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From the Editor
Hype has been much in the news lately. Lord Winston
chose it as his topic at last year’s BA meeting. Steve Jones
in the Daily Telegraph has lamented the hyping of genetic
research. And Miodrag Stojkovic claimed in an interview
in the Sunday Times that aggressive PR around his
group’s stem cell work was a significant factor in his
decision to move his research to Spain.
There is a temptation to blame the press, for
sensationalising reports or omitting any of the nuances
that normally shade progress in research. But that cannot
be the whole story. In recent years, sources of news have
become increasingly adept at providing stories in ways
that encourage their take-up by the media. Journals,
universities, companies and, yes, funding agencies
compete to have ‘their’ findings brought to the
attention of mass audiences.
The motivations are usually straightforward. Media coverage
can be seen as recognition of importance. For universities,
this can boost profile. For collecting charities, media
coverage can reassure donors that something is being
achieved with their money (and, of course, it may
encourage them to be even more generous). For journals,
it shows that they are publishing groundbreaking research.
Newspapers share none of these motivations. Their goal
is to sell more newspapers. They are skilled at presenting
science in a way that will attract readers. ‘Breakthroughs’,
controversy and conflict are inevitably more newsworthy
than small incremental advances.
Does this actually matter? A piece of science may get
coverage and a newspaper gets its story. The public is
better informed about science. Doesn’t everyone win?
As Steve Jones points out, though, the public is not
always well served. Typically, any genetic discovery
becomes a ‘gene for’ something, a wholly misleading
view of biology. Over the long term, moreover,
a constant emphasis on potential medical benefits
runs the risk of raising false expectations.
There is a danger that a Faustian contract can develop.
In an understandable desire to attract publicity, PR
activities can sign up to a model that is not in
anyone’s long-term interest.
On the other hand, people working in science generally
share an excitement about the achievements and
potential of medical science – and a desire to
communicate that to wider audiences.
In Wellcome Science we aim to share the excitement but
avoid the hype. So our article on the potential clinical use
of stem cells (pages 12–14) may seem downbeat, but it
aims to give a realistic assessment of where we are today
and where we may be going. The prospects are exciting
but most researchers believe routine clinical use is still
some way off. That doesn’t make for great headlines
but may better reflect what is actually happening.
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TOPICAL UPDATES
CHROMOSOME ENGINEERING

Extra help
Above:
Human
chromosome
21 (green)
among mouse
chromosomes
(blue). From
O’Doherty et al.

Above:
Redheads are
more sensitive
to pain.
Rex Features

Geneticists have managed to transplant most
of human chromosome 21 into mice to produce
an animal model of Down’s syndrome.

The engineered mice showed a number of symptoms
seen in people with Down’s syndrome, such as
memory, brain function and heart defects.

Down’s syndrome arises when people carry an extra
copy of chromosome 21 in their cells. How this causes
Down’s symptoms, though, has remained frustratingly
unclear – partly because no animal model exists. This
obstacle may now have been overcome, thanks to the
work of scientists from London and Newcastle.

Until now, it has been possible to transfer only
single genes or chromosomal fragments into mice.
Transferring nearly an entire chromosome is a
technical tour de force, and the resulting model will
help scientists better understand the role of individual
genes in the disorder.

The researchers extracted human chromosomes and
injected them individually into mouse embryonic stem
cells. Cells that had an extra copy of chromosome 21
(one or two cells out of tens of millions) were injected
into early-stage mouse embryos, and the chimeric
embryos were then implanted into foster mothers.
Offspring with human chromosome 21 in their cells
were then bred further.

O’Doherty A et al. An aneuploid mouse strain carrying human
chromosome 21 with Down syndrome phenotypes. Science
2005;309(5743):2033–7.

HUMAN GENETICS

PAIN

Redhead receptor

Mind over matter

People have red hair because they possess a variant
melanocortin-1 receptor gene. This also affects their
sensitivity to pain and pain relief.

How we think about pain can significantly affect
what we experience – and the neural basis of this
modulation is being revealed.

The melanocortin-1 receptor affects pigmentation
across the animal world, from human hair colour
to bird plumage. Interestingly, though, it also has
an influence on other aspects of physiology –
including pain responses.

Pain is good for us, warning us that something is awry
with our bodies. Far from being a crude warning siren,
it can be subtly influenced by other brain processes.

NHPA

Jeffrey Mogil and colleagues at McGill University
in Montreal, Canada, recently discovered that some
variants of the MC1R gene make people and mice
more sensitive to pain and to pain relief mediated
through the kappa-opioid receptor in the brain.

A Norwegian
group has
found that a
blue variant
of the Arctic
fox results from
the insertion
of an extra
cysteine into
MC1R. The
mutation also
suppresses
seasonal
changes in
coat colour,
suggesting
that this too
is linked
to MC1R.

Clinically, though, pain relief mediated through
the mu-opioid receptor is more important. Now,
the McGill team has found that mice lacking a
functional MC1R gene, as well as human redheads,
are also less sensitive to painful stimuli and more
responsive to a morphine-like compound that acts
through the mu-opioid receptor.

A good example is the placebo effect – where a dummy
pill or intervention has therapeutic benefit. Jon-Kar
Zubieta and colleagues at the University of Michigan
recently discovered that placebo treatment led to
measurable changes in the mu-opioid receptor system
in the cortex – the target of several pharmacological
painkillers – and other areas of the brain. Activity
correlated with the subjective assessment of pain
levels described by subjects.
The study thus provides a mechanistic link between
a psychological response – expectation of pain relief –
and a physiological reaction.

The redhead variants of MC1R have been thought
to be non-functional versions of the receptor.
However, Kimberley Beaumont and colleagues in
Brisbane have found that they may still be active,
but coding changes in the MC1R gene prevent the
receptor being transported to the surface of the cell.

In a similar vein, Tetsuo Koyama and colleagues
used functional brain imaging techniques to examine
how anticipated pain influences experienced pain.
Activation levels in several brain areas increased as
people either experienced or imagined more intense
pain, but dropped significantly when subjects simply
expected a low level of pain. Their subjective
assessment of the pain was also lowered.

Mogil JS et al. Melanocortin-1 receptor gene variants affect pain
and mu-opioid analgesia in mice and humans. J Med Genet
2005;42(7):583–7.

Zubieta JK et al. Placebo effects mediated by endogenous
opioid activity on mu-opioid receptors. J Neurosci
2005;25(34):7754–62.

Beaumont KA et al. Altered cell surface expression of human
MC1R variant receptor alleles associated with red hair and skin
cancer risk. Hum Mol Genet 2005;14(15):2145–54.

Koyama T et al. The subjective experience of pain: where
expectations become reality. Proc Natl Acad Sci USA
2005;102(36):12950–5.

Vage DI et al.
Peptides 2005;
26(10):1814–7.
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ADDICTION

Choice cuts

Cue jumping
Blocking drug-related memories may help drug
addicts kick their habit.
For addicts trying to come off drugs, people, places
and objects previously linked with drug-taking can
become associated with the expectation of a drug
‘high’, setting off powerful cravings. Now, work
on rats by two groups suggests that the triggering
of drug-seeking by environmental cues can be
blocked by manipulation of brain chemistry.

Insects have poached a molecule from the nervous
system to fight microbial invaders. The result is an
immune response that is more sophisticated than
anyone had anticipated.
Unlike humans, who produce millions of different
antibodies, insects were thought to depend on a small
number of molecules to combat infections. But new
results suggest that a complex gene is enabling fruit
flies to drum up a wide repertoire of defence proteins.
The product of this gene, called Dscam (Down’s
syndrome cell adhesion molecule), is best known
as a brain-wiring receptor, involved in guiding new
axons on growing neurons. It is unusual because it
has 115 coding exons, which are brought together
in different combinations to encode an astonishing
38 016 protein variations.
In mammals, such tremendous versatility is seen
only in the immune system, which prompted Fiona
Watson and colleagues from Harvard Medical School
to look beyond the nervous system of the fly for this
molecule. They discovered Dscam proteins at work
in the fruit fly’s immune cells.
Microarray analysis confirmed that the insect’s
immune system expresses a wide variety of Dscam
proteins. The authors speculate that Dscam may be
acting like a primitive antibody, guiding scavenging
cells to a particular pathogen.
But how does one gene produce such myriad forms?
Brenton Graveley at the University of Connecticut
Health Center has found that part of the answer lies
in its RNA. Dscam has 48 alternative versions of
exon 6, only one of which is ever used in a mature
messenger RNA. A segment of each exon 6 RNA is
complementary to RNA in a neighbouring intron,
creating a secondary structure in the RNA, which
ensures that one and only one of the 48 possible
exon 6s is actually used (see above).
For invertebrates, Dscam represents an ancient process.
Flour beetles, which are on the evolutionary timescale
far apart from flies, share this pathway. In humans,
however, Dscam does not seem to play an immune
role and encodes very few proteins.
Watson FL et al. Extensive diversity of Ig-superfamily proteins in
the immune system of insects. Science 2005;309(5742):1874–8.
Graveley BR. Mutually exclusive splicing of the insect Dscam
pre-mRNA directed by competing intronic RNA secondary
structures. Cell 2005;123(1):65–73.

