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STEM CELL 101 
learn the basics of this complex and controversial science. There might be a quiz. 

Stem cells. Rarely do two words wield such power to excite, 

to entice, to eruage, to confuse, to instigate and to spark 

debate. 

Stem cell research can mean medical promise, new 

cures or, at the least, a new technique for basic science. It 

can mean economic development and business opportuni

ties. It can mean an ethical gray area or a moral dilemma. It 

can mean a mixture of all these things. 

At the extremes of debate, stem cells are either the 

panacea that will cure disease once restrictions are lifted 

or the first step down a slippery slope to Brave New World
style human harvesting. When an issue has so much noise 

around it - from political shouting matches to media hype 

- sometimes it's hard to talk at a reasonable volume. 

But it takes reasonable discourse to debate the new 

questions that come with new science. This story does 

not seek to answer those questions. Rather, it can serve 

as a resource for those who wish to enter the discussion, 

complete with insight from MU's experts. 

Story by Chris Blose 
Illustrations by Dory Colbert 

The science 
Types of stem cells 
Starting at the beginning makes sense because that's basi

cally what stem cells are: a beginning. They're what the var

ious cells of the human body are before they become the 

various cells of the human body. To use the stock science 

metaphor of"building blocks" might not suffice; stem cells 

are the raw material from which building blocks are built. 

Stem cells have not gone through complete differentiation, 

meaning they have not yet changed into one of the body's 

250-plus specialized cell types. Scientists hope they can 

learn to guide that differentiation for research and for 

medical treatments that would repair damaged cells within 

the body (see "The potential" section of this article). 

Most researchers focus on two stem cell types (see Figure 1): 

•Adult stem cells are stored within specific tissue types. 

The body uses them to replace cells as needed. They are 

:ultipotent, so they can become multiple types of cells 

Adult and embryonic stem cells 
(Figure 1) 
The body contains adult stem cells that replace 
damaged cells as necessary. Adult stem cells are 
multipotent, meaning they can become different 
types of cells within a tissue group. Those within 
the blood, for example, can become red blood 
cells, white blood cells, platelets and so on. 

Adult stem cell from blood 

White blood cells 
Red blood cells 
Platelets 

Embryonic stem cells are pluripotent, 
meaning they can become almost 
any type of cell within the body. 
Scientists hope to be able to manipu
late their differentiation into various 
cell types for therapeutic use. 

Embryonic stem cell 
Bone marrow cells 
Pancreatic islet cells 
Nerve cells 
Various blood cells 
Other cell types 
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within a tissue type. For example, adult stem cells from 

blood could become white blood cells, red blood cells, plate

lets or other cells in the blood. 

•Embryonic stem cells are derived from the early stages 

of embryo growth before any differentiation has taken 

place. They eaning they can become 

almost any type of specialized cell within the body. 

Embryonic stem cells cause the most debate. Since 

University of Wisconsin researcher James Thomson first 

successfully cultured stem cells from embryos in 1998, 

his achievement has caused a mixture of excitement and 

trepidation. The excitement comes from the potential of 

pluripotent stem cells - to divide indefinitely and thereby 

possibly become an endless source for treating disease and 

injury. The trepidation comes from their origin in embryos. 

Specifically, embryonic stem cells come from blastocysts, 

a roughly 150-cell stage of development. At this stage, blas

tocysts show no differentiation or organ development and 

are about the size of the tip of a pin. 

Two sources, two debates 

Designed to assist couples with reproductive difficul

ties, !VF involves fertilizing a woman's oocytes (eggs) in 

a lab with spermatozoa and then implanting resulting 

embryos in her uterus . This technique, first practiced in 

1978, was itself a source of massive controversy at the time, 

says Mike Roberts, Curators' Professor of Animal Sciences. 

Today, more than 2 million babies have been born using !VF. 

JVF's link to stem cell research comes from the process 

itself. Because assisted reproduction can be difficult and 

inefficient, doctors fertilize numerous oocytes to increase 

the chances of success. Many of the resulting embryos 

are never implanted in a woman's uterus. They are either 

stored indefinitely through cryopreservation, destroyed, 

or donated to other infertile couples or medical research. 

