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What is a Cell?
Cells are the fundamental structural and functional units within living organisms. All living
organisms consist of one or more cells. With the exception of bacteria, all organisms are made
of eukaryotic cells, which have a membrane-enclosed nucleus and organelles (e.g.,
mitochondria, endoplasmic reticulum, and ribosomes). The nucleus within each cell contains
the hereditary information for the entire organism, encoded within DNA.
In multi-cellular organisms, cells differentiate and specialize. Specialized cells organize into
tissues (e.g., muscle, blood, bone, fat, nerve), which make up organs (e.g., kidneys, heart,
stomach, lung), which, in turn, comprise organ systems (e.g., respiratory, digestive, excretory).
Genes that do not pertain to the functioning of each individual cell become inactive, or “turn
off.” For example, a kidney cell uses only the DNA needed to be a kidney cell. The remaining
information is “turned off,” but it is still present. There are more than 200 different types of
cells (nerve cells, muscle cells, epithelial cells, blood cells, bone cells, etc.) among the human
body’s estimated 100,000,000,000,000 total cells.
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Cloning Involves Making Identical Copies
In the simplest terms, cloning is the creation of a genetically identical copy of an original
organism. Plants are relatively easy to clone. Most people are familiar with the use of cuttings
or stem segments (such as the “eyes” of potatoes) to create new plants. Technically, the new
plants are clones of the original, because they are genetically identical to the parent plant. In
the wild, many different kinds of plants and animals use forms of reproduction that copy an
exact genotype. This type of reproduction (which is seen in grasses, strawberry plants, sponges
and flatworms, for example) often is referred to as asexual reproduction. Even fraternal twins
can be thought of as clones, because they have identical sets of DNA.
Molecular biologists use the term “cloning” to refer to a variety of processes that involve
making identical copies of part or all of a DNA molecule, a single cell type, or an entire
organism. DNA cloning technology, also referred to as molecular cloning, recombinant DNA,
or gene cloning, is a common practice in molecular laboratories today. A DNA fragment from
one organism is introduced into a self-replicating element (host) such as a bacterial plasmid.
Molecular biologists use DNA cloning to create many identical copies of a DNA molecule or
to isolate a particular stretch DNA (which involves making identical copies of the DNA of
interest).
In 1997, scientists used a somatic cell (a cell that is not an egg or sperm cell) from an adult
sheep to produce a reproductive clone via a process called somatic cell nuclear transfer
(SCNT). With this technique, scientists transferred the nucleus from a somatic cell of an adult
sheep into an egg from which the nucleus had been removed. This type of cloning, called
reproductive cloning, still is very rare and difficult to achieve for vertebrate animals.
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SCNT also is used in therapeutic cloning to produce many copies of stem cells. Stem cells are
undifferentiated cells that can be used as replacement cells to treat a variety of diseases and disorders.
The purpose of this type of cloning is not to produce another organism, but to generate copies of cells in
sufficient quantities for research and medical treatments.
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Recombinant DNA Technology
To clone DNA, scientists use restriction enzymes to cut out the specific DNA segment to be
replicated (copied). The segment then is inserted into a bacterial plasmid for replication.
Bacterial plasmids are circular DNA molecules distinct from the normal bacterial genome and
are capable of replicating separately. Once inserted, the recombinant DNA is replicated, along
with the host cell’s DNA. Plasmids can carry up to 20,000 base pairs of foreign DNA.
Human insulin often is produced by recombinant DNA technology. The human insulin gene is
inserted into a bacterial plasmid and can be induced to produce vast quantities of insulin for
the treatment of diabetes. Other specific applications of recombinant DNA technology include
the production of human growth hormone, erythropoietin for kidney dialysis patients, clotting
factor for hemophiliacs, and hepatitis B vaccine. Although viruses, bacterial artificial
chromosomes (BACs), and yeast artificial chromosomes (YACs) also may be used for
replicating DNA, bacterial plasmids are most commonly used in this technology.
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Brief History of Cloning
The concept of vertebrate animal cloning was introduced seriously in 1938. Early stages of
cloning research incorporated a process called “twinning.” Twinning takes a fertilized egg
(after a sperm has naturally fertilized the egg) and waits until it divides into two identical cells.
These cells then are separated and each is implanted in a mother. The resulting offspring are
genetic twins or identical clones.
Early attempts at animal cloning always used embryonic cells. Remember, as an organism
develops, cells differentiate and specialize (nerve, kidney, etc.). Once cells specialize, some of
their DNA “turns off” and becomes inaccessible. Using an embryonic cell for cloning
bypasses this hurdle, since all of the DNA still is accessible.
In the 1980s, researchers selected embryos at early stages of development and used individual
cells to create clones. For example, scientists might have taken a four-cell embryo, broken it
up and isolated each of the four cells. Each of these cells then could produce a whole organism
on its own, and each new organism would be identical to (or a clone of) the others. However,
it was not until 1997 that researchers were able to take a somatic cell from an adult organism
and use it to produce a cloned embryo that developed into an adult organism, genetically
identical to the donor organism.
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Somatic Cell Nuclear Transfer (SCNT)
To understand how somatic cell nuclear transfer (SCNT) works, we must first understand a
few things about cells. SCNT uses two principle types of cells—a somatic cell and an egg cell.
A somatic cell is an adult cell or any nucleated cell in the body that is not an egg or sperm cell
(gamete or germ cell). Egg cells are female reproductive cells (gametes) that can be fertilized
by a sperm cell (also called gametes) to create an embryo.