Above:
Social settings
can set off
cravings
for drugs.

In the first study, researchers at the University of
Cambridge targeted a brain protein known as Zif268.
Found in the amygdala, Zif268 has been implicated
in the reconsolidation of conditioned responses.
When antisense DNA fragments complementary
to the Zif268 gene were injected into the amygdala,
the rats stopped responding to environmental cues
that normally triggered cocaine-seeking behaviour.
Meanwhile, a group at the University of California,
Irvine, targeted another brain region involved in
reward-related behaviour, the nucleus accumbens.
The researchers inhibited a kinase known as MEK,
and hence blocked the ERK (extracellular signalregulated kinase) signalling pathway, which is
normally active when rats seek out cocaine.
These new approaches show that drug-related
responses are malleable and can be disrupted. The
scientists are hopeful that these treatments would
not affect other forms of memory and that a similar
approach could be used on humans.
Lee JL et al. Disrupting reconsolidation of drug memories
reduces cocaine-seeking behavior. Neuron 2005;47(6):795–801.
Miller CA, Marshall JF. Molecular substrates for retrieval and
reconsolidation of cocaine-associated contextual memory.
Neuron 2005;47(6):873–84.

STEM CELLS

Growing pains
Human embryonic stem cells grown in the
laboratory accumulate errors in their DNA.
If stem cells are to be used clinically, it is likely
that they will have to be grown in culture.
Researchers have long feared that embryonic
cells could behave unpredictably when cultured.
Concerns have focused on mutations – changes
to DNA sequence – and epigenetic changes,
such as methylation, that alter gene activity.

Above:
Stem cells
in culture
accumulate
mutations.
A Cavanagh

An international team compared human embryonic
stem cells grown in culture for a prolonged period
with recently cultured cells. They documented
significant changes in the ‘older’ cells, including
epigenetic changes, mutations and genomic changes.
The researchers suggest that quality assurance will
be essential in any clinical application, and that
‘old’ cell lines may not be suitable for clinical use.
Maitra A et al. Genomic alterations in cultured human embryonic
stem cells. Nat Genet 2005;37(10):1099–103.
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TASTE

Bitter sweet
Right:
Cats have a taste
for all things fishy
but lack a sweet
tooth.
Rex Features

Why are humans so sensitive to bitter tastes while
cats turn up their noses at sweets?
Mammalian taste receptors on the tongue recognise
bitter, salty, sour, sweet and umami (savoury) stimuli.
Cats, oddly, seem immune to the attractions of sweet
things – and Xia Li and colleagues have discovered why.
In mammals, sweet and umami stimuli are recognised
by three receptors: T1R1, T1R2 and T1R3. T1R1 and
T1R3 combine to form the umami receptor, while
T1R2 and T1R3 combine to form the sweet receptor.
Li et al. discovered that the gene for T1R2 appears
to be non-functional in cats. This is the case in all
members of the cat family tested so far (including
tigers and cheetahs) and may be linked to their
evolution into carnivores.
Why do humans respond differently to bitter tastes?
Nicole Soranzo and colleagues suggest that bitter
sensitivity evolved early in human history, as an
ability to recognise potentially toxic substances

Above:
Nematodes can
remember the smell
of benzaldehyde,
found in marzipan.

C Gunn
Sugita M, Shiba
Y. Science 2005;
309(5735):781–5.
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Li X et al. Pseudogenization of a sweet-receptor gene accounts
for cats’ indifference toward sugar. PLoS Genet 2005;1(1):27–35.
Soranzo N et al. Positive selection on a high-sensitivity allele
of the human bitter-taste receptor TAS2R16. Curr Biol
2005;15(14):1257–65.

SENSES

HERESY

Learning worms (and mice)

Restocking the ovary

Researchers have begun to identify the neurons
and synaptic pathways involved when animals
learn to respond to specific tastes and smells.
All animals learn from their use of taste and smell.
However, the underlying pathways of learning have
remained elusive.
Nematode worms can learn, though their neuronal
architecture is comparatively simple. Jean-Jacques
Remy and Oliver Hobert have identified neurons
responsible for ‘olfactory imprinting’, a learned
behavioural response in which adult worms respond
better to an attractive chemical if they are exposed
to it during a critical developmental period.

Makoto Sugita
and Yoshiki
Shiba have
found that
distinct neural
circuitry
is activated
in mice in
response
to bitter
and sweet
or umami
(savoury)
flavours.

in new food sources would have provided a selective
advantage. By studying variants of the bitter taste
receptor TAS2R16 in 60 human populations, they
found evidence for positive selection of variants
conferring increased sensitivity to the bitter taste of
harmful molecules known as cyanogenic glycosides.

They identified a single pair of neurons responsible
for the olfactory imprinting response to benzaldehyde,
which gives marzipan its distinctive smell. Surprisingly,
these were not the sensory neurons that detected the
chemical, but a specific pair of interneurons linking
the sensory neurons to the worm’s brain.
Meanwhile, a group at Rockefeller University in New
York has shed light on the way worms learn to avoid
a negative cue – pathogenic bacteria. Although the
nematode worm feeds off bacteria, it is also preyed on
by other species. The worm can ‘remember’ the odours
of different bacteria, and avoid the dangerous ones.
The aversive learning seems to involve serotonin acting
on an ion channel in sensory interneurons.
Remy JJ, Hobert O. An interneuronal chemoreceptor
required for olfactory imprinting in C. elegans. Science
2005;309(5735)787–90.
Zhang Y et al. Pathogenic bacteria induce aversive
olfactory learning in Caenorhabditis elegans.
Nature 2005;438(7065):179–84.
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What’s been discovered?
Stem cells from the bone marrow establish
themselves in the ovary and develop into oocytes.
And who did it?
Jonathan Tilly and colleagues at Harvard
Medical School.
Why is it such a big deal?
Received wisdom says that the ovary’s complete
set of eggs is present at birth; no new ones are ever
made. This would overturn decades of dogma and
have major implications for treatment of female
infertility.
What did they do?
In mice, the researchers discovered that
new oocytes were still being made after birth.
More remarkably, some bone marrow cells
had characteristics of germline cells, and bone
marrow transplantation led to the repopulation
of ovaries in mice sterilised by chemotherapy.
Is everyone convinced?
Not yet. A key test will be whether the supposedly
bone-marrow-derived eggs can be fertilised and
develop into an adult mouse.
Where can I find it?
Johnson J et al. Oocyte generation in adult
mammalian ovaries by putative germ cells
in bone marrow and peripheral blood. Cell
2005;122(2):303–15.
Johnson J et al. Setting the record straight on
data supporting postnatal oogenesis in female
mammals. Cell Cycle 2005;4(11):1471–7.

VOICE PERCEPTION
EDITOR’S CHOICE

Inheritance
What’s been discovered?
Our health may depend in part on the
environment experienced by our grandparents.
And who did it?
Marcus Pembrey, working with the ALSPAC
‘Children of the 90s’ team at Bristol and Lars
Olov Bygren in Sweden.
What did they do?
The ALSPAC study showed that the sons (but not
the daughters) of fathers who had started smoking
in childhood had relatively high body mass indices.
The Swedish work was based on detailed records
kept on a remote population, Overkalix in northern
Sweden, in 1890, 1905 and 1920. A link was
discovered between grandfathers’ food supply
and grandsons’ mortality (a similar correlation
was seen for grandmothers and granddaughters).
But the food shortages had to occur at key stages
in the grandparents’ development.
What might be going on?
Environmental factors (cigarette smoking,
undernutrition) seem to impact on germ-cell
development. These changes can be passed on to
further generations, suggesting a reprogramming
of the germline genome.
Why is it such a big deal?
Genetic influences on health may depend not just
on the genes you inherit from your parents, but
also on epigenetic modifications introduced
in earlier generations. “Such responses add an
entirely new dimension to the study of gene–
environment interactions in development and
health,” conclude the authors.

He says she says
Men who are accused of treating women’s voices
as emotional ‘noise’ may now have an excuse: their
brains. A new study shows that the male brain finds
the female voice harder to process, but can pick up
on emotional tone.
Because of the size and shape of a woman’s larynx
and vocal cords, the female voice is more complex
than the male voice. The female voice is imbued
with sound frequencies and a natural ‘melody’
that the male voice lacks.

Above:
The male brain
hears male and
female voices
differently.
Rex Features

Processing this complexity needs more brainpower,
and men might be expected to have trouble
understanding what women say. But new research
shows that men’s brains may be better at detecting
the musical quality of women’s speech.
Dilraj Sokhi and colleagues at the University
of Sheffield discovered startling sex differences
in how the brain interprets the human voice.
When men hear a female voice it activates the
auditory area of the brain that processes emotional
intonation. Male voices engage a simpler mechanism
at the back of the brain known colloquially as the
‘mind’s eye’. This is the part of the brain where
people compare experiences to themselves, so
a man compares his own voice to the new voice.
The findings might also explain why people who
hear voices usually hear a man. Some 40–60 per cent
of people with schizophrenia experience auditory
hallucinations. Usually, they hear a false male voice
rather than a female.
Sokhi DS et al. Male and female voices activate distinct regions
in the male brain. Neuroimage 2005;27(3):572–8.

