Stem Cell Therapy for Your Brain
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There are a variety of mental and neurological problems that plague the human
population. Some statistics indicate that 1 in 6 people have some form of mental illness [1].
Some mental illnesses are temporary, like acute anxiety or depression resulting from life changes
or stress. Other neurological problems are permanent, like autism spectrum disorder (ASD) and
schizophrenia. Some disorders are progressively degenerative like Alzheimer’s Disease (AD).
Researchers have been struggling to understand the mechanisms behind the causes of these
permanent and degenerative neurological disorders. Much progress has been made recently,
especially in the last five years, in developing therapies to reverse neurological abnormalities.
Stem cell therapy has been one of the most promising areas of research.

Our brain, like the rest of our organs, develops in the womb from a small group of
precursor cells called stem cells. Stem cells that will become brain cells are neural stem cells
(NSCs). In the early embryo NSCs initially form a tube, and as development proceeds they
produce cells that migrate outward, eventually forming the upper layers of the brain capable of
higher-level thinking [2]. As the NSCs produce new cells and migrate outward, they also
differentiate into many different types of brain cells: neurons and support cells for neurons
(called glia). When cells undergo this process of differentiation, it means that the new cells have
different genes “turned on or off.” In fact, the distinction between any different cell types in the
body is the different pattern of genes that are on or off; when a gene is “on” the cell is making a
specific protein coded for by that gene, and when a gene is “off” the cell is not making a protein
from the gene.

The cells of the body do not function in isolation. Cells communicate with each other by
sending out molecular signals. Surrounding cells respond to those signals by changing their
behavior. This can include changes in the functions being carried out by the cell, changes in
cell-to-cell communication, and even changes in where the cell will migrate to in the surrounding
tissue. Environmental factors can also act as signals that affect gene expression and cellular
behavior. For example, the cells of a developing embryo in the womb can be affected by

molecules circulating in the mother’s blood, which could be proteins produced by mom or toxic



substances. Exposure to brain-reactive substances while the brain is developing in the womb is
one of the major risk factors for the development of neurological disorders [3, 4, 5].

In general, neurons are tree-shaped, with hundreds of branches reaching out and
connecting with other neurons. This neural connectivity is part of the brain’s composition and
affects its function. Immune cells in the brain are in charge of pruning the connections between
neurons. This helps to create stronger connections between some neurons, while removing
connections between other neurons. Two waves of neural pruning take place as children
develop. As we see on the public service announcements on television, the first five years of life
are very important for stimulating neural connections in order to maintain them. This is because
the first wave of neural pruning takes place during this time. The second wave of typical neural
pruning takes place in the teenage years before brains reach the maturity of adulthood.

While the neural pruning process may be an evolutionary device to help us become
sharper and more focused on the mental skills that help us survive into adulthood, it becomes a
detrimental developmental process for some individuals predisposed to neurological disorders
and mental illnesses. Improper brain development that may have occurred in the womb is then
exacerbated by the natural pruning process. The rearrangement of neural connections during
childhood development may suddenly reveal abnormalities [6]. These abnormalities may have
been hidden before due to a more balanced and uniformly connected brain composition.

Neurological disorders present themselves at various stages of life. ASD is an early
developmental disorder in which symptoms typically arise before the age of three. In contrast,
the average age of onset of schizophrenia and bipolar disorder ranges from late adolescence to
mid-twenties, during or after the second wave of pruning. Neurodegenerative diseases cause an
unnatural wave of neural pruning, which leads to reduced connections between neurons and
neuron death. Symptoms of neurodegenerative diseases, like AD, usually appear in people in
their mid-60s, but there are also early onset forms of neurodegenerative diseases. For example,
early onset AD can affect people in their 30s and 40s and Huntington’s disease affects adults of
all ages [7]. The loss of neurons causes a person to deteriorate in brain and bodily functions until
death.

Studies using model organisms are showing promise in the use of NSC transplantation as
a therapy for the reduction or reversal of neurological symptoms [8, 9]. The transplanted NSCs

respond to signals from the patient’s brain cells by generating new neuron subtypes in the



appropriate composition. The NSCs grow, divide, differentiate, and migrate. The new neurons
that are produced change the composition of the brain and improve neural connectivity.
Researchers have measured the effects of these changes in the brain and, in some cases, have
seen a reversal in neurological dysfunctions [8, 9]. While there is still much work to be done to
ensure neural stem cell therapies can be safely administered to humans, the scientific community
is very hopeful. Most neurological disorders have very limited treatment options and no cures.
The current progress in the field of regenerative medicine suggests that stem cell therapies will

eventually provide effective treatments or cures for a litany of neurological disorders.
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