Stem Cell Research: Affection or Affliction?
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Perhaps no current topic in medicine is as emotionally or politically charged as stem cell research. The issue is shrouded with divergent religious/ethical beliefs, unknown financial potential, recent political posturing, occasional clinical hype and, unfortunately, ignorance and fear.

In 1998, Dr. James Thomson led a group of scientists who first isolated and grew human embryonic stem cells (hESC) at the University of Wisconsin-Madison. Around the same time, John Gearhart, PhD, Johns Hopkins University, reported the first derivation of human embryonic germ cells from fetal gonadal tissues. Germ cells develop into human egg and sperm. Federal funds have been available for hESC research since August 2001, when, in his first televised address, President Bush announced his firm but limited support of hESC research. In February 2004, a team of Korean scientists at Seoul National University removed the nucleus of a human egg cell and replaced it with genetic material from a single adult cell. Then they stimulated the newly formed egg cell, prompting it to divide. Within a few days, they produced a line of hESCs—the first ever in a laboratory. The process—somatic cell nuclear transplantation (SCNT)—was outlawed in the United States in February 2003, when Congress passed the Human Cloning Prohibition Act.

Although stem cells are thought to offer potential cures and therapies for many devastating diseases, such as kidney cancer and diabetes, researchers are just beginning to learn how to grow and use the cells. Clinical trials to date have involved a very limited number of patients.

Conventional wisdom says studying stem cells will help us understand how cells develop into the myriad of specialized cells that make us who and what we are. The foundations of many serious medical conditions seem to begin somewhere along the path of cell growth and maturity. With a better understanding of cell development, we can—in theory—cure and prevent these medical conditions.

Embryonic stem cell technology offers another potential application. Researchers can create pluripotent stem cells, which offer the possibility of a renewable source of replacement cells and tissues to treat diabetes, kidney cancer, burn and stroke victims, heart disease, spinal cord injuries, Alzheimer’s disease, and Parkinson’s disease. If this great potential is at our doorstep, why do we stand on the porch and argue whether or not we should build the rest of the house?

The Science

In the 1960s, scientists studying testicular teratomas in mice determined the tumors originated from embryonic germ cells. In 1981, Dr. Gail Martin at the University of California-San Francisco reported methods to grow pluripotent mouse embryonic stem cells in a laboratory. But stem cell research did not expand much until Thomson and Gearhart disclosed their findings almost 20 years later. Thomson used 5-day blastocysts produced through in vitro fertilization. The germ cells used by Gearhart were taken from the gonadal ridge and mesenchyma of 5- to 9-week-old fetal abortions.

At the most basic level, there are two types of stem cells: embryonic and adult. Most adult stem cells are created through SCNT. SCNT involves isolating a human egg, removing the nucleus, taking a somatic (body) cell from a patient, removing its nucleus, and transferring it to the egg cell. The cell quickly goes through several divisions and reaches the blastocyst stage. At this point, for therapy, the inner cells of the blastocyst are removed and enculturated in a petri dish for stem cells. These stem cells can be grown into kidney, liver, lung tissues, et cetera. Theoretically, if the inner cells of the blastocyst are not removed, and it is implanted in a uterus, it could grow to full term. However, that is reproductive cloning, not stem cell research.

Embryonic stem cells are usually created in vitro. The egg is fertilized in a test tube and allowed to grow to the blastocyst stage. Then, the inner cells are removed and nurtured in a petri dish. Some embryonic stem cells can be harvested in the placenta, umbilical cord, and bone marrow, but they are relatively rare and difficult to find. In SCNT and in vitro fertilization, the blastocyst is destroyed when the inner cells are removed. If the blastocyst were allowed to develop further, most pluripotent stem cells (undifferentiated) become specialized (differentiated) and lose much of their versatility.

With few exceptions, adult stem cells develop into a limited range of differentiated cell types. The limitations are imposed by powerful molecular constraints on gene expression, which, for example, ensure skin cells—and not heart tissue—replace skin cells when the skin is damaged. Embryonic stem cells are obtained at a stage prior to their commitment to form a particular tissue. That is why embryonic stem cells are more versatile (undifferentiated) than adult stem cells. However, some evidence suggests stem cells from bone marrow have a wider range of cell type differentiation.