Pembrey ME et al. Sex-specific, male-line transgenerational
responses in humans. Eur J Hum Genet 2006;14(2):159–66.

SOUND PERCEPTION

Music in mind
Two recent studies provide a tantalising view
of how our brains recognise pitch.

tone missing, suggesting that pitch information
is encoded through the analysis of periodicity.

The pitch of a sound is an acoustic quality that gives
us recognisable notes from musical instruments – high
C, middle C, etc. It derives from the fundamental
frequency of a sound wave, plus ‘harmonics’ –
multiples of the fundamental frequency. The pitch
of a sound is independent from its other qualities,
allowing us to identify ‘the same note’ on a piano,
guitar or flute. How the brain achieves this feat,
however, has never been explained.

The location of these neurons correlates to pitchsensitive areas in human brains. Greater insight has
been provided by Isabelle Peretz and colleagues, who
studied people with congenital or acquired amusia
(tone deafness). Using electroencephalography (EEG),
they found abnormal brain activity in the right half
of the brain in people with congenital amusia.

A new study by Daniel Bendor and Xiaoqin Wang
shows that specific, pitch-sensitive neurons exist
in the auditory cortex of the monkey brain. These
neurons respond not just to pure tones (such as
middle C) but also to harmonics with the fundamental

Above:
The brain can
pick out the same
note played on
many different
instruments.
Rex Features

As well as providing insights into the brain’s ability to
discriminate pitch, this research raises the possibility
of ‘retraining’ the brains of children with amusia.
Bendor D, Wang X. The neuronal representation of pitch
in primate auditory cortex. Nature 2005;436(7054):1161–5.
Peretz I et al. Abnormal electrical brain responses to pitch
in congenital amusia. Ann Neurol 2005;58(3):478–82.
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AUTISM

Serotonin susceptibility
The nature of the genetic influence on autism is
unclear. Now, a possible susceptibility gene links
the condition to the brain’s serotonin pathways.
Above:
Some cases
of autism may
be related
to serotonin
transporter
gene mutations.

Serotonin metabolism is disturbed in some conditions
with abnormal behaviour patterns similar to autism.
The serotonin transporter (SERT) – the target
of the serotonin reuptake inhibitor (SSRI) class
of antidepressant drugs – is a candidate autism
susceptibility gene, but no convincing links
have been established.
Nevertheless, a susceptibility locus does exist
on chromosome 17, right by the SERT gene.
Changes at this position mainly seem to affect
boys, so researchers at Vanderbilt University in
Tennessee undertook a detailed analysis of the
DNA around the SERT gene just in affected males.
In several cases of autism and rigid-compulsive
behaviour, the group found changes to DNA at the
SERT locus (SLC6A4). They suggest that a range of
rare mutations at this position may underlie some
cases of autism.

Above:
Women’s body
odour preferences
change during the
menstrual cycle.
Rex Features

While these studies implicate disrupted serotonin
signalling in autism, the results need to be interpreted
with caution. Other studies have found no linkage to
SLC6A4, and several other genes have been identified
recently as possible susceptibility loci.
Together, the studies emphasise the complexity of
autism genetics. The real benefit of genetic studies
is that they can lead to a better understanding of the
mechanisms of disease – which, in turn, will provide
leads to novel therapies.
Sutcliffe JS et al. Allelic heterogeneity at the serotonin
transporter locus (SLC6A4) confers susceptibility to autism and
rigid-compulsive behaviors. Am J Hum Genet 2005;77(2):265–79.
Devlin B et al. Autism and the serotonin transporter: the long
and short of it. Mol Psychiatry 2005;10(12):1110–6.

BODY ODOUR

MALARIA

Telling smells

Attractive smells

Human body odour is distinctive, albeit not always
pleasant. It appears to be influenced by our genes
and may even affect our chances of mating.

The malaria parasite seems to alter the odours
given off by infected children, making them more
attractive to mosquitoes.

Working with the Twin Research and Genetic
Epidemiology Unit at St Thomas’ Hospital in London,
Craig Roberts has been exploring the genetic basis
of human body odour. A possible hereditary element
to body odour was suggested by Francis Galton as long
ago as the 1870s.

As anyone plagued by mosquitoes will know,
the insects seem to show marked preferences for
particular victims. Attractiveness to mosquitoes
seems to depend on several factors, such as body
temperature and odour. It has long been suspected
that infection might increase attractiveness, as this
would help the parasite spread. But this has been
difficult to test experimentally.

Roberts and colleagues found that human sniffers
could match identical twins (but not non-identical
twins) by smell better than expected by chance,
even if the twins lived apart.
These results suggest a link between genetic
inheritance and body odour. Might this have any
reproductive or evolutionary significance? Other
research from Roberts and colleagues in the Czech
Republic suggest that it could.
They found that women’s body odour preferences
changed during their menstrual cycle – when in the
fertile phase they tend to prefer men who score highly
on a psychological test of dominance. The authors
suggest this could reflect an evolved preference for
males with high-quality genes. Together, the two
studies emphasise the potential importance of odour
in shaping human social and reproductive behaviour.
Roberts SC et al. Body odor similarity in noncohabiting twins.
Chem Senses 2005;30(8):651–6.
Havlicek J et al. Women’s preference for dominant male odour:
effects of menstrual cycle and relationship status. Biology
Letters 2005;1(3):256–9.
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The serotonin transporter was also implicated by
Bernie Devlin and colleagues in Pittsburgh, who
looked at the inheritance of SERT alleles of different
lengths in families with autism. They discovered
a higher than expected incidence of a ‘short’ allele.
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Now, Jacob Koella and colleagues in France and
Kenya have shown that malaria infection does make
people more attractive to mosquitoes – but only
during the stage of infection when it is transmissible
to mosquitoes. Crucially, the researchers compared
biting frequency in the same people when infected
and after treatment. The search can now begin for
the chemical signals that attract mosquitoes, and for
the changes in host physiology triggered by infection.
Odours can also be a mosquito’s downfall. Spiders
do not suck blood, but an East African jumping
spider, Evarcha culicivora, does live off vertebrate
blood – by devouring blood-filled mosquitoes.
Remarkably, the spider can spot a blood-engorged
female mosquito by sight or by smell.
Lacroix R et al. Malaria infection increases attractiveness
of humans to mosquitoes. PLoS Biol 2005;3(9):e298.
Jackson RR et al. A spider that feeds indirectly on vertebrate
blood by choosing female mosquitoes as prey. Proc Natl Acad
Sci USA 2005;102(42):15155–60.

SCHIZOPHRENIA

SCHIZOPHRENIA

Creative thinking

Cause and effect
The origins of schizophrenia remain contentious.
Recent studies provide evidence for a range
of genetic and environmental influences.
Despite decades of study, the causes of schizophrenia
remain hotly debated. It is a multifactorial disease, and
four recent studies report possible environmental,
biological and genetic factors.

Above:
Disseminated
toxoplasmosis
of the epididymis
in an individual
with AIDS.
© SB Lucas.
Courtesy of the
International Health
Image Collection

Schizophrenia, one of the world’s most common
mental disorders, is characterised by various forms
of odd thinking. In a sense, creative thinking is also
‘odd’ – or at least different from the norm.

One possibly is that the prenatal environment may
contribute to susceptibility. Evidence has come from
an unusual source – the survivors of famines. A Dutch
study found an increased incidence of schizophrenia
in the offspring of survivors of a wartime famine (the
‘Dutch Hunger Winter’), and now an investigation
of the Chinese famine of 1959–61 has found a similar
correlation. The suggestion is that pregnant mothers’
poor nutrition affects the development of their
babies’ brains, predisposing to schizophrenia.

Brad Folley and Sohee Park have explored this
relationship using a test of divergent thinking,
which required subjects to make up uses for a
range of conventional and ambiguous objects.
They compared three groups – individuals with
schizophrenia, ‘schizotypal’ individuals (who show
mild symptoms of schizophrenia) and controls.

As for environmental effects, a study of all Swedish
children born between 1963 and 1983 (more than
2 million in total) revealed a significant link between
schizophrenia and socioeconomic adversity in
childhood. Those with four out of five measured
indicators of hardship had a 2.7-fold higher risk
of schizophrenia than those with none.

The schizotypal group turned out to be particularly
good at this task. A brain imaging tool, near-infrared
optical spectroscopy (NIRS), revealed high levels
of activity in the right prefrontal cortex (see above).

Many possible genetic links have been reported, but
one recent study also identified a potential biological
mechanism. An Edinburgh group found that an
individual with schizophrenia had a chromosomal
abnormality that disrupted a gene encoding a
phosphodiesterase. This enzyme is involved in the
cellular metabolism of cyclic AMP, which is known
to be involved in learning and mood. Furthermore,
the group showed that the enzyme interacted with
the product of another schizophrenia risk gene, DISC1.
This opens up the possibility that disruptions to cyclic
AMP signalling in neurons could underlie the
symptoms of schizophrenia.

Could some aspects of schizophrenia actually
provide an evolutionary advantage?
A possible link between madness and genius is
often postulated, not least because of the eccentric
behaviour of some well-known innovative thinkers.
But hard evidence is lacking.

