[image: image1.jpg]Concepts, definitions and ideas of interest to biologists are explaine;

what is...7 Please tell us of any topics you would like to see included.

N .
euroscience is the study of the nervous

N system. This includes the central nervous
system — the brain and spinal cord — and
the peripheral nervous system — the nerves
in the rest of the body. The topic also covers
animals and the study of invertebrate
and vertebrate systems, but the focus of
this article is the human central nervous
system, mainly the brain.

People who are interested in neuroscience
can work in a wide range of areas, from
computer science to psychology, and can inves-
tigate a variety of important questions. Why do
we dream? Why do we forget things? How do
we feel pain? What is the cause of schizophrenia?

Can stroke patients make a full recovery? These and
many related challenges mean that neuroscience is one of
the most exciting areas of scientific research. The already
rapid build-up of knowledge and the development of new
techniques mean that the answers to many questions are
at last within our grasp. There will be many major scientific
breakthroughs to look forward to in the near future.
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Brain basics

The human brain is pink, wrinkled, feels like soft tofu and
weighs approximately 1kg. It is extremely complex, with
more than 10 billion neurones and over 50 billion other
types of cells. The brain monitors and regulates uncon-
scious body processes such as breathing and heart rate.
It coordinates voluntary movement such as running and
speaking, mediates ‘cognitive’ processes such as thinking
and memory, and determines personality. To do all this,
the brain uses a massive 20% of the body’s energy supply,
although it accounts for only 2% of body

mass (see BIOLOGICAL SCIENCES REVIEW, Vol. 22,

No. 4, pp. 22-25). Blood vessels run to all
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Figure 1 Structure of the human brain. The brainstem controls
autonomic (involuntary) functions and relays messages from the brain
to the spinal cord. The cerebellum controls muscle coordination and
balance.

the cerebrum (see Figure 2). The cerebellum is at the back
of the brain and its main job is to coordinate movements,
posture and balance. Damage to this part of the brain
would make movements jerky. The brain stem connects
the cerebral hemispheres to the spinal cord and deals with
vital body functions, such as breathing and heartbeat.

The human nervous system contains billions of
neurones, with electrical signals passing from one to the
other across synapses (see BIOLOGICAL SCIENCES REVIEW,
Vol. 21, No. 2, pp. 2-6). Neurones enable the brain to carry
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delivers glucose and oxygen to the brain.
There are three main parts of the brain —
the cerebrum, cerebellum and brain stem (see
Figure 1). In humans, the cerebrum is the
largest part of the brain, and it is divided into
two halves called hemispheres. Each cerebral
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untington’s disease (HD) is a progressive neurodegenerative
isorder that normally becomes apparent in people aged 35-44.
affects muscle coordination, resulting in an unsteady gait and
nvoluntary jerking movements. There is also loss of mental
ability — loss of memory and capability for abstract thinking —
ending in dementia.

HD is caused by an autesomal dominant mutation in a gene
alled Huntington. Any child of an affected mother or father
with one mutated gene has a 50% chance of inheriting the
disease. If both parents have one copy there is a 75% chance of
inheritance, and if either parent has both genes mutated then all
hildren will be affected. Genetic testing is possible and genetic
counselling is available for those people considered at risk.
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Possession of the mutation results in a gradual degeneration of
specific areas of the brains The Huntington gene, discovered in

gene leads to an increase in the number of CAG repeats — the
higher the number the greater the severity and earlier onset
of the disease. The aberrant protein produced by the muta-
ion (MHTT) misfolds and forms aggregates in the nucleus and
cytoplasm of brain cells, leading to cell death. Several parts of
he brain are affected but the primary damage occurs in the
striatum. The striatum is part of the basal ganglia, which play a
ey function in behaviour and movement control.

Efforts to control this disease are ongoing. One possibility is stem
cell therapy. There have been some positive results using animal
models. It has also been suggested that a form of gene therapy
nown as gene silencing has the potential as a treatment for HD.
All cells use short pieces of double-stranded RNA to degrade
RNA of a particular sequence. If RNA could be designed to
match the RNA copied from a mutated Huntington gene then
mHTT would not be produced. However, there is currently no

1993,.has a series of the sequence cytosine-adenine-guanine
Hunt-

(CAG) — the code for glutamine, so the resultant normal
ington protein (HTT) is a polyglutamine chain. Mutation of
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Figure 3 Diagram of the blood supply to the head, showing an
embolism (blockage) in the cerebral artery, which can cause a stroke.
An embolism is usually caused by a blood clot.

out its functions but neurones are delicate and quickly die if
they aren’t given enough glucose or oxygen. Unlike cells in
many other parts of the body, most neurones can'’t replace
themselves, so we gradually have fewer neurones as we
get older.

