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Mice Cloned from Olfactory Cells

Researchers have successfully cloned a mouse using mature olfactory
neurons as the genetic donor. The scientists credit the idea for the
experiments to Woody Allen whose classic comedy Sleeper depicted
scientists who try to clone a dead dictator from his nose.

The current study aims to answer longstanding questions about the
developmental potential of mature cells. In doing their experiments, the
researchers were seeking to determine whether a single mature olfactory
neuron, when introduced into an egg, or oocyte, depleted of its nucleus, could
revert to an undifferentiated state in which it could give rise to an adult
mouse possessing the full range of olfactory receptors.

Indeed, the resulting mice exhibited an array of well organized odorant
receptors that were indistinguishable from those of normal mice, the
researchers reported on February 15, 2004, in an article published in an
advance online publication in the journal Nature. The research was
performed in the laboratories of Rudolf Jaenisch at the Whitehead Institute
for Biomedical Research at MIT, and Richard Axel, a Howard Hughes
Medical Institute investigator at Columbia University. Co-lead authors on the
paper were Kevin Eggan in Jaenisch's laboratory and Kristin Baldwin in
Axel's laboratory.

“Our study demonstrates for the first time that animals can be derived from
the nucleus of mature neurons following transfer into the oocyte. Because the
cloned animals are normal, our experiment also shows that [some] brain
functions do not involve genetic alterations of the neuron's genome,” said
Jaenisch.

According to the researchers, previous cloning efforts had failed to clone
animals from the nuclei of any mature “post-mitotic” cells such as neurons -
that is, those that had ceased dividing to produce new cells.

A central question, said the scientists, was whether mature cells had
undergone certain irreversible genetic processes, such as gene
rearrangements, that would prevent them from reprogramming their nuclei to
allow totipotent development. These processes might interfere with the cell's
ability to become totipotent, a property of certain stem cells that permits them
to differentiate into any cell type



The researchers chose olfactory neurons as the source of genetic material
because previous research had suggested that these cells might undergo gene
rearrangements during development. Whatever the underlying process
involved in generating their spectacular diversity, olfactory neurons are
distinguished by their ability to randomly express any one of some 1,500
diverse odor receptor genes. Such genes give rise to the protein receptors on
the surface of the neurons that detect specific chemical odorants.

In their efforts, the researchers in Axel's laboratory generated mice with
olfactory sensory neurons tagged using genetic marker molecules. Using
standard cloning techniques, the researchers in Jaenisch's laboratory then
isolated individual neurons, removed nuclei from the tagged cells and
introduced the nuclei into mouse eggs from which the nuclei had been
removed. When these eggs were introduced into surrogate mother mice, the
resulting offspring proved viable and fertile. Furthermore, they exhibited the
normal pattern of odorant-receptor gene expression and organization of
odorant receptor genes.

According to Axel, the cloning achievement eliminates one potential
mechanism and narrows the possible ways in which a cell chooses one of
thousands of receptor genes. The findings also demonstrate that the
developmental changes are reversible.

Axel said that the cloning technique should be broadly applicable. “From a
mechanistic point of view, it's very important to be able to investigate
whether irreversible changes in the DNA accompany development,
differentiation and maturation,” he said. “This approach, although
technologically demanding, affords an opportunity to detect those changes
that are irreversible in virtually all cells.”

Axel emphasized that their experiments had no application to the newly
announced achievement by South Korean scientists in cloning human
embryos. “Our experiments were performed largely to address problems in
neuronal diversity,” he said.