Researchers at the Medical College of Georgia (MCG) are making a case for a third type of stem cell capable of making all types of human tissue. Douglas P. Dickinson, a molecular biologist at MCG, says VENT (ventrally emigrating neural tube) cells escape from the bottom of the neural tube early in development in vivo, after the tube closes to form the brain. They travel along the nerve paths and disperse throughout the body to target tissues. Then the VENT cells differentiate into the same cell type as their neighbor where they finally reside. First discovered in 1995 in 3-day-old chick embryos by MCG developmental biologist Paul Sohal, these cells are the first source of new cells identified in an embryo since 1868. Dickinson heard about the finding at a 2003 lecture by Sohal at the MCG School of Dentistry. Now he is part of a team investigating the origin of VENT cells, the role they play in target tissues, and whether they are the source of undifferentiated adult stem cells kept in reserve by all tissues. A review article in the August issue of the Journal of Anatomy examined the short history of VENT cell research. Although many questions remain, MCG scientists consider their existence no longer a matter for debate.

Clinical Research

Until 1998, mouse models were a common form of research that glimpsed the potential of stem cell therapies. Although research with human stem cells has increased, mouse models remain popular research venues. In 2001, Olle Lindvall at Lund University in Sweden demonstrated that stem cells in mice can be used to treat Parkinson’s disease. Although mouse models can show us research paths, the real benefit from stem cell examination will be derived from investigating hESC.

In August, the British medical journal Lancet published a story about German doctors who grew a jawbone on a 56-year-old patient’s back to replace his cancerous jaw surgically removed nine years earlier. They used a mesh cage, a growth hormone, and the patient’s own bone marrow, containing stem cells, to grow the first whole bone incubated inside a patient’s body. The jawbone was transplanted by Dr. Patrick Warnke, a facial reconstruction surgeon at the University of Kiel in Germany. Although too early to determine whether the new jawbone, which fit perfectly in the gap created by surgery, will function normally long term, the patient was able to chew his first meal in nine years.

In the August edition of Arthritis and Rheumatism, researchers from Northwestern University in Chicago reported transplanting stem cells from a healthy woman to her sister with severe rheumatoid arthritis in 38 joints. Apparently, the procedure cured the disease in the 52-year-old woman. Prior to transplantation, the patient was given immunosuppressants to increase the odds her body would not reject the cells. One year after the transplant, the patient was disease free and not taking drugs to suppress her immune system.

Both stories are remarkable stem cell therapy successes. Not all stem cell procedures, however, enjoy that level of accomplishment. Swiss research, published in the April Annals of Oncology, found stem cell transplants in breast cancer patients failed to live up to hopes. In 2002, 330 breast cancer patients in Europe received stem cell transplants. Professor Alois Gratwohl from the Department of Internal Medicine at Kantonsspital Basel in Switzerland said the results were ambiguous and the value of stem cell transplant in breast cancer patients still needed to be determined. He added, though, it was encouraging to see doctors share negative findings in stem cell research.

Through clinical research, investigators have identified and delineated the difference between differentiated and undifferentiated stem cells. Researchers can create and grow adult stem cells and embryonic stem cells in a laboratory. They can enculturate stem cells to develop into specific types of tissues. But we do not know the answers to some very essential questions: How do VENT cells identify their target tissues? Why do stem cells remain undifferentiated in tissues, and what signals them to start and stop dividing? What are the biomarkers that influence development into specific tissues? How do newly generated tissues integrate into the existing organ? What genetic and environmental factors affect differentiation? Are there any psychological factors that influence stem cell differentiation? How and where do we implant stem cells to yield the best outcome? Which type of stem cell(s) is best suited to suffice a particular therapy?

These questions, and many more, have to be answered before scientists can make strong claims about stem cell capabilities. But to answer the questions, investigators must have access to stem cells—whether in vitro or in vivo—and the freedom to tread wherever the clinical path leads. Even after they have the answers, researchers have to build a scientific foundation to evaluate and confirm the data in this very young field.

Religion

Embryonic stem cells have the unique ability to form all adult cell types. Harnessing this potential could provide a dynamic source of cells to replace those lost or damaged from disease or physical trauma. The potential is exciting and clear. The religious, ethical, and intellectual base of whether or not to allow stem cell research is not as clear.