Remember that the cell’s nucleus has DNA, which contains the blueprint of the entire
organism. Using SCNT technology, researchers remove the nucleus from a somatic cell and
from an egg cell. The nucleus from the somatic cell is injected into the enucleated egg cell,
thus replacing the nucleus of the egg cell with a nucleus from the somatic cell. Using electric
current or chemicals to stimulate cell division, the cell is reactivated. The egg cell begins
dividing, producing two, four, eight… cells. Even though the entire cell nucleus has been
replaced, some of the clone’s genetic material is contributed from mitochondrial DNA found
in the cytoplasm of the donor egg cell. Therefore, the resulting organism will not be an exact
copy if the donor of the egg cell and the somatic cell are from different donors.
SCNT was first described in 1983 in amphibians and was later demonstrated in work with
sheep and mouse embryos in 1986. Accumulation of technology and data led to the first
successful mammal clone, using SCNT, in 1997, when Scottish scientists at Roslin Institute
created a sheep named Dolly.
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Somatic Cell Nuclear Transfer (SCNT): Dolly – The First True Clone (1997)
The first successful outcome using SCNT to produce a viable organism was a sheep named
Dolly. Scientists removed the nucleus from a mammary (breast) cell of a six-year old sheep
and injected it into an empty sheep egg cell. Electric current was used to “shock” the nucleus
to begin mitotic division (nuclear division). After a certain number of cell divisions, the ball of
cells was implanted into a pseudo-pregnant sheep. (Pseudo-pregnant sheep are female sheep
given hormone injections to prepare the uterine lining so the SCNT-created embryo will be
accepted readily.) Dolly was born as the first reproductively cloned animal.
As described on the slide, the researchers were able to combine 434 eggs with nuclei. Only 29
of those 434 eggs actually started to divide. All 29 were implanted into pseudo-pregnant
sheep. Out of these 29, only one sheep, Dolly, was born. Thus, the first successful attempt had
a success rate of 0.2%. This demonstrated for the first time that the DNA in a somatic cell
(specifically, a breast cell) still contained all the information needed to direct the formation of
an entire organism, and that this information could be made accessible again in the adult cell.
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Stem Cells Can Become Any Tissue In The Body
Once a fertilized embryo begins cell division, it eventually forms a hollow ball of cells called a
blastocyst. The cells in the inner layer of the blastocyst at this stage of development still are
not specialized and are capable of becoming any cell type in the body. They are referred as
stem cells.
Stem cells can be removed from the inner cell mass of the blastocyst and plated into a petri
dish. Stem cell cultures grown in the laboratory may be used to generate specialized,
differentiated cells. Natural chemicals, such as proteins, are added to the stem cells to mimic
the chemicals the inner cell mass would be exposed to in its normal environment. By adding
the natural chemicals in the correct sequence, scientists are potentially able to program stem
cells to become any kind of cell needed to treat a given disease, disorder, or damaged tissue.
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Stem Cells and Therapeutic Cloning
Once the Somatic Cell Nuclear Transfer (SCNT) process has been used to create a zygote, the
zygote divides and forms a ball of cells, called the morula. As the morula matures, separate
external and internal layers of cells form. The blastocyst stage begins when the inner mass of
cells separates from the outer ring of cells. The cells (blastomeres) making up the inner mass
are stem cells capable of becoming any cell in the body (pluripotent). The blastocyst is not
allowed to progress past the 14-day stage. The importance of stem cells produced by SCNT is
that they are a perfect genetic match to the donor somatic cell. This eliminates all rejection
issues associated with tissue transplants.
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Why Use Cloning Technology?
Current research is focusing on how to “program” stem cells to become other cell types, such
as insulin-producing pancreas cells, heart muscle cells, or nerve cells. Through cloning
technology (SCNT), an individual could, in theory, produce all the material needed to repair
his or her own body using his or her own cells. This would eliminate tissue rejection problems
and long waiting lists for replacement tissues and organs.
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Therapeutic Cloning vs. Reproductive Cloning
Therapeutic cloning offers a potential mechanism for repairing defective, diseased, or
degenerating tissues that avoids problems associated with tissue rejection. For many disorders,
a traditional transplant is not an option. Scientist hope that therapeutic cloning can one day
offer a cure for a wide range of diseases, such as cardiovascular disease, diabetes, autoimmune
disease, cancer, osteoporosis, Alzheimer’s disease, and Parkinson’s disease, as well as severe
burns, spinal cord injuries, and birth defects. Therapeutic cloning does not involve
reproductive cloning because development is stopped at the blastocyst stage.
Recall that in reproductive cloning, somatic cell nuclear transfer (SCNT) is used to produce an
embryo, which then is implanted into the uterus of a female. The pregnancy, if carried to term,
will produce an identical copy (a “clone”) of the somatic (adult) cell donor. However, unlike
portrayals in science fiction movies, these “clones” would not contain the same personality or
memories as the donor individual. While the clone would be genetically identical, he or she
would be as similar or dissimilar as an identical twin would be. His or her personality and
memories would be the product of the individual environment and experiences. All of the
environmental insults (such as exposure to harmful UV sunlight or toxic chemicals) to the
DNA of the somatic cell will be transferred to the clone.
Another significant consideration with reproductive cloning is the associated health risks to the
cloned organism and the mother. Cloned animals, from sheep to cows, have experienced
significant health effects, including premature and advanced aging and a wide range of other
problems, which scientists do not fully understand. Approximately 98% of all cloning attempts
fail.

In the US, laws are being considered to outlaw reproductive cloning, but not therapeutic
cloning. Most scientists do not support reproductive cloning. For more information, visit
http://stemcells.nih.gov/
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