What can go wrong with the brain?

There is a wide range of diseases that can affect the brain
and spinal cord. Some diseases, such as Huntington’s
disease, are due to faulty genes (see Box 1). Other diseases
can occur during development, for example spina bifida
(see Box 2). Some degenerative diseases, such as Alzheim-
er’s disease, occur later in life. Many psychiatric disorders
including depression, schizophrenia and bipolar disorder
may be caused by chemical imbalances in some areas of
the brain. For instance, some cases of schizophrenia may
be caused by imbalance between neurotransmitters called
dopamine and glutamate that regulate emotions.
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Spina bifida is a disease of the spinal cord that occurs during devel-
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pina bifida can be surgically closed after birt
e nerve damage that occurs in the affected
Surgery can also be completed prior to birth
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e neural tube normally closes around 28 days after fertilisation, so
is possible to detect spina bifida by testing the mother's blood or

a is one of the most common birth defects, with an average

births. Research shows
by up to 75% if women

supplements of folic acid before conception.

but this does not cure
part of the spinal cord.
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but it is unclear how safe and effective this procedure is. The opera-
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Stroke is the

third commonest cause of death in the UK, following heart

attack and cancer, an
disal

is responsible for most of the adult
ility in the UK. A stroke occurs when there is a blockage

in, or a leak from, a blood vessel in the brain (see Figure 3),
meaning that part of the brain doesn’t get enough oxygen
and the fragile neurones die. Eating healthily and doing
exercise reduces the risk of stroke, because this keeps blood
vessels clear from fatty deposits that might block them. At





[image: image3.jpg]Figure 4 Light micrograph of human brain tissue from a patient with Alzheimer’s disease,
showing an amyloid plaque (circular lump on the left) and neurofibrillary tangles. x440

Figure 5 Light micrograph of a section through a neurone (brown) containing a Lewy body
(round, light brown). This abnormal deposit of protein is a feature of Parkinson’s disease. x1230

present, strokes caused by blood clots can be treated with
drugs that dissolve the clot to avoid the risk of haemorr-
hage, but this is only effective within 3 hours of a stroke.
There are currently no other treatments for stroke, so this
is an area that needs a lot of scientific research.

Alzheimer’s disease is the fourth most common cause of
death in the UK, and is the most common cause of dementia
(see BIOLOGICAL SCIENCES REVIEW, Vol. 22, No. 4, pp. 34-37).
Research has shown that patients with Alzheimer’s disease
have ‘plaques’ and ‘tangles’, which are deposits of a protein
called amyloid, in areas of the brain that control memory
(see Figure 4). These plaques and tangles disrupt the organ-
isation of the brain, which kills neurones. Most forms of
dementia can’t be cured, although research is continuing
into developing new drugs, vaccines and treatments. The

main drugs that are currently in use are acetyl-
cholinesterase inhibitors. These drugs work by
preventing the breakdown of acetylcholine,
which is an important neurotransmitter, and
can temporarily treat some of the symptoms of
dementia but can’t cure the disease.

Parkinson’s disease affects one of the regions
of the brain that controls motor functions, so
patients have difficulty moving, have tremors,
or become rigid. Parkinson’s disease is thought
to occur due to lumps of a protein in the brain
known as Lewy bodies (see Figure 5), which
damage neurones that produce dopamine.
Parkinson’s disease can be idiopathic (of no
known cause) or could be caused by certain
genes, toxins (such as pesticides), head trauma
or the use of recreational drugs. As yet, there is
no cure for Parkinson’s disease but medication
such as L-dopa (which is converted to dopamine
in the body) can help to relieve the symptoms.

Epilepsy occurs when the electrical signals
which pass between neurones become
deregulated, which can lead to a seizure and
convulsions. There are over 40 types of
epilepsy, where different things such as flashing
lights can trigger seizures, and people can have
different types of seizure. Thankfully, with the
right anti-epileptic drugs, up to 70% of people
with epilepsy can control their seizures, and
there are now over 20 types of drug available to
epilepsy sufferers in the UK. Some anti-epileptic
drugs are associated with side effects but these
occur in rare cases. However, the remaining 30%
of epilepsy patients still have difficulty control-
ling their seizures, posing a major problem that
requires further medical research.

How can we treat brain diseases in
the future?

When the brain is injured by stroke or head
trauma, it becomes inflamed as part of an
immune response, like the swelling that occurs
with a cut finger (see BIOLOGICAL SCIENCES
Review, Vol. 23, No. 1, p. 42). Inflammation
in the brain can harm brain cells and kill neurones if it
goes on for too long, so anti-inflammatory drugs are useful
treatments for these problems. Anti-inflammatory drugs are
also used to treat Alzheimer’s and Parkinson’s disease when
the brain is inflamed for a long time, so these drugs have many
possibilities.