There are an estimated 400,000 in storage. 

Proponents of using these extra embryos consider 

them a wasted resource, says Phil Peters, an MU law pro

fessor and ethics researcher. However, opponents view 

them as early human life and object to using them in stem 

cell research. Extracting stem cells (see Figure 2) involves 

removing the part of the blastocyst that contains stem cells 

and results in the destruction of the embryo. 

That process is the same with blastocysts from SCNT. 
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Glossary of highlighted terms 

Blastocyst: The stage of embryonic development 

composed of around 150 cells. This stage occurs before 

implantation in the uterus. The inner cell mass of a 

blastocyst contains stem cells. 

Cord blood treatments: A form of therapy using adult 

stem cells from the umbilical cord. These cells can dif

ferentiate into certain types of blood and inlmune cells 

for repair. Some parents are now saving their infants' 

umbilical cords for potential use. 

Differentiation: The process by which stem cells become 

specialized cells programmed to do a specific job with 

other cells of their type - red blood cells or muscle cells, 

for example. 

In vitro fertilization {IVF): Fertilization in a laboratory 

setting. Usually, many embryos from the process are not 

implanted. These have been a source of stem cells. 

Multipotent: Stem cells that can become multiple types 

of specialized cells within a tissue family. Adult stem 

cells are multipotent. 

Passage: A cycle of cells. Each time scientists have 

to move cells into a new culture dish, a passage has 

occurred. The more passages, the more likely genetic 

mutation or instability might occur. 

Plasticity: The possibility, uncertain for now, for adult 

stem cells from one tissue type to differentiate into cells 

of a different tissue type. 

Pluripotent: Stem cells that can become almost any type 

of specialized cell within the body. Embryonic stem cells 

are pluripotent. 

Somatic cell nuclear transfer (SCNT): The process of 

removing the nucleus of an egg and adding the nucleus 

from a person's somatic cell (adult cell), then mimick

ing fertilization. This creates a source of stem cells and a 

genetic match for a person. 

Stem cells: Basic cells before they become specialized 

cells of various tissue types. They can divide indefinitely. 

Scientists are most interested in adult and embryonic 

stem cells, both of which have medical potential. 
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Gathering stem cells 
(Figure 2) 

No matter the source of embryos, 
the process for extracting stem 
cells is the same. 

Researchers extract the inner 
cell mass after about four or five 
days. In traditional reproduction, 
the embryo at this stage would 
be in the fallopian tube, before 
reaching the uterus. 

Around the 150-cell stage, 
the embryo is called a 
blastocyst. It is a sphere the 
size of the tip of a pin, and it 
has a fluid-filled cavity with 
a small cluster of cells called 
the inner cell mass. 

Researchers place the 
inner cell mass in a 
culture dish, where stem 
cells will divide. 

No researchers at MU are 
involved in extracting human 
embryonic stem cells. 

extra embryo 
from NF 

or product 
ofSCNT 

What's different is what leads up to that point. SCNT evokes 
the dreaded word cloning, Roberts says. Researchers draw a 
distinction between human cloning (or cloning for repro
duction) and therapeutic cloning (or cloning for biomedical 
research or treatment). In therapeutic cloning, the resulting 
blastocyst would not be implanted into a woman's uterus; 
creating a person is not the goal. 

In SCNT (see Figure 3), scientists remove all the genetic 
material from an egg and then add the nucleus containing 
genetic material from another person's fully differentiated 
adult cell, or somatic cell (potentially a patient's cell). With 
an electrical charge, they ~trick" the egg into thinking it 
is fertilized. The process differs from sexual reproduction 
in that it doesn' t join genetic material from a male and a 
female through union of sperm and oocyte; all the genetic 
material comes from one person. 

Proponents of SCNT point out that blastocysts could 
not become human life on their own without being 
implanted in the uterus. But some opponents equate the 
process with destroying life, and others fear therapeutic 
cloning could pave the way for human cloning for repro
ductive purposes. Most in the scientific community reject 
human cloning for reproduction as unsafe and unethical. 