The possible social impact of these findings has been
explored by Daniel Nettle and Helen Clegg, who
examined the possibility that schizotypal traits such
as enhanced creativity may attract members of the
opposite sex, leading to greater mating success. They
studied a large sample of UK poets, visual artists and
other adults, questioning them on their behaviour
and sexual activities. Two aspects of schizotypy,
including creative activity, were correlated with
mating success.
The persistence of schizophrenia is puzzling, as
any genetic components should be selected against.
These findings suggest that the disadvantages of the
severe disorder are balanced by the advantages seen
with mild forms of the condition, causing the genes
to persist in the population.
Folley BS, Park S. Verbal creativity and schizotypal personality
in relation to prefrontal hemispheric laterality: a behavioral and
near-infrared optical imaging study. Schizophr Res
2005;80(2–3):271–82.
Nettle D, Clegg H. Schizotypy, creativity and mating success
in humans. Proc R Soc Lond B Biol Sci 2006;273(1586):611–5.

Finally, a radically different possible cause: a parasite.
The single-celled Toxoplasma gondii is common and
can establish long-lasting infections in the central
nervous system. T. gondii also disrupts host behaviour.
In rats, it promotes ‘suicidal behaviour’ – the animals
seek out cats rather than avoiding them, helping
the parasite complete its life cycle. Moreover,
antipsychotic drugs can also kill parasites in vitro
and in vivo, and are as good as anti-T. gondii agents
in preventing the rats’ suicidal behaviour.
St Clair D et al. Rates of adult schizophrenia following prenatal
exposure to the Chinese famine of 1959–1961. JAMA
2005;294(5):557–62.
Wicks S et al. Social adversity in childhood and the risk of
developing psychosis: a national cohort study. Am J Psychiatry
2005;162(9):1652–7.

PRIONS, CULTURAL VARIATION IN VISION,
FUNGAL SEX
More Topical Updates can be found
at Wellcome Science Online.
www.wellcome.ac.uk/wellcomescience

Millar JK et al. DISC1 and PDE4B are interacting genetic factors
in schizophrenia that regulate cAMP signaling. Science
2005;310(5751):1187–91.
Webster JP et al. Parasites as causative agents of human
affective disorders? The impact of anti-psychotic, mood-stabilizer
and anti-parasite medication on Toxoplasma gondii’s ability to
alter host behaviour. Proc R Soc Lond B Biol Sci (in press).
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Why can’t we live
for ever?
The only certainties in life, said Benjamin Franklin, are death
and taxes. Don’t expect either to disappear anytime soon.

Above (from left):
Mitochondria
(D Furness); the
nematode worm
(D Becker); fruit-fly
oocyte; a mouse;
ageing skin;
ageing people
(A Sieveking).

The prospects for a longer life
currently seem rosy, at least
if you are a laboratory mouse.

is offered to the scientific team
that develops the longestlived mouse.

This year has seen headlines about
mice, engineered to produce lots
of antioxidants, that can live 20
per cent longer than usual, and
equally impressive gains for
animals altered to produce high
levels of a peptide hormone known
as Klotho (after the minor Greek
deity). Ultra-low-calorie diets,
big doses of vitamin E, and
even transferring ovaries from
a younger mouse into elderly
females also seem to extend
lifespan. Shepherds may say
that sheep are just looking
for new ways to die, but mice
seem to be susceptible to almost
anything that can make them
live a bit longer.

But for all his energy and
revolutionary zeal, Professor
de Grey is not actually doing
the research – his day job is as
a computer expert in a genetics
lab. And many researchers in
biogerontology are sceptical about
his predictions. That scepticism
came through recently when
Tom Kirkwood of the University
of Newcastle’s Institute for Ageing
and Health asked in Nature: “Why
must advocates of life extension
make preposterous claims about
imminent longevity gains if they
are to gain public notice?”

So what are the prospects for
a rather larger mammal that
normally lives 70–80 years, rather
than the mouse’s two, and very
occasionally makes it to 120 before
keeling over? Will what works in
mice work in humans?

By Jon Turney,
a science writer
based in London.
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There are well-publicised optimists
who think it will. The most often
quoted is Aubrey de Grey of
Cambridge, proponent of a big
expansion of research on what he
has called Strategies for Engineered
Negligible Senescence. He is also
one of the leading lights of the
Methuselah Mouse Prize, which
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Professor Kirkwood is the author
of the influential ‘disposable soma’
theory of ageing, that the body
decays because there is little
genetic interest in keeping it
going beyond reproductive age.
This means that he sees no
programmed limit to lifespan,
in mice or people. Ageing is
a biological sin of omission,
not commission. So perhaps we
could block whatever is doing
the damage. But, he stresses,
“this does not imply that major
increases in lifespan are imminent.
As we grow older the accumulated
burden of molecular and cellular
damage increases and the going
gets harder.”

Others in the field tend to agree.
One reason is simply that ageing
is very complex and we do not
know enough to make sensible
predictions. Caleb Finch of the
University of Southern California
says: “I have a simple view: we
don’t know what we don’t know
about ageing processes. So, what
can be said on future longevity?”
Linda Partridge of University
College London’s Centre for
Research on Ageing, well known
for work on fruit flies, backs
Professor Kirkwood. In any case,
she adds, “I think that we should
be working to promote health
during ageing rather than
increases in lifespan per se.”
Either way, she believes that
“progress will be gradual and
based on existing promising areas
of work, rather than saltatory and
based on unproven approaches”.
Her colleague David Gems, who
works on nematode worms, is
optimistic that the basic biology
of ageing will be understood in the
next decade or two. But he stresses
that how easily this translates into
treating or preventing ageingrelated diseases depends on what
ageing really turns out to be:
“There’s a huge margin of
uncertainty.” He suggests that
cancer treatments are a better
historical guide than, say,
antibiotics – and most cancers
remain incurable.

Martin Brand of the Medical
Research Council’s Dunn Human
Nutrition Unit in Cambridge
also urges caution. “There have
been spectacular increases in
lifespan caused by simple
treatments and mutations in
model organisms,” he concedes.
But he is mindful that flies and
mice in the laboratory tend
to live shorter lives than wild
strains. “I worry that these results
can be explained as putting right
bad husbandry of the model
organisms rather than affecting
ageing itself.”
An investment too far?
However, the most basic argument
against major extension of lifespan
for humans is a general one: that
the eventual triumph of entropy
can only be delayed, not denied.
Doug Wallace of the University
of California, Irvine, is an expert
on how damage accumulates in
the energy-generating organelles,
the mitochondria, through
the action of mitochondrially
generated reactive oxygen
species, one of the main classes
of free radical.
They damage not only the
enzymes that generate energy
but also the mitochondrial
DNA (mtDNA) that preserves
the information needed to repair
the organelle. “Once the mtDNA
becomes sufficiently compromised,
the mitochondrial power plants
go off-line and the cellular, tissue
and organ systems fail,” he says.
But while Professor Wallace
believes mitochondrial
degradation is crucial, he does
not believe that preventing
it would open the path to
immortality. Instead, he reads
the mitochondrial story as an
example of a broader principle.

He argues that lifespan is
determined by the balance
between the processes that
degrade our bodies’ systems,
and the investments our cells
can make in maintenance and
repair. Those investments cover
both the DNA coding for the
machinery needed to monitor
and correct cellular damage,
plus the allocation of resources,
particularly energy, to actually
make the repairs (including
repairs to DNA itself). “It follows
that the longer that individuals
wish to extend life the greater
the resources that will be needed
to achieve that end,” he says.
So in the end the cost will
exceed the benefit.
In other words, fix the damage
to the mitochondria, and
something else will bring
the system to a halt instead:
“As each life-limiting process
is countered, some other
process will become limiting.”
So while all these researchers
believe the current results
are valuable for advancing
understanding of ageing, and
age-related diseases, they do
not think they hold the key
to a society where death comes
only through accident or ennui.
Professor Kirkwood draws an
athletic analogy: “No one thinks
the current world record for the
mile represents the limit to how
fast this distance can be run.
The record can always be broken.
But no one seriously expects the
mile to be run in two minutes
any time soon.”

THE MECHANISMS OF AGEING

Cellular mechanisms of ageing. The cell is constantly
under attack from outside and inside – free radicals
(or reactive oxygen species, ROS) made during ATP
production. Various mechanisms protect our DNA,
proteins and cellular structures (violet rings). Ageing
may result from an accumulation of damage
to critical elements of cell function.

HOW TO LIVE LONGER
Eat less: Research on animals has shown that the
only surefire way to extend life is through dietary or
calorific restriction – eat just enough to stay alive.
You won’t have energy to do much, though.
Refrain from sex: In many species, having sex
seems to shorten lifespan. Resist temptation and you
might be blessed with more time in which to regret not
enjoying yourself more.
Be popular: Good social networks, happy marriage
and close family contacts promote longer life.
Choose your parents: There appears to be a
genetic contribution to longevity – long-lived parents
tend to give rise to long-lived offspring. As George
Sheehan put it to would-be athletes: “choose
your parents carefully”.

The science, medicine and social
impact of ageing are reviewed in
the 2006 Wellcome Focus, due
out this summer.

