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Biomedical
research

Thcrc are two routes to good health
— avoid getting ill or, if you do fall ill,
have rapid and effective cures at hand.
Unfortunately, people still get ill in our
imperfect world, despite good hygiene
and diet, immunisations, and not smoking.
Despite advances in surgery, medicine and
counselling, we cannot cure all illnesses.
Consequently, we still need to improve
preventive strategies and find new cures,
and need contributions from all kinds of
people, including biologists.

WHAT IS BIOMEDICAL RESEARCH?

Biomedical research is biological research
that, sooner or later, improves human
health. The range of investigations this
research covers may surprise you. Here
are four examples.

Fission yeast, Schizosaccharomyces
pombe, is used in Africa for making
millet beer. Its rod-shaped cells divide by
splitting into two equal parts. Over the last
40 years, it has become one of the most
important organisms for studying how cell
division is controlled. What has that got to
do with human health? Cancer is a disease
caused by loss of control of cell division —
if we understood how this control works,
we could more easily devise ways of dealing
with cancer. S. pombe is right at the centre
of cancer research.

Swordtails and platyfish, two related
kinds of tropical fish, have been studied
to show how the expression of one gene
is affected by the ‘genetic background’,
i.e. the other genes expressed in the
particular animal. It has been shown that
a gene that controls a pigmented spot on
the dorsal fin in platyfish leads to uncon-
trolled pigmentation and even melanoma

Figure 1 Xiphophorus sp.. (Top-left) Platyfish parent with ‘spotted dorsal’ marker.
(Top-right) Swordtail parent. (Second row left) F1 cross showing increased melanisation.
(Second row right) Swordtail parent to be backcrossed with the melanised F1 cross.
(Third and bottom rows left) Two normal offspring of backcross. (Third and bottom rows
right) Two hypermelanised offspring of the backcross. The melanised tissues may contain

cancerous areas.

(a cancer of pigment cells) when it is
bred into a swordtail background (see
Figure 1). This demonstrates elegantly
that ‘cancer genes’ are just normal genes
that have got out of control.

Although those two studies are relevant
to human health, it may take many years
before the discoveries can be put to use in

the prevention or treatment of disease.
Other studies have more immediate
impact.

Human bone marrow cells can be
cultured in plastic bottles in the laboratory.
If marrow from patients with leukaemia is
cultured, the leukaemic cells can be
removed from the normal cells, and the

Figure 2 Human chromosomes. A normal human metaphase spread stained (red) to show
the chromosomal localisation of a DNA sequence containing a specific gene, using fluores-
cence in situ hybridisation (FISH, but nothing to do with Figure 1! — see BioLoGICAL SCIENCES
REeviEW, Vol. 8, No. 4, pp. 2-5). (x 6000)
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[image: image2.jpg]normal cells returned to the patient to give
a greatly extended life span. The same
process of growing bone marrow cells could
also be the key to gene therapy (BIOLOGICAL
SciENces REVIEW, Vol. 6, No. 1, pp. 22-24),
since it is possible to put new genes into
these cells while in culture.

The study of human chromosomes
(Figure 2) is very important in the diag-
nosis and prevention of disease. Each cell
of the body should have two copies of each
chromosome, but errors sometimes occur
at meiosis, leading to three copies of a par-
ticular chromosome. Embryos with three
copies of chromosome 21, which produces
Down’s syndrome, can be. identified at a
very early stage of pregnancy, and parents
can be offered the opportunity of termi-
nating the pregnancy. The techniques that
make this possible originated from studies
on plant chromosomes.

WHO DOES IT?

The great scientists of the eighteenth, nine-
teenth and early twentieth century could
roam productively across the fields of
biology, geology, chemistry, physics and
mathematics: the modern scientist must
specialise. It does not matter too much
what your first degree is — many pro-
minent biomedical researchers started off
as physicists or chemists — but it is essen-
tial to get high grades and acquire some
expertise, so that you can choose from the
various opportunities available.

Once you have that relevant degree,
what careers are open to you? A medical
degree (an MB) is a wonderful back-
ground. Not all doctors want to spend their
time looking after patients, so many take
PhD or MD degrees and get involved in
laboratory or patient-based research. For
those with a science degree (a BSc) there
are several routes. The classic route is a
PhD degree, followed by a period as a post-
doctoral scientist and then a staff post in
a research institute, university or industry.
This is a tough route, requiring creativity,
skill, and hard work, and with no long-
term security for many years.

There are other kinds of researchers —
scientific officers, technicians and research
assistants — who often form the basis
of a research programme. The successful
execution and completion of a research
programme requires the ability to design
experiments or studies, the technical skill
to carry them out, and the understanding
to interpret the results in a meaningful
way. Such a combination of skills and
knowledge can usually only be gathered
together in a team; the research assistant
enables the programmes devised by team
leaders to reach a successful conclusion.
Some scientists with a PhD prefer to carry
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out the experiments rather than direct
them. Equally, there are those who start off
as research assistants and end up running
the show.

HOW DO YOU SUCCEED
IN RESEARCH?

" For every scientist, the fun comes from

understanding the purpose of the research
and being truly interested in its outcome.
Ideas are generated by reading the litera-
ture, attending lectures, and being curious
about why things happen the way they do.