The potential 
What's been done and what could be done 
Roberts does not exaggerate about stem cells' potential. 
Scientists do not know if they will be the cure-all some 
make them out to be, he says. They do, however, know that 
adult stem cells already are in medical use and that research 
on embryonic stem cells shows possibly greater promise. 

Adult stem cells already have proven useful in many ways: 
• Doctors have used cells from patients' good eyes to repair 
tissue in damaged eyes. 

• Doctors have treated lupus patients with bone marrow 
stem cells, thereby reversing damage that could have 
been permanent. 

• Doctors have do ents, using cells 
from umbilical cords, since 1988 to generate fresh blood 
cells and immune system cells in patients. 

Researchers also are looking into whether some adult 
stem cells could show aning they could gen
erate cells of a type other than the tissue from which they 
come. In the meantime, though, Roberts and most scien
tists favor more work on pluripotent embryonic stem cells. 

Scientists are attempting to guide differentiation in 
embryonic stem cells. To do so would open up the possi
bility of directing stem cells to become healthy body cells 
that could replace damaged cells and repair tissue. 

Some possibilities for embryonic stem cells: 
• Embryonic stem cells could become insulin-producing 

islet cells for diabetes patients. 
•They could help reverse neurodegenerative diseases such 
as Parkinson's disease and degenerative muscular diseases 
such as multiple sclerosis. 

• Replacement therapy could help repair damage from 
heart failure, stroke, spinal cord lesions, etc. 

Previous accomplishments give scientists hope. For 
example, in Palo Alto, Calif., researchers put neuronal cells 
from a human fetus into mice. The cells started working 
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with the mouse neurons and even repaired neurological 

damage. Such animal research presents its own ethical 

dilemmas for some, but it has shown great potential. 

"I'm fairly optimistic that some of these things can be 

done, understanding that like other things - tissue grafts, 

for example - it's a transplantation problem," Roberts says. 

Scientists still must overcome that and other barriers 

before therapy could become a reality: 

•The immune system could reject new cells, as in traditional 

transplants. This is especially true for stem cells from IVF, 

which would come from a donor other than the patient. 

The research at MU 
In 2001, President George W. Bush issued an executive order 

that released National Institutes of Health (NIH) money for 

research on embryonic stem cells. Scientists could begin 

federally funded research but with the stipulation that they 

could use only specific cell lines (harvested and cultivated 

cells) developed using IVF embryos . Bush's order drew this 

distinction: With the approved lines, destruction of the 

embryo had already taken place, so no new embryos would 

be destroyed. 

That means scientists who depend on federal money 

need to make the most of the 20-something viable exist

ing lines, Roberts says. They' re expensive, for one thing, 

at $5,000 or so a vial. And although they reproduce indefi

nitely, they need constant care to do so. Also, the more 

• Even though SCNT presents fewer immune problems, 

finding enough high-quality donor eggs is a concern. 

•The possibility of genetic mutation exists for stem cells 

acquired from IVF or SCNT. 

Potential therapies hinge on the word possibility. 

Opponents of embryonic stem cell research point to a 

limited track record of results. However, that comes in 

part from restriction and from the newness of the science. 

"There has been very little to show for embryonic stem cell 

research, as critics suggest," Peters says . "However, that's 

because there's been very little research." 

:J•••lf:e line goes through - meaning the more times 

cells are moved to new culture dishes - the more likely dif

ferentiation or genetic mutations will occur. So Roberts and 

fellow MU researcher Toshihiko Ezashi have worked on a way 

to make existing cells more efficient and easier to care for. 

"We decided they would be best grown under very low 

oxygen conditions rather than in air because the condition 

embryos find themselves in in the reproductive tract is very 

low oxygen," Roberts says. Likewise, veterinary pathobiology 

Somatic cell nuclear transfer (Figure 3) 
Somatic cell nuclear transfer (SCNT) could be a source of stem cells. To use it as such often is called 
therapeutic cloning, as opposed to human cloning for reproduction, which most ethicists and scientists 
reject as unsafe and unethical. Here is how the intricate SCNT process works: 

Researchers remove the nucleus from a donor egg. 
This essentially makes the egg a genetic blank slate. 