Further reading
Kirkwood T. Time of Our Lives: The Science of Human Aging.
Oxford: Oxford University Press; 2002.

Bordone L, Guarente L. Calorie restriction, SIRT1 and metabolism:
understanding longevity. Nat Rev Mol Cell Biol 2005;6(4):298–305.

Wallace DC. A mitochondrial paradigm of metabolic and
degenerative diseases, aging, and cancer: a dawn for evolutionary
medicine. Annu Rev Genet 2005;39:359–407.
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Rebuilding site
Bioactive scaffolds combine physical support with biological activity.
Above:
Heart muscle
cells grown on
a scaffold. From
Radisic et al. (see
further reading).

Advances in two fields –
nanotechnology and stem cell
biology – could open up an entire
new field of medicine: tissue
regeneration.
“Tissue engineering is a
combination of engineering,
biology, chemical engineering
and materials science,” says
Julian Jones, from Imperial
College London. “Its aim is
to stimulate the body’s own
regenerative system to restore
tissues and organs to their
original state. Scaffolds are
used to provide a framework
for regenerating tissue.”

By Christina Giles,
a science writer
based in London.
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The first kinds of implant to
be developed – still used for
devices such as heart valves, joint
replacements and in-eye lenses –
were made of non-biodegradable
synthetic materials, and did not
allow cells to adhere. The latest
biomaterials, however, are based
on porous scaffolds, which not
only allow cells to adhere to
them, but can be engineered
to have biological functions too.
“A bioactive scaffold is an artificial
extracellular matrix [ECM] that
you can engineer to signal to cells
and achieve a specific biological
outcome, such as cell proliferation
or differentiation,” says Samuel
Stupp, who is developing bioactive
scaffolds for tissue repair at
Northwestern University, USA.
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Cell differentiation
As scientists have begun to
understand better how cells
behave in the body, scaffold
design has become more
sophisticated. “A key step was
the realisation that there’s a twoway communication between a
cell and its environment,” says
Martin Humphries, Director of the
Wellcome Trust Centre for CellMatrix Research at the University
of Manchester. “Cells don’t just
float around and randomly anchor
to their surroundings. Anchorage,
differentiation, growth and
movement are all influenced
by the niche the cell finds itself
in, and creates for itself. Tissues
aren’t like jigsaws, staying fixed
in place. They need a framework
which allows them to grow and
develop over time.”
But how is bioactivity conferred
on a scaffold? First, signals can be
attached to targets. “Short peptide
sequences known to play a role in
cell adhesion can be used to create
sticky sites on scaffolds. They can
be masked with a chemical such
as polyethylene glycol and linked
via a cleavable sequence to
the scaffold,” says Professor
Humphries. “When a particular
cell approaches the scaffold it
might secrete an enzyme which
cuts the sequence, thereby
revealing the adhesion site
and allowing the cell to bind.”

The signal can also influence the
cell’s biology. A scaffold displaying
a short part of an ECM protein
called laminin, for example,
causes neural stem cells to
differentiate only into neurons.
This has huge potential in
central nervous system repair
and neurodegeneration disorders
such as Parkinson’s, Alzheimer’s
and stroke. In unpublished work
by Professor Stupp’s team, it was
found that nanofibres induce
regeneration of motor and
sensory axons in mice and rats.
Another way to cause biological
effects is to deliver proteins on
scaffolds. Certain growth factors
can be attached to scaffolds,
triggering stem cells to turn
into bone cells.
Finally, scaffolds can be used to
activate proteins that are already
present in the body. Antonio Mikos
from Rice University, USA, has used
scaffolds to trigger the growth of
blood vessels (angiogenesis) both
in a test-tube and in rodents –
something vital for cells to survive
and grow. “We showed that you
could jump-start feeding of a huge
number of cells, especially if
the tissue you’re growing has
a macroscopic structure,” says
Professor Mikos.

Moreover, it alters the entire
approach to scaffold design.
“What nanotechnology teaches
us is that we ought to use bottomup design, working from the nanoto the micro- to the macro-level.
In the pre-nano era most efforts
were focused on making different
kinds of materials, starting big
then getting smaller.”
The key to bottom-up design
in biology is self-assembly –
designing molecules that
spontaneously come together
to create a scaffold with known
properties. While some groups
work on self-assembling fibres that
are purely supportive, Professor
Stupp is combining self-assembly
and bioactivity, creating scaffolds
with precisely defined biological
properties.
First created in 2001, the scaffold
is made of nanofibres, linear
polymers comprising multiple
copies of a ‘peptide amphiphile’
monomer. The monomers are
designed such that they
spontaneously form cylindrical
nanofibres (see box, right) in an
aqueous environment – as found
inside the body.
Stem cells
But scaffolds themselves are
of little use to tissue engineers
without cells to seed on them.
And the most exciting prospect
is the use of stem cells. Because
of their developmental flexibility,
banks of stem cells could be used
in all kinds of tissue regeneration –

the properties of the scaffold
dictating which type of cell they
turn into.
“Stem cells are incredibly
promising as a therapeutic tool,”
says Professor Humphries. “It may
take longer than people expect,
and it is unlikely that simply
injecting a stem cell into a brain
or liver will accurately reproduce
the tissue…that’s not how organs
form.” Indeed, the environment
of a stem cell is turning out to
be key. “All basic work with stem
cells show that the presence of a
matrix makes a difference to their
behaviour,” says Professor Stupp.
Unsurprisingly, stem cells featured
heavily at the 2005 ‘Advances in
Tissue Engineering’ conference
held at Rice University, Texas.
“What a scaffold is made of
is important as cells interact
specifically with different
materials,” says Professor Stupp.
“The delivery of stem cells was a
critical issue at this year’s meeting.
Everything is tied in with how to
create the correct environment.”
As it is a field that draws on so
many different specialisms, it’s
clear that effective research will
require collaboration. “There’s a
big gap between researchers. Many
people working on scaffolds come
from the physical sciences, stem
cell researchers come from biology.
People will have to work together,”
says Professor Stupp.
The field looks set to continue to
grow, with scaffolds also being
tested for use in drug delivery and
gene therapy. “Tissue engineering
provides a new application to treat
diseases and heal defects, and now
we’re seeing the first results in the
form of product,” says Professor
Mikos. “It’s not science fiction
anymore, it’s a reality.”

Further reading
Silva GA et al. Selective differentiation of neural progenitor cells by
high-epitope density nanofibers. Science 2004;303(5662):1352–5.
Liu H, Roy K. Biomimetic three-dimensional cultures significantly
increase hematopoietic differentiation efficacy of embryonic stem
cells. Tissue Eng 2005;11(1–2):319–30.
Radisic M et al. Functional assembly of engineered myocardium
by electrical stimulation of cardiac myocytes cultured on
scaffolds. Proc Natl Acad Sci USA 2004;101(52):18129–34.

WHAT DOES THE FUTURE HOLD?
Professor Julian Jones, Imperial College London
“For direct and rapid bone regeneration, a successful
scaffold should have a highly interconnected porous
structure, have controlled resorbability, be bioactive
and be strong enough to survive under the stresses
that bones suffer. Tailored inorganic–organic hybrids
have the potential to fulfil these criteria.”
Professor Martin Humphries, Wellcome Trust
Centre for Cell-Matrix Research, Manchester
“The long-term future will probably focus on natural
or biomimetic matrices because giving a stem cell the
right environment controls how it develops, and this
can only be done with biological scaffolds.”
Professor Dame Julia Polak, Imperial College
London “Scaling up is the problem. At the moment,
people are working on microscopic amounts,
bioprocessing is necessary to scale up cells and
scaffolds for use in the clinic.”
Professor Samuel Stupp, Northwestern University,
USA “Future scaffolds will have to be even more
complex, we will have to make scaffolds that can
control spatial growth of different tissues in different
positions, e.g. in different compartments.”

JD Hartgerink

Nanotechnology
Coupled to these biological
developments, recent
advances in nanotechnology
are transforming tissue engineering.
“The introduction of nanoscale
structure is important as it
happens to be the same scale
as a cell receptor,” says Professor
Stupp. “You can take design
to a deeper level.”

WHAT DOES THE FUTURE HOLD?
Unsurprisingly, it is the tissue engineering applications
with the biggest potential markets that are emerging in
the clinic. Orthopaedic and cardiovascular approaches
are two of the most successful:
Orthopaedic
Among many exciting developments, medical
technology company Medtronic Sofamor Danek
has marketed a device for spinal application that
delivers bone morphogenetic protein-2 (BMP-2),
a naturally occurring protein that induces bone
and cartilage growth. A metal cage is filled with
a collagen sponge soaked in recombinant BMP-2.
As the bone grows to fuse the vertebrae together,
the collagen sponge dissolves.
Cardiovascular
Much progress has been made in the cardiovascular
field. In 2004, Professor Robert Langer and colleagues
showed that rat heart cells grown on collagen sponges
could be induced to align and couple electrically,
beating in synchrony. In June, scientists from Duke
University, USA, created robust arteries by culturing
cells from elderly people on polyglycolic acid scaffolds.
One of the major challenges remaining is to engineer
narrow diameter vessels.
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Stem cells – too fast
too soon?
The hottest topic in biomedical science may be poised
to leap from lab to clinic.