The main argument against the freedom of clinical research is the perception and belief among many that stem cell research deprives a human embryo the potential to develop into a complete human being. The problem is that not everyone agrees at what stage an embryo becomes a human being.

Jewish law and tradition maintain the embryo has no moral status until 40 days after implantation. Until the child is born, the fetus is considered part of the mother’s body. The child does not receive a soul until s/he is more than half way out of the birth canal. Muslim tradition confers legal and moral status to the fetus when it receives a soul—at the end of the fourth month of pregnancy. The California Council of Churches has endorsed Proposition 71, the California Stem Cell Research and Cures Act, on the state’s November ballot. The measure tags $3 billion of state funds for stem cell research. The Greek Orthodox Diocese of San Francisco also endorsed the proposition. Southern Baptists, at their July convention in Austin, Texas, adopted an anti-stem cell research stand as part of their election-year campaign issues.

The Roman Catholic Church is staunchly opposed to stem cell research. Until the mid-19th century, the Catholic Church held the Aristotelian view that life begins 40 days after conception. The tenet was adopted by two principal Church architects of religious dogma: Augustine of Hippo and Thomas Aquinas. In 1869, as part of Vatican I, Pope Pius IX wrote in an encyclical letter that we cannot know with certainty when human life begins. So the Church supplanted its previous religious belief with the newer one that holds to this day.

The core of this entire spiritual debate, therefore, is whether or not one considers the cells in a petri dish a human life. Without a doubt, they are alive. They came from living cells. But are all cells in the body human lives? If so, are diabetics considered murderers when they prick a finger and destroy cells to check their blood sugar level? If not, where do we draw the line to determine the status of human life? At conception? Five days? Forty days? Four months?

Stem cell research seems to be popular with the public. After the 2004 Democratic National Convention in Boston, Mass., a survey found nearly two-thirds of adults, including more than half of Republicans, support federal funding of stem cell research. Although popular, it appears the average American does not know enough about stem cells to help develop a blueprint that settles the spiritual enigma behind the political policy affecting research. In mid-July, Synovate of Chicago surveyed approximately 1,200 Americans on behalf of NeoStem, a California company that collects and stores adult stem cells for medical treatments. Forty percent claimed to be “very” or “somewhat” familiar with adult stem cells. Of that knowledgeable demographic, 68% erroneously believed adult stem cells are harvested from embryos, and 65% incorrectly said they do not have the same potential as embryonic stem cells to cure diseases. Correctly understanding stem cell attributes, however, increased as education and income levels went up.

If American citizens do not understand stem cell research, and American religious culture does not have a clear consensus on its ethics, how can we possibly regulate it sensibly, logically, and ethically?

Politics and Business

Although Americans boast ours is a country that separates church and state, spiritual beliefs often influence political policy. Some states—Missouri, for example—have Sunday liquor laws. Alcoholic beverages cannot be purchased before a certain hour of the morning or afternoon of the Christian sabbath. The rationale behind the law is, in a nutshell, if you aren’t going to church, you can’t buy liquor. Right or wrong, religious beliefs influenced the politicians to regulate the business. The same sort of rationale seems to apply to the government policy toward stem cell research. Right or wrong, the religious belief that human life begins at conception influences the politicians to regulate stem cell research.

In 1996, Representative Jay Dickey (R-Ark.) proposed an amendment to an appropriations bill approved by Congress. The Dickey Amendment prohibits federal funding for embryo research—including derivations of new stem cell lines. The amendment is renewable every year, and anti-abortion advocates have said they will fight to keep the amendment no matter which party occupies the White House.

In August 2001, President Bush allowed federal funds for research as long as the money is used for existing cell lines. In 2000, the government allocated no money for stem cell research; in 2003, it set aside almost $25 million for embryonic stem cell research. In 2003, The National Institutes of Health (NIH) set aside $190 million for adult stem cell research. No federal funds may be used to investigate any line other than the 19 approved lines, or create new ones. Democratic presidential candidate John Kerry has said he will relax restrictions on federal funding for stem cell research. At the Democratic National Convention, Ron Reagan pleaded with a national audience to ease restrictions. Nancy Reagan has voiced her support for stem cell research. In June, 58 senators, including 14 Republicans, signed a letter asking President Bush to loosen restrictions. The letter echoed one in May sent by 206 members of the House.