Next, researchers add the nucleus from a somatic cell 
(adult stem cell). This nucleus contains all of the 
genetic material from the donor of the somatic cell. 
This is one way it differs from reproduction, in which 
the resulting embryo contains half of its genetic 
material from the male and half from the female. 

Researchers apply an electrical charge that mimics the process 
of fertilization. Cells divide over the next four to five days. 

Researchers remove the inner cell mass from a blastocyst and place it in a 
culture dish, where stem cells will divide indefinitely if cared for properly. 

No researchers at MU are involved in human SCNT. 
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Professor John Critser, an expert in cryopreservation, works on 
techniques to tore embryonic stem cells at low temperatures. 

"Most of what we're doing is work that will enhance 
other people's ability to do better work with stem cells," 
Critser says. The same is true of Roberts' research. 

MU researchers, who depend on state and federal funds like 
many scientists at public institutions, use federally approved 
embryonic stem cell lines from the University of Wisconsin. No 
researchers at MU are involved in SCNTon humans. 

The policy 
Lack of law 
Embryonic stem cells represent a beginning; a single one 
can become just about anything. Likewise, embryonic stem 
cell research is in the early tage of experimentation and 
discovery. In turn, the policy and laws that will affect that 
research are still in development. What will they become? 

"There's just not a lot oflaw," Peters says. Bush's execu
tive order remains the centerpiece, but proposals continue 
to ari e in federal and state legislatures. 

To say the issues surrounding stem cell research are 
touchy would be a massive understatement, something 
philosophy Professor Bill Bondeson conveys to his medical 
ethic student : "These are genuinely controversial issues 
with passion on both sides." 

"Both sides" might not cover the spectrum, though. As with 
mo tis ues, there are more than two sides to stem cell debate. 

Here are several camps of ethical thought: 

• Embryos in this early stage of development, either from 
IVF or SCNT, are not equivalent to full persons. Research 
of either kind should be allowed to advance science. 

• Embryos in this early stage of development, either from 
IVF or SCNT, are equivalent to full persons. Research of 
either kind should not be allowed. 

• Extra embryos from IVF either are going to be stored indef
initely or destroyed. They are already created, so using 
them for the good of science and medicine is preferable to 
using SCNT, which creates a new embryo and destroys it. 

•The products of SCNT are not created through reproduction 
and are not full persons. They should be used instead of 

those created from !VF, which are full persons. 

Peters notes the "different conversations" going on 
in the first two viewpoints and the latter two. Those who 
accept or reject embryonic stem cell research outright focus 
on the product of IVF or SC T; they either accept that prod
uct a a person, or they don't. The latter two viewpoints, 

though, focus more on the processes. "You can say that the 
process is different," Peters says, "and for some people the 
differences have moral consequences." 

These four viewpoints might themselves oversimplify 
this incredibly complex issue, though. Subtle variations of 
thought exist within Jabs, ethics classrooms, congregations 
and legislatures. These viewpoints and variations frame debate 
that may in time frame policy. The future oflaw and regulation 
regarding embryonic stem cell research remains murky. 

Photo courtesy ofTosh1h1ko Ez;;ish1 

Embryonic stem cells, shown above in a culture dish, have the 
ability to divide indefinitely under the proper condit ions and care. 
Researchers at MU have worked on ways to improve growth and 
preservation conditions for embryonic stem cells. 

Show me uncertainty 
Missouri's legal waters may be some of the murkiest. The 
state has a statute that reads, "The life of each human being 
begins at conception." The difficulty, Peters says, comes 
from conception not being defined in the statute. Would 
the process of SCNT be considered conception, for example, 
given its differences from sexual reproduction? It's not dear 
whether someone practicing SCNT and using the resulting 
embryonic stem cells would be guilty of a crime in Missouri. 

It also is illegal for a researcher who uses any Missouri 
state funds to practice any form of cloning at this time. 

No specific embryonic stem cell legislation has passed 
in Missouri. The same is true nationally. Because of the lack 
of laws, it is not criminal on the federal level to perform 
a wide range of embryonic stem cell research, as long as 
certain funds are not involved. That means privately funded 
researchers (those employed by drug companies, for exam
ple) can pursue SCNT, create new stem cell lines using extra 
IVF embryos or use lines that aren't currently approved. 
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But Roberts says limited federal funds and legal uncer

tainty result in timid research. Some of the top researchers 

at MU and beyond rely on federal funds , so they are limited 

in their pursuit of new research. Likewise, even private 

researchers approach work with trepidation if they are uncer

tain whether they are breaking the law. 