Above (from left):
Cell nuclear
transplantation
(J Nichols); human
embryonic stem
cells (Y Nikas);
neurons (S Elliman);
pancreatic tissue
(V Subramanian);
protein aggregate
in the brain
(Medical Microscopy
Sciences, Cardiff
University);

human heart
(Medical Art
Service, Munich).

Stem cell therapy seems almost
too good to be true: the chance
to mend or replace damaged
body tissue. Is it time to try it
on people or are we in danger
of getting carried away?
Stem cells, some say, are the
future of medicine. They have the
potential to treat and reverse many
of humanity’s ills. Instead of drugs
or the surgeon’s scalpel, stem cells
could become the body’s own
‘repair kit’. The prospects are
hugely exciting. But as stem cell
researchers accelerate towards
developing clinical applications,
some experts urge caution.
Do we know enough about
stem cell behaviour – and do
we fully understand the risks?
The concept of stem cell therapy
sounds simple enough. Put the
stem cells in the right place in
the body, and they will produce
new cells and renovate the tissue.
At least in theory, embryonic stem
cells can be converted into any
human tissue: insulin-secreting
cells to treat diabetes, dopamineproducing neurons for Parkinson’s
disease, skin cells for burn victims,
or heart cells to help repair the
damage of a heart attack.

By Lisa Melton,
a freelance writer
based in London.
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Heart help
In one field, cardiology, doctors
are forging ahead. People who have
had heart attacks are being given
their own ‘adult’ stem cells (see
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box), which are taken from their
bone marrow and injected into
a vessel feeding the heart. Ten
human trials of the marrowto-heart approach have been
completed in clinics around
the world, all but one with
positive results.
A medical success story? Not
everyone is convinced. “I think
the risk is very high,” counters
Jürgen Hescheler at the University
of Cologne in Germany, a stem cell
scientist and renowned critic of
the trials. “It’s too early to go into
humans.” Other researchers agree.
“Stem cell therapy does have a
future, but nobody benefits by
blazing a trail early on,” argues
Michael Marber, a cardiologist
at St Thomas’ Hospital in London.
“It artificially raises people’s hopes.”
Better therapies for heart disease
are certainly needed – the
condition is one of the West’s
biggest killers, accounting for about
one in five deaths. A heart attack
occurs when one of the organ’s
blood vessels becomes blocked.
The muscle supplied by that
vessel is starved of blood and dies,
causing the heart to lose pumping
power. Medicines help, but only
to a point; once cardiac muscle
dies, it cannot be renewed.
At least, that used to be
the thinking.

Then, in 2000, a ground-breaking
experiment in mice suggested that
adult stem cells from bone marrow
could develop into heart muscle.1
Excitement bordering on euphoria
rippled through the cardiology
community. This opened up the
possibility of treating the disease
with the body’s own cells. In the
mice the damaged heart was rebuilt
by a spectacular 68 per cent
and heart function improved
dramatically. Would it work
as well in humans?
Cardiologists wasted no time.
Within about a year, three
randomised clinical trials were
launched in Germany. The results
were hailed as a breakthrough.
On average, 40 patients who
received the stem cell therapy in
a Frankfurt-based study improved
their heart’s pumping capacity by
8 per cent compared with 4 per
cent in an untreated group. This
may not seem much, but it could
give someone the ability to walk
up a flight of stairs, for example.
An encouraging start
Unfortunately, the studies were
not placebo-controlled, and,
overall, the gains were modest.
“People are going ahead saying
this is safe,” says Dr Hescheler.
“For me this is not proven.” There
is an uncomfortable possibility
that the bone marrow cells injected

into the heart could develop into
other tissues, such as bone, skin
or even tumours.
So far, these problems have not
surfaced. Yet scientists doing basic
stem cell work are calling for a
deeper understanding of what
drives stem cells before rushing
to the clinic. They fear that if
people start being harmed it could
set back the field for many years.
On the other hand, there is
a precedent for cell therapy:
bone marrow transplantation.
“Transplanting bone marrow
is well established in clinical
practice for blood restoration,”
says Roger Pedersen, a professor
of regenerative medicine and
convenor of the Cambridge Stem
Cell Initiative. Indeed, bone
marrow transplants have a good
safety record and have been used
in clinical practice for decades.
Even so, critical issues need
resolving. “What remains
controversial is [the technique
of] putting cells into specific
organs. I think it remains to be
demonstrated to be effective,”
Professor Pederson notes. “The
response could be indirect, caused
by a growth factor. If so, the same
response could be accomplished
by a purified protein without
subjecting patients to the risks
of cellular transplants.”
In the UK, clinical research is
progressing. “This is a potentially
revolutionary treatment. It could
transform the lives of people
living with heart disease,” says
cardiologist Anthony Mathur
at Barts and the London Hospital.
What is needed now, he insists, is
a large-scale study to establish once
and for all whether the treatment
works. With cardiologist John
Martin, at University College
London, Dr Mathur is setting up
a four-year research programme,
the first of its kind to tackle this
question. It will be a 600-patient,
blinded, randomised, placebocontrolled trial run in London.
Supply and demand
Despite the uncertainties still
hanging over the technique,
stem cell transplantation ‘clinics’
have sprung up at sites around
the world, including Barbados,

the Dominican Republic, Bulgaria
and India. The Barbados operation
is primarily a centre for ‘cosmetic’
stem cell therapy. Clients receive
fetal stem cell implants that
supposedly have a rejuvenating
effect. How this effect might be
achieved, the head of the centre
acknowledges, is not known.
More seriously, for people with
incurable conditions, stem cells
mean hope where none existed
before. This understandably
creates great pressures to begin
human treatments as rapidly
as possible. Perhaps the furthest
advanced is Beijing neurosurgeon
Hongyun Huang from Chaoyang
Hospital, who uses cells from
aborted fetuses to treat patients
with spinal injuries and
degenerative disorders such as
multiple sclerosis, amyotrophic
lateral sclerosis and Parkinson’s
disease. At US$20 000 a go, it
is not cheap, yet people are
queuing up for treatment.
Dr Huang’s critics argue, however,
that his claims of success ride
on anecdotal evidence, with
little scientific backing. He has
published in Chinese journals
but not, so far, in peer-reviewed
Western publications, which
would mean his work could be
more fully scrutinised by the
research community. “Before we
carry on, we really need to know,
does this really work and what
is likely to be the mechanism,”
says Stephen Minger, a stem cell
biologist at King’s College London,
who will also be involved in the
upcoming cardiology trials in
London. Nevertheless, Dr Huang
remains adamant that the human
therapies he is pioneering will
work and will come to be accepted.
Commercial push
In the West, companies are eager
to move to the clinic. On the basis
of its work on animals, Californian
biotech company Geron argues
that human interventions are
likely be effective and safe for
people with spinal cord injuries.
They hope to start clinical trials
by summer 2006, injecting human
embryonic stem-derived neural
cells into patients with paralysing
spinal injuries.

The spinal injury trials will be
based on work led by Hans
Keirstead, a stem cell researcher
at the University of California,
Irvine. He restored some mobility
to rats with spinal injuries after
injecting cells derived from
human embryonic stem cells.
However, many scientists view
Geron’s plans with scepticism,
concerned that negative results
could damage the field.
The UK-based company ReNeuron
is also using fetal stem cells, which
it hopes to turn into a stable, offthe-shelf product, with all the
practical advantages of a
pharmaceutical drug.
“It’s a product suitable for all
patients,” says ReNeuron’s John
Sinden. “It is available for injecting
into the patient as and when
it is required.”
The company’s scientists have
genetically engineered these
cells with the c-myc gene to
create long-lasting stem cell
lines, circumventing the need
to rely on fetal tissue, which
is in limited supply.

STEM CELL LEXICON
The term ‘stem cell therapy’ actually covers a range
of possible approaches with different types of cell:
Adult stem cells: Progenitor cells that generate new
cells needed on an ongoing basis by adults. Typically
generate a restricted range of cells and occupy
particular niches in the body. Often difficult to isolate.
Difficult to distinguish ‘true’ stem cells and partially
differentiated cells.
Precursor cells: Partially differentiated cells, able
to divide and generate new specialist cells, but
of a limited number of types.
Embryonic stem (ES) cells: Cells isolated from
an early embryo, capable of giving rise to all the
cell types of an adult.
Therapeutically cloned embryonic stem cells:
ES cells generated following single-cell nuclear
transplantation. Cells generated will be genetically
identical to donor.
Fetal stem cells: Stem cells collected from fetuses
following terminations.
Cord blood stem cells: Cells from the embryo
present in blood vessels in the umbilical cord, with
the potential to form many different cell types. Could
be banked at birth and used later in life.
‘De-differentiated’ stem cells: Adult cells modified
to become like stem cells. Not currently available,
but being researched.
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NEWS ANALYSIS
INTERNATIONAL ETHICS
A group of 60 leading international scientists,
journal editors, regulators and bioethicists has
published a consensus statement calling for
greater clarity in international regulation of
stem cell research. The statement came out
of a three-day Wellcome Trust-funded meeting
held in February 2006 at the Wellcome Trust
Conference Centre, Hinxton, Cambridgeshire.

