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On mammalian neurogenesis

Reynolds BA, Weiss S. (Neuroscience Research Group,
Department of Pathology and Department of Pharma-
cology and Therapeutics, University of Calgary Faculty of
Medicine, Alberta, Canada.) Generation of neurons and
astrocytes from isolated cells of the adult mammalian
central nervous system. Science 1992;225:1707-10.

SUMMARY
The authors report that they could induce cells, isolated from
the striatum of the adult mouse brain, to proliferate and
differentiate in vitro. They plated enzymatically dissociated
striatal cells from 3- to 18-month-old adult mice in a serum-free
culture medium containing epidermal growth factor (EGF).
After 2 days in vitro, it was found that although most of the cells
died, some were undergoing division. Later, these cells formed
a proliferating sphere. Further experiments demonstrated that
the presence of both EGF and a non-adhesive substratum was
required to initiate the division of isolated striatal cells. Cell
proliferation was absent when platelet-derived growth factor or
nerve growth factor was used instead of EGF or with an adhesive
substrate poly L-ornithine. The cells were immunoreactive for
nestin, an intermediate filament found in neuroepithelial cells,
but were negative for either neuron-specific enolase (NSE) or
glial fibrillary acidic protein (GF AP). The cells continued to
proliferate when re-plated in the presence of EGF and in the
absence of adhesion factors. After several divisions, cells were
seen to migrate from the core of the spheres. The migrated cells
resembled either -neurons or astrocytes. They were a mixed
population, immunoreactive for GFAP, NSE, nestin and
neurofilament (168 kD). Cells with neuronal morphology were
al\;o immunoreactive for gamma amino butyric acid and sub-
stance P, two of the major neurotransmitters of the adult
striatum in vivo. However, the cells were negative for
methionine encephalin, neuropeptide Y and somatostatin, the
other neuropeptides present in the striatum.

COMMENT
This study demonstrates that, under appropriate conditions,
cells isolated from the striatum of the adult mouse brain can
acquire antigenic properties of neuroepithelial stem cells
with restricted expression of neurotransmitters. In the adult
brain, a population of embryonic stem cells exist in a dormant
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non-proliferative state and these cells may be manipulated in
vitro after isolation to divide and differentiate into neurons
and astrocytes.

The discovery is interesting for three reasons: it disproves
that neuronal cells are incapable of division, it promises new
insights in developmental neurobiology, and it provides
exciting prospects of using adult central nervous system
(CNS) cells as a source for autologous or heterologous cell
transplantation.

While the embryonic brain has cells with the potential to
divide and produce both neurons and glia, this potential ends
before adulthood. The general belief is that the adult CNS
does not have progenitor cells with the capacity to regenerate.
Hence the adult brain cannot replace neurons after irreversible
injury. Now it appears that cells with regenerating potential
are present in the adult brain as well. This surprising finding
follows the observation which challenged another existing
view that the CNS represents an immunologically privileged
site. Together, these conceptual changes are likely to
broaden the vistas of research in neurobiology.

Several questions arise on the presence of multi po tent
precursor cells in the adult mammalian brain. Why do these
cells not react and respond after brain damage? Do they pro-
liferate after injury, but not differentiate into cells with
recognizable activity? What mechanisms regulate their
growth and differentiation? Is it possible to manipulate their
behaviour in vivo? Can these cells be used for transplantation?

The implications of these findings on research in neural
transplantation are obvious. Recent experimental work has
suggested that neuronal stem cells cultured from the foetal
brain are capable of differentiation when transplanted into
adult brain lesions. This approach has potential for the
therapy of degenerative diseases of the human nervous
system. Adult stem cells could provide substitutes for the
non-functioning neurons. However, the initiation of cell
division, proliferation, differentiation and expression of
neurotransmitters are dependent on specific in vitro condi-
tions. Much more work needs to be done before adult stem
cells can eventually be manipulated in vivo to replace degen-
erated or injured cells in the CNS. It is important to identify
the factors which stimulate the dormant cells to divide and
differentiate.
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SUMMARY
In women with breast cancer there is a known relationship
between long term survival and axillary node involvement,
tumour size and age. The authors studied whether a history of
pregnancy was independently associated with involvement of
the axillary nodes. One hundred and eighty-six women who
received radiation therapy for breast cancer were' examined
between 1988 and 1991. Information on the distribution of
various risk factors such as age, race and number of past
pregnancies was obtained by a questionnaire administered by a
registered nurse. Axillary lymph nodal status was obtained by
clinical examination and from the histopathology reports.