Several pieces of legislation are in the works, both in 

favor oflooser restrictions and in favor of banning embry

onic stem cell research. The Missouri Coalition for Lifesaving 

Cures has announced its goal of a ballot initiative for 2006 

that would create a state constitutional amendment stating 

that research permitted by federal law would be permitted 

by Missouri law. Nationally, U.S . Senate majority leader Bill 

Frist , R-Tenn ., had at one point called for looser restrictions, 

but Bush has vowed to veto any legislation that would be 

more lenient than his existing executive order. 

Roberts advises against any "hastily conceived language" 

in legislation, either for or against research: "There is always 

the potential for legislation to dampen opportunity. There's 

also a chance it could increase opportunity." 

What next? 
At press time, preliminary research on removing mouse stem 

cells at an eight-cell stage of development without destroying 

embryos was making headlines. Such news is typical of the 

stem cell field, in which new findings continue to alter the 

scientific and ethical landscape. 

Bondeson offers his MU medical ethics students an hon

est and realistic view of the future: "Is this science going to 

advance? Of course it's going to advance. And whatever we 

decide not to do is going to happen somewhere else in the 

world." That's not necessarily a reason we should do it, but it 

is evident that others will. The question: Where will it happen? 

This question is appropriate for discussion locally, nation

ally and internationally. Legal uncertainty causes concern 

among business leaders and health advocates, especially as 

the state and University push for more eminence in life sci

ences. If researchers can't perform this new research here, will 
they go elsewhere? California and other states have budgeted 

funds for stem cell research in response to federal limitations, 

and Illinois Gov. Ron Blagojevich has invited Missouri insti

tutions to relocate there and make use of state funds . Back 

at home, Missouri Gov. Matt Blunt has come out in favor of 

stem cell research using SCNT. 

South Korea, Singapore and other places with less restric

tion are becoming havens for stem cell research. In 2005, a 

Korean group published results of successful human SCNT for 

embryonic stem cells. 
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Why do American scientists push for the ability to use 

or make new embryonic stem cell lines? The approved lines 

have gone through many passages, so new lines might 

be more genetically stable and predictable, Roberts says. 

Also, the approved lines were grown using mouse cells in 

a culture dish (the mouse "feeder cells" form a bed on the 

dish upon which the stem cells settle and form colonies), so 

some researchers have concerns that those cells could have 

picked up genetic material or disease from mice. It's difficult 

to tell . Roberts says such cells are fine for the kind of work 

he does but probably not for therapy. "I think that clinical 

work in the future would probably depend on establishing 

new cell lines," he says. 

Of course, people with earnest ethical qualms would say 

t hat medical advancement, business concerns or national 

research pre-eminence are not enough. Debate continues 

on all sides. In a lab somewhere, a group of embryonic stem 

cells sits with an uncertain future. In the state, country and 

world, embryonic stem cell research does the same. 

More: www.nih.gov lll 

Mizzou's research engine 

Although the story of stem cell research is largely one 

of what isn't happening, a great deal is happening as the 

massive research engine at Mizzou motors along: 

· U.S. Department of Agriculture representatives have 

called MU's program in animal reproductive biology 

the best in the country. Work in that program results in 

biomedical advances for humans as well as animals. 

· The Department of Biochemistry in the School of Medicine 

is ranked No. 6 out of those at public medical schools. 

· MU researchers develop life-saving and life-improving 

drugs, including Zegerid"' for treating acid reflux and 

gastrointestinal disorders, plus various radiopharma

ceuticals for treating cancer. 

· MU researchers have won competitive grants in areas 

such as vascular health and organ printing, a process 

that could lead to creating organs for transplants. 

· After competition with other universities, MU now 

houses the following: one of the National Institutes 

of Health's (NIH's) major cancer-imaging centers and 

the only national center for rat genetic models. It soon 

will house the world's only clearinghouse for swine and 

their genetic material. 
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