ReNeuron’s main focus is the
brain, says Dr Sinden. “We have
identified a cell line that is useful
for stroke, and there is evidence it
might be effective for Huntington’s
disease.” Reneuron is waiting for
IND (investigational new drug)
approval to start clinical trials
in the USA next year. “We are
confident that in 12 months
we could be in the clinic.”
Nevertheless, the use of genetically
modified cell lines has raised
concerns. The cells might grow
unchecked, giving rise to tumours.
ReNeuron has tracked transplanted
mice for six months without
detecting any such problems
and is now testing its cell line
in non-human primates (in the
USA) to address this question.
Embryonic science
Even more versatile than adult
stem cells are embryonic stem
(ES) cells. Taken from the very
early-stage embryo, these cells
are a ‘blank slate’ capable of
developing into any of the body’s
300 cell types. In principle, ES cells
could be used directly in patients,
or scientists could coax ES cells in
culture to become a desired cell
type before using them. This is
not an easy task. Understanding
the signals that normally instruct
these cells to choose a particular
pathway will take some time.
Even then, another big hurdle
remains. The implanted cells
would be recognised as ‘foreign’,
triggering a rejection-like immune
response. One solution is to create
a bank of different lines, with
patients being given the cells
with the closest match to
their own.

Another strategy, though, would
be to create a personalised ES cell
line. Thanks to somatic cell nuclear
transfer, a person’s own genetic
material could be transplanted into
an egg that had had its own nucleus
removed. ES cells harvested from
an embryo grown from such an
egg would be genetically identical
to those of the patient. This
technique, which has produced
encouraging results in animal
experiments, was supposedly
achieved in humans by South
Korean researcher Woo-Suk
Hwang in May 2005.
Hwang claimed to have created
11 new human ES cell lines by
replacing the genetic material
of donated unfertilised eggs with
that of skin cells from people with
genetic disases or spinal injuries.
But with Hwang’s human research
now discredited, it is not certain
that this can be done. ES cells also
raise a host of ethical issues that
need to be carefully considered
before plans are developed for
routine medical use.
Perhaps not surprisingly, views
differ as to how long it will take
for ES cells to become standard
therapy. There is understandable
excitement at their enormous
potential, and for people with
currently incurable conditions
they may seem like a final lifeline.
But are some clinicians being too
hasty in promising a solution to
those patients who have run out
of options? “The push to get ES
cells into the clinic ‘tomorrow’
is coming mainly from the US,”
says Dr Minger. “In the UK, most
of us feel that we are a long way

Reference
1 Orlic D et al. Bone marrow cells regenerate infarcted
myocardium. Nature 2001;410(6829):701–5.

14

WellcomeScience MARCH 2006

Currently, the laws and regulations governing stem
cell research differ widely between countries, and
even between different US states. In Germany, for
example, most stem cell research is outlawed, while
China has no overarching legislation covering use
of stem cells. In theory, German researchers working
on stem cells outside Germany could face prosecution
when they return to their home country.
The consensus statement recognises the great
medical potential of stem cell therapies, but also
acknowledges that opinion on their ethical legitimacy
varies around the world.
In practice, this has led to a proliferation of different
policies, regulations and laws. There is often conflict
between these different systems of governance,
which may hinder international collaborations.
The statement recommends principles that should
govern the ethical and legal regulation and oversight
of stem cell and related research, and suggests what
steps should be taken by funding agencies, journal
editors and other important groups.
The meeting participants plan to continue their work
as the Hinxton Group, examining related issues such
as artificial gametes and chimeras. They also plan to
launch a public website, hosted by the Phoebe R
Berman Bioethics Institute (www.hopkinsmedicine.org/
bioethics), where international researchers can share
information about research codes of practice and
ethical protocols.
The workshop was part-funded by the Wellcome Trust
as part of its programme of work in biomedical ethics.

from the clinic, perhaps ten to
twenty years. It’s important that
we do this right – that we are
convinced that the cells are safe
and clinically effective. We are
trying to dampen down the hype.
People need to understand that
this will take years.”

Left:
Sioux Indian
amulet said
to contain the
owner’s umbilical
cord. Some
parents are now
preserving material
from their baby’s
umbilical cord as
a possible source
of cord blood stem
cells in later life.
Right:
Close-up of cells
inside early human
embryo, a source
of embryonic stem
cells.
Y Nikas

WellcomeScience MARCH 2006

15

SECOND THOUGHTS

Enhancing history
William Schupbach
Western medicine tends to focus on the short-term
need to treat and cure. It is remedial work, correcting
what has gone wrong. But historically medicine had
a broader foundation – a fact worth remembering
when we consider the use of medical technologies
in human enhancement.

The Hippocratic tradition is at the heart of Western
clinical medicine. It prides itself on detecting tiny
signs that will infallibly reveal the course of a person’s
state of health, and determining the differences that
particular vegetable remedies are likely to produce.
Surely, then, there is no historical equivalent of the
long-term enhancement of human beings along
the lines now being envisaged?
It can be said in reply that there are two ways in which
doctors and medical investigators have traditionally
sought to capitalise on their investment in the
improvement of health. Both might be described
as clinical medicine writ large.
One is the application of clinical techniques to public
health, which is designed to protect the citizens of
an inhabited place for generation after generation.
It is salutary to read the opening of Hippocrates’s
Airs, Waters, Places, written about 400 BCE:
“Whoever wishes to investigate medicine
properly, should proceed thus: in the first place
to consider... the winds, the hot and the cold,
especially such as are common to all countries,
and then such as are peculiar to each locality.
We must also consider the qualities of the waters,
for as they differ from one another in taste and
weight, so also do they differ much in their
qualities. These things one ought to consider
most attentively...and the mode in which the
inhabitants live, and what are their pursuits,
whether they are fond of drinking and eating
to excess, and given to indolence, or are fond
of exercise and labour, and not given to excess
in eating and drinking.”

By William
Schupbach,
Curator of the
Iconographic
Collections in the
Wellcome Library.
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Surely an agenda paper for a modern Chief Medical
Officer! Such recommendations from Hippocrates
influenced later writers, including the architect
Vitruvius, who urged builders to take these factors
into account in the siting and construction of
buildings and of whole towns. These ideas are
also bearing in mind a favourite trick of Socrates,
a near contemporary of Hippocrates, which was
to use political analogies to help see tightly focused
questions on a magnified scale. When asking
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‘What is health in an individual?’ it helps to ask,
for instance, ‘What is health in a state?’ As Socrates
was fond of saying in support of this approach, it’s
easier to read a message if it’s written in large letters.
The other means of long-term enhancement in the
Western medical tradition should be of interest to
those who describe enhancement as ‘playing God’.
Playing some of the roles of a God, or seeking to
acquire some divine knowledge, has a part in the
thought of the two ancient philosophers, Plato
(428–348 BCE) and Aristotle (384–322 BCE),
who, in their different and often contrasting ways,
established large tracts of the Western mindset,
including much of science, medicine and thought
about society.
The Platonic idealist saw the aim of life as discovering
God’s thoughts and becoming to a degree like God,
while the Aristotelian, going about future life by
wondering how common features manifest themselves
in a vast array of tiny facts, would realise some fraction
of divinity in the life of the soul and of the mind.
Those who successfully passed on knowledge
of the works of these ancient philosophers from
one generation to another certainly intended
to enhance the godliness of humankind.

“Those who successfully passed
on knowledge of the works of
these ancient philosophers from
one generation to another certainly
intended to enhance the godliness
of humankind.”
A pursuit of divine status can also be hubris, of course,
to be followed by nemesis; the complex Christian
theology involving the human and divine parts
of the Trinity also muddied the waters. There
is, however, a definite historical precedent for
humankind aspiring to enhance its situation
in the world, not just in individual mortals
but in everlasting generations.

Science from
the outside

Ann Lackie

As I discovered when I was ‘Talking Science in
Cumbria’, opinions about bioethics are rarely black
or white; the balance between revulsion, fear and
desire for a new technology is constantly shifting,
and is also contingent upon personal circumstance.

Take stem cell therapies. At Keswick’s Theatre
by the Lake, one of the short-listed plays of the
tEXtPERIMENT project – in which playwrights have
been encouraged to use science in their plays, and
for which I am science consultant – is set in the near
future, where an artist with juvenile-onset Parkinson’s
disease is about to join a trial for stem cell therapy.
But will the treatment rob him of his creativity?
In the post-show discussion the playwright tells
the audience she has experience of chronic illness
herself and she feels that disease defines a person to
themselves – take away that disease and they ‘become
someone else’. An audience member picks up on this
and gives it another twist – if nerve cells derived from
someone else’s stem cells grow in your brain, who
do you become?
A significant proportion of the audience has doubts
about this type of treatment. But after one discussion,
a woman tells me quietly that she has the beginnings
of Parkinson’s disease and “would give anything”
for an effective stem cell therapy.
Stefan Escreet, Associate Director of the Theatre,
had the inspiration of coupling the tEXtPERIMENT
readings with Caryl Churchill’s ‘cloning’ play,
A Number. In this play the son has been cloned
‘a number’ of times; we meet two of the clones, one
of whom was also brought up by the original son’s
father. Nurture and nature have together resulted
in individuals with very different characters.
I hadn’t worked with professional actors before,
so was intrigued to discover how deeply each had
thought about their character’s psychology, and how
they were continually revising their ideas. Why did
the original son kill his clone? Suggestions ranged

from “He saw that he could have been like that with
a better upbringing” to “He thought he’d become
invisible” and “He wasn’t unique any more”.
Clones and chimeras – both raise the same anxiety,
“Who am I?”