Although NIH had 78 documented stem cell lines when Bush announced his policy, only 19 lines are available in the United States today—not nearly enough to conduct experiments on the broad range of diseases that plague humanity. How did 78 lines dwindle to only 19?

According to the NIH, of the 78 lines thought to be available, 7 were duplicates, 16 failed to reproduce, 1 gamete donor withdrew consent, controlling institutions in other countries (India, South Korea, and Sweden) have not sought NIH assistance to reproduce and distribute 31 lines, and 4 lines are currently being developed.

Typically, most of the pioneering scientific initiatives are conducted in academic rather than commercial institutions. They rely on federal grants to ensure programs are consistently funded and monitored. George Daly, one of world’s leading stem cell researchers, conducts most of his research with Harvard University’s newly established Stem Cell Institute and Boston’s Children’s Hospital. According to Daly, some of his programs have qualified for NIH grants under the Bush Administration’s guidelines, but the vast majority of his funds come from private sources. He counts the Howard Hughes Medical Institute and Juvenile Diabetes Research Foundation among his key donors. By restricting funding and imposing limits, Daly believes the government could be losing control of potentially dangerous and unsafe research, such as human cloning, because private institutions and many other countries have no funding limits. The United States could also find itself far behind other countries in stem cell research. Taking their ideas and enthusiasm with them, younger scientists interested in stem cell research might leave the United States and work in other countries that offer more money and opportunities.

In an article published by The Scientist in June, Roger Pederson, professor of regenerative medicine at Cambridge University in the United Kingdom, said he moved to Cambridge from California for the freedom to work on human embryonic stems cells. The United Kingdom has recently passed several milestones in stem cell research. The world’s first stem cell bank was formally opened in May in Hertfordshire. In the same month, the Newcastle Centre for Life applied to British authorities for a license to research SCNT. In August they were granted the license. The center receives financial support from the Juvenile Diabetes Foundation. Pederson hopes to conduct stem cell trials on diabetes within five years.

Another U.K. research project is underway at the Institute for Stem Cell Research in Edinburgh, Scotland. The Economic Union-funded EuroStemCell project involves 14 organizations from 8 European countries. It will last four years and establish foundations for clinical trials of stem cell therapies. In all, 57 grants have been awarded to universities and research centers in the United Kingdom.

South Korea has already demonstrated the ability to manufacture stem cell lines from scratch. In Canada, a parliamentary committee voted to legalize the use of excess embryos for stem cell research. Sweden has announced it would support embryo cloning for therapeutic research, and Singapore is spending $300 million on Biopolis, a cutting-edge science park focused on stem cell technology. By the end of 2005, Singapore plans to invest $7 billion in stem cell research. According to India Daily, India plans to soon announce a major breakthrough in stem cell research at the All India Institute of Medical Sciences. The Israel Stem Cell Therapy Consortium, a group of medical companies and academic research facilities, is embarking on a $15 million-$20 million program to develop the tools and techniques for widespread development of stem cell-based therapies. In Australia, the Biotechnology Centre of Excellence program, the National Stem Cell Centre, will receive $30.4 million from the Department of Industry, Tourism and Resources, and $27.5 million from the Australian Research Council. This brings the total funding from the Australian government to $57.9 million over five years, 2006–2011. China has encouraged a number of universities to invest heavily in stem cell research. Those universities have attracted public funds and investment by private companies. Many researchers at Beijing Stemcell Medengineering Company are U.S. trained. According to a 2002 report delivered to the United Kingdom Parliament, China and Singapore want to maintain a competitive advantage, so the governments have lightly regulated the science. That same report urged Parliament to encourage collaboration between industry and research institutes to develop stem cell therapies.

By contrast, on July 14, 2004, the NIH announced a plan to grow and distribute Bush Administration-approved stem cells. However, no site for the proposed bank has been chosen, no steering committee named, and spending for fiscal year 2005 has yet to be finalized.

Although the stem cell market is immature, the majority of businesses involved in the research are not domestic. Of the 14 organizations with stem cell lines available for federal funding, only 4 are in the United States. Worldwide, approximately 60 companies are involved in stem cell research. In 2003, only 10 private firms were actively involved in embryonic stem cell research in the United States. They spent a total of just $70 million. These projects are small fish in a global sea of economic competition for the stem cell markets that will rise—with or without federal support. 