Another way to treat brain diseases is to use ‘neuro-
protective’ drugs. These protect neurones and prevent them
dying, so that brain functions can still be carried out. So far,
treating stroke patients with neuroprotective drugs has not
been very beneficial. However, the main problem may have
been that patients weren't given the drugs early enough,
so that a lot of neurones had already died by the time they
received the treatment. Further research is being carried
out in this area.
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[image: image4.jpg]Also under investigation is gene therapy, which involves
putting a new gene into the brain to help combat the
effects of a brain disease, or to replace a faulty gene that
was responsible for the illness. Recently, scientists have
used gene therapy to stop the progression of adreno-
leukodystrophy, a fatal neurodegenerative disease caused
by a single faulty gene. The faulty gene means that the
myelin sheath, which insulates neurones (see Figure 6), is
degraded. Doctors can now collect bone marrow stem cells
and replace the faulty gene with a corrected version before
transplanting the cells back into the patients. The corrected
gene then protects the myelin. Similar success stories might
be a thing of the future.

A further area of research is using stem cells to treat
brain diseases. Stem cells are able to renew themselves and
can grow into many different types of cell, so can be used
to repair damaged tissue. Stem cells can become neurones
and carry out brain functions that might have been lost
when the previous neurones died. A centre in Germany
has successtully treated patients with Alzheimer’s disease,
Parkinson’s disease and stroke using adult stem cells to
replace cells that had died or become faulty. The method
involves collecting stem cells from a patient’s bone marrow
in the hipbone. The cells are processed in a laboratory to
check the quantity and quality, and then transplanted back
into the patient. The cells can be either surgically implanted
into the brain or injected into the cerebrospinal fluid,
which transports them up the spinal cord and into the
brain. However, many questions still surround the use of
stem cells in this way. In particular, it is not clear how the
stem cells transform into different cell types, or how well
adult stem cells become part of the tissue. More research
is needed into stem cell behaviour, and into the diseases
that they could be used to treat. This approach may lead to
effective cures for diseases for which there is currently no
treatment.

What else do neuroscientists study?

Neuroscience involves biology, chemistry, physics, maths
and psychology, along with a lot of problem solving and
creative thinking to come up with new ideas and approaches.
Neuroscientists work on a wide variety of questions, in

TERMS EXPLAINED

Autosomal Relating to a chromosome that is not a sex
chromosome.

Cerebrospinal fluid A clear liquid that surrounds, cushions
and provides nutrients to the brain and spinal cord.

Convulsions When a person’s body shakes rapidly and
uncontrollably due to muscle contractions.

Dominant gene The form of the gene that is always
expressed in the phenotype of an organism.

Myelin A fatty substance that insulates neurones and
enables them to send and receive signals correctly.

Psychiatric An area of medicine concerned with preventing,
diagnosing and treating mental iliness.
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Figure 6 Cross section of a motor neurone with myelin sheath.
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with cells or animals,
including invertebrates,
in a laboratory. Some
neuroscientists work on
genes and molecules in cells, examining development of
the nervous system or how cells behave in a healthy and
injured brain or spinal cord. Neuroanatomists study the
structure and workings of the nervous system by dissection
and visualisation techniques; cognitive and behavioural
neuroscientists look at brain functions by doing different
types of brain scans to study brain activity.

Clinical neuroscientists, along with psychiatrists and
other medical specialists, work to develop new ways to
diagnose and treat diseases of the brain and spinal cord,
alongside caring for patients. From these studies and by
working together, neuroscientists learn how the nervous
system develops and functions normally and what goes
wrong in disease. As you can see, there is a lot to do.

To become a neuroscientist, students should complete
science-based A-levels (or equivalent) and do a degree in
neuroscience or a life science topic involving aspects of
neuroscience.
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Things to do

P> Give your brain a workout — try some of these brain
puzzles: www.brainhealthandpuzzles.com, www.braingle.com/
P> Go along to Brain Awareness Week, a worldwide event
that happens in March.

P> Learn more about stem cells, what they could be used for
and about the ethical issues of using fetal stem cells.

P> See what happens in a day in the life of a neuroscientist
at the University of Manchester: www.ls.manchester.ac.uk/
forthepublic/whatdoscientistsdo

Lauren Summers is a PhD student in the Faculty of Life Sciences
at the University of Manchester, researching new ways to help
brain cells survive after a brain injury.
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