“A woman tells me quietly that she has
the beginnings of Parkinson’s disease
and ‘would give anything’ for an effective
stem cell therapy.”
Talk of cloning Einstein provoked an explosion of
disgust from one of the actors: “Why should we want
more mad scientists?” (Unfortunately, Churchill’s
script also refers to a “mad scientist”; he was old, too.)
But Einstein was not just a scientist – he had many
other skills. So one clone might be a good violinist,
another a good writer: a sort of deconstruction of
Einstein’s attributes, much as Matt Ridley writes about
selective ‘deconstruction’ of the wolf to give different
dog breeds in his book Nature via Nurture.
Another worry was that Homo sapiens would be forced
into a genetic bottleneck if cloned humans became
the norm. At this point I felt I’d better put on my
science consultant hat and explain developmental
abnormalities, eggs, surrogate mothers, cost and
so on. Unfortunately, Snuppy the cloned Afghan
hound had been posing for the media that week.
Could cloning be a ‘fix’ for loss – of loved ones, pets
and people? Unsurprisingly, this triggered a lively
debate, which continued over several evenings.
But people are genuinely keen to discuss the issues –
and drama and fiction provide an ideal opportunity
for them to do so.

By Ann Lackie, who
is also the novelist
Ann Lingard
(www.annlingard.
com). Her current
project, SciTalk
(www.scitalk.org.uk,
funded by NESTA),
is a database
of scientists who
would like to
work with fiction
writers. An account
of her Wellcome
Trust-funded
research can
be found at
www.wellcome.
ac.uk/news.

ANY FEEDBACK?
Piqued by any of the comments from our
‘Second Thoughts’ columnists? Provoked
by any of the other articles in this issue of
Wellcome Science? We’re planning to include
correspondence, so why not let us know

what you think. Email publishing@wellcome.ac.uk
or write to: The Editor, Wellcome Science,
Wellcome Trust, Gibbs Building, 215 Euston Road,
London NW1 2BE. Please indicate whether your
letter is intended for publication.
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FRONTIERS

AN OPEN AND
SHUT CASE
The only important thing about
DNA is its sequence, right? Wrong.
Modifications to DNA and histones
add additional complexity, by
controlling access to DNA sequence.
Above:
Models of DNA
wrapped up into a
tetranucleosome.
From Schalch T
et al. Nature
2005;436:138–41.

Think of DNA and the famous double
helix usually springs to mind. With DNA
packaging, it’s histones and condensed
chromosomes of cell division.
But the higher-order structure of DNA is about more
than just cramming 2 metres of DNA into a nucleus.
By controlling DNA packaging, a cell can exercise
exquisite control over which of its genes are active.
And interference with this fine control can have
a profound impact on human health.
In recent years much has been learnt about the
mechanisms involved. At least four modifications
are known to influence DNA superstructure: DNA
methylation, histone modification, histone variants
and RNA-mediated silencing.

DNA methylation
In animals, large swathes of the genome have
methylated cytosine (C) residues, usually when
they are next to a G (termed CpG). About 80 per cent
of human CpGs are methylated, for example. CpGs
are rare in the genome, except near genes – clusters
of CpGs, known as ‘CpG islands’, are found upstream
of about 60 per cent of human genes, suggesting that
they have a role in gene regulation.
In general, methylation is used to silence DNA.
For some genes, methyl-cytosines block the
binding of other proteins directly, and so interfere
with transcription. More commonly, the methylated
DNA attracts methyl-binding proteins, which
then recruit histone modification machinery
to package the DNA into a closed, silent form.
Conversely, undermethylated regions of the
genome are usually (but not always) associated
with active genes.

By Giles Newton,
science editor at
the Wellcome Trust.
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For some mammalian genes, termed ‘imprinted
genes’, the pattern of methylation depends on
a chromosome’s parental origin. Genes active
only on the paternal chromosome tend to
promote growth of the embryo, while maternal
genes protect the mother from the embryo’s
demands – a kind of ‘genomic conflict’.
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In any case, methylation patterns appear to be an
essential component of the embryo’s developmental
programme – without the correct patterns, the embryo
will not develop properly. This could be one reason
why it is so difficult to clone animals. The methylation
associated with imprinted genes has to be reset every
generation, during the production of eggs and sperm
(see page 35).

Histone modification
Rather than being inert scaffolding, as once thought,
histone proteins are now known to have a key role
in controlling the access of other proteins to DNA.
The first level of DNA packaging involves the
nucleosome core, a bobbin made up of eight
histone proteins (see figure). The nucleosome cores
are then lined up and, assisted by other factors,
including the linker histone H1 protein, are
themselves coiled into fatter ropes.
While the main part of each histone is within the
nucleosome, they also have tails that hang outside.
Modifications to amino acids in these tails form
recognition signals for other enzymes and proteins
to close or open up chromatin.
Can any patterns be discerned in this complex range
of modifications? A ‘histone code’ has been
proposed, in which particular modifications always
have a specific effect. However, if there is a code it
remains undeciphered, and it is unclear why there
are so many different forms of histone modification.

Histone variants
The core histones are highly conserved, varying
little between many different types of organism.
It has recently become clear, however, that variants
of these ‘standard’ histones exist – and have
important biological consequences.
Some variants have been associated with particular
forms of chromatin, such as the highly compact
forms found at centromeres or looser arrangements
around active genes. Crucially, it appears that the
variants can be swapped in and out of chromatin
(histones are usually added when DNA is copied

and were thought to be permanent fixtures). This
provides a mechanism for dynamically controlling
chromatin structure – for example when genes are
activated. Although the full implications of this
exchange are not clear, it adds yet another potential
mechanism for controlling gene activity.

Cancer cells usually show abnormally low levels
of DNA methylation. This may activate genes
inappropriately and disrupt cell proliferation, or
destabilise the entire genome. But excessive DNA
methylation can also cause problems, switching off
genes that normally keep cell division in check.

RNA

If the systems are going wrong, can they be righted?
Epigenetic alterations are potentially reversible, so
DNA demethylating agents are being tested as cancer
treatments, and histone deacetylase inhibitors and
methods for targeting gene-specific epigenetic
modifications are being developed.

In mammals, the most extensive silencing of all
occurs in females, where one X chromosome is shut
down. Xist, a non-coding RNA, is produced from the
‘X inactivation centre’ and coats the chromosome,
triggering DNA methylation and a wave of histone
modifications. In humans, though, a significant
number of genes escape inactivation (see page 26).
RNA interference (RNAi), a system used to control
the output of genes, also appears to have a role in
DNA silencing. The system is mediated by small
interfering RNAs (siRNAs), which promote the
degradation of other RNAs (see Wellcome Science
issue 1, pages 20–21). It has emerged that they
can also silence certain genes by DNA methylation
and chromatin modification.

Polycombs
Research in another completely different area has also
shed light on epigenetic mechanisms. The Polycomb
family of proteins was first discovered in fruit-fly
research. Many relatives have been discovered, and
their function seems to be to maintain the higher-order
structure of DNA, thereby ‘fixing’ gene activity and
maintaining cell fate.
Polycomb family proteins seem to maintain
chromatin in a silenced state while members of
a second family, the trithorax group, maintain
it in an active state. The Polycomb system seems
to be linked to DNA methylation, in at least one case
directly recruiting the enzymes that methylate DNA.

Implications for health
The surge of interest in DNA and histone modifications
has coincided with a recognition of their importance
to health. Biological function is dependent on fine
control of gene activity. Anything that disrupts this
control – including epigenetic changes – has the
potential to cause disease.
Abnormal methylation of the control region of the
FMR1 gene, for example, leads to fragile X syndrome.
There are hints that some autoimmune disorders
(such as lupus) and neuropsychiatric conditions
(such as autism) may sometimes have epigenetic
origins. Perhaps most significantly, though, cancer
has been discovered to have a significant epigenetic
component. Overall, perhaps half of all cancers are
due to epigenetic errors, rather than mutations.

The environment
A recent study of identical twins also hinted at how
ageing and the environment might affect the
silencing systems. Although twins are epigenetically
indistinguishable during the early years of life, older
twins had remarkable differences in their genomewide DNA methylation and histone acetylation.
More generally, compared with changes to genetic
sequence, epigenetic systems provide a more dynamic
mechanism for linking the environment to changes
in gene activity. Some environmental factors – such
as low levels of certain nutrients or toxins – affect
the enzymes that methylate DNA.

ONE GENE,
TWO
SYNDROMES

Prader–Willi
and Angelman
syndromes
arise from
errors in
imprinting
of a gene on
chromosome
15. The gene
sequence
is the same,
but a gene
inherited from
the father gives
one set
of symptoms
(