The University of California-San Francisco (UCSF), Stanford, and Harvard have set up privately funded programs to sidestep the federal restrictions. To continue receiving federal monies, some universities have set up laboratories separate from their main campuses. UCSF and Stanford have raised $11 million and $12 million, respectively. Harvard reportedly hopes to raise $100 million.

Investing in private stem cell research is risky business in the United States. VistaGen of Burlingame, Calif., is six years old, but it has grown to just 10 employees. According to CEO Ralph Snodgrass, it has received little venture capital. If Proposition 71 passes in November, the political climate—at least in California—might be more agreeable to stem cell research.

On Nasdaq, StemCells Inc. (STEM) rose only 10 cents ($1.43 to $1.53) from June 3 to September 3. For the six months ending June 30, 2004, revenues fell 17% to $99,000. Net loss fell 9% to $6.1 million. Aastrom Biosciences (ASTM) dropped 3 cents ($0.93 to $0.90) June 3 to September 3. For the nine months that ended March 31, 2004, revenues increased 63% to $1.1 million, but net loss increased as well, 13% to $7.7 million.

Ernst & Young reported that by the end of 2000, the total value of Europe’s publicly quoted biotechnology companies more than doubled (36 billion euros to 75 billion euros) from the year previous. In the United States, the market value fell $23 billion in the same period. According to Pharmaceutical Business News, the global stem cell market was $18.5 billion in 2001. The market is anticipated to be $32 billion in 2005 and $78 billion in 2010. Because the Bush Administration has a moratorium on developing new cell lines, the greatest financial growth is expected in Europe and the Far East.

Conclusion

Although stem cell research and therapies are immature, they hold immense promise to prevent and treat a gamut of devastating human diseases, such as diabetes, cancer, and heart disease. As with all research, the ability to consider the possibility of stem cell therapies is the result of many years of clinical study.

The research raises ethical and political policy concerns, but that is not new to science. Decades ago, when reliable means of birth control became technologically feasible, social and government critics spent decades trying to thwart its use. The main argument was that the intervention of reproduction was unnatural and immoral—an argument prepossessed to today’s debate on stem cells. Currently, however, various forms of contraception enjoy profitable markets and more accommodating policies.

New technology can evoke anxiety and uncertainty among certain population demographics. Other groups embrace new technology even without fully understanding it. To develop and apply new technologies that can have significant social impact, citizens must participate fully. To participate, they must understand the technology and decide which religious/ethical dogma supplies the best synthesis to health care needs, scientific advancement, and respect for the integrity of human life. And, most important, they must inform their state and congressional representatives to vote and act accordingly.

To examine the issue and embrace a course of action from a purely economic/financial viewpoint is myopic and ignores human integrity and the sanctity of life. However, it is an aspect integral to the gestalt argument. Some countries—Israel, for example—that do not legislate against stem cell research are building state-of-the-art facilities, funding numerous clinical trials, and are poised to offer lucrative investigative positions to enthusiastic younger scientists in the United States. If enough stem cell scientists leave the country, it might take years to recover the talent.

Federal funding, for whatever project, has an elaborate set of monitors and reviews to ensure recipients use the money consistent with legal requirements and capacious social values. There is no reason to believe stem cell researchers would abuse federal funds for heinous research and cover-up. The U.S. Food and Drug Administration has the authority to regulate human stem cell research that develops therapies for diseases. The federal government has published Model for the Certification of Embryo Laboratories that researchers and states could adopt as a guideline. Other federal entities, such as the National Bioethics Advisory Commission and the Recombinant DNA Advisory Committee, could work with professional organizations, patient groups, funding agencies, Congress, and religious communities to ensure ethical conduct.

Ours is a pluralistic society. No one policy will resolve all of the differences in this sensitive social issue. But, as with many other sensitive issues this country has faced in the past, respect for opposing viewpoints and tolerance of divergent beliefs are the most beneficial course to promote public safety and enhance public health. If donors are willing to supply—whether in vitro or in vivo—embryonic and adult stem cells that can advance the cure of any disease, we have the responsibility to honor their voluntary sacrifice, a moral obligation to treat their donation with respect, and a duty to human kind to ease the pain and suffering of those we can help.

Editor’s Note: As of September 1, proponents of Proposition 71 in California had raised almost $11 million in contributions. Opponents had raised $75,000.