You will need financial support —
for yourself and for the research. Most
biomedical research outside industry is
financed by grants from government
agencies and the medical research charities.
Pharmaceutical companies have their own
programmes of research, but they are most
likely to recruit experienced people.

Once you get into research, there are
some vitally important principles.

Biomedical research worker testing the
constituents of a drug in the laboratory
of a pharmaceutical company.

For all sorts of reasons that

Be honest
may seem good at the time, you may be
tempted to interpret results in your favour.
Always devise experiments to find out

whether or not something is true, so that
you cannot unconsciously bias the outcome
towards a desired result. You may even
find yourself wanting to provide the results
that the team leader is hoping for. As a
student I attended a meeting where two
eminent scientists claimed that they could
transfer the characteristics of a drake of
one breed of duck into another breed by
directly injecting DNA from the drake
into an egg of the other breed. Later, it
was learned that a helpful young scientist
had visited the laboratory one evening and
popped a drake in beside the ducks for an
hour or two, which gave the desired result
by perfectly conventional means!

Believe what you see Results must be
recorded accurately and interpreted as they
are. A totally unexpected result is often the
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[image: image3.jpg]Researcher handling bottles
containing human white blood
cells. These cultures are used to
provide DNA sequences for the
human genome project — a
study of the entire human genome
which has far-reaching biomedical
significance.

clue to something important. In
the early 60s I worked for a while
with Howard Temin in America.
At the time it was known that
DNA was the template for making
RNA. Howard, however, had some
results that suggested that RNA
could act as a template for DNA.
This was heresy! Fortunately, a
wise director of the laboratory
allowed Howard to pursue his
unorthodox ideas. Temin went on
to discover the enzyme ‘reverse
transcriptase’ that makes DNA on
an RNA template. A Nobel prize
followed and the process of
reverse transcription now lies at
the heart of much modern bio-
medical research.

So do record that awkward
point that does not fit on the curve — it
might be telling you something.

Don't get bogged down A lot of time
can be wasted in multiple repetitions of
observations just to acheive a statistically
significant result for some trivial point.

Find out about new methods that can
be applied to your research Sir Peter
Medewar, a Nobel prizewinner, called
research the ‘art of the soluble’. The art,
he explained, lies in identifying those
areas that are amenable to investigation
with the technology currently available.

Communicate your results to other scien-
tists It is fun doing experiments and a
pain writing them up. But you must follow
through — primarily to contribute to the
body of knowledge. but also because grants
and jobs will be hard to get if you do not
have a good publication record.

WHY DO IT?

It is great fun being free to pursue your
own ideas and seeing them work out. It
is also satisfying when another laboratory
confirms your results — one of my high
points came the first time | saw others
quote my work. It is also very
working with colleagues on the same wave-
length, whose ideas and technical expertise
add to your own.

Seeing your work published in a top
journal in your field is very exciting.
Presenting papers at scientific meetings

stimulating-

is also stimulating and rewarding — you
have to defend your work by answer-
ing questions, but the contacts you make
with other scientists may lead to future
collaborations.

You have to balance the positive aspects
against a down side. Many ideas do not
work out as you would wish, and although
a good solid negative result can be valu-
able, it is still disappointing. Also, much
research is repetitive and not all that
exciting to carry out. This is especially
tiresome if techniques which you know
can work prove difficult to establish in
your laboratory.

But perhaps the greatest disappoint-
ment comes if you get scooped. Your great
idea has worked out, you have written it
up promptly, and it is just about to be
published ... when a rival group publishes
the same result. It is awful at the time, but
just chalk it up to experience, check that
you are keeping up to date with what is
going on elsewhere, and get on with your
work. Being ignored is much worse!

Biomedical scientists may be moti-
vated for a variety of reasons. Often, they
want to be doing something useful.
Sometimes they may hope that a brilliant
piece of research will bring fame or fortune
or both. That can happen, but I would
not advise going into biomedical
for that reason alone. For many research
workers, the main driving force is intel-
lectual curiosity and the desire to test
your own ideas in a rigorously scientific
manner. B

THINGS TO DO

(D If you fancy a career in biomedical
research, prepare for it now. Some lab-
oratories take on students for a period of
study over the summer. This may lead on
to a longer-term relationship, or provide
a reference for job applications.

(2) Write to medical research charities
such as the Arthritis and Rheumatism
Council, the Cancer Research Campaign
and the British Heart Foundation. Most
publish a yearbook which gives a good idea
of current activities.

(3) As a group, consider the topic you
are currently studying, say mutation or
phagocytosis. Does it have any relevance
to biomedical research?

(4) Again as a group, take turns to put
forward an idea for a research topic, and
defend it against questions from the others.

David Harnden

Professor David Harnden trained as a
zoologist at the University of Edinburgh.
After his PhD on the control of cell division,
he worked for the Medical Research Council
on human chromosomes and also pioneered
the use of cultured human skin fibroblasts.
In 1969 he became Professor of Cancer
Studies at the University of Birmingham,
developing research on cancer genetics.
Since 1983 he has been Director of the
Paterson Institute for Cancer Research, a
large biomedical research institute attached
to the Christie Hospital in Manchester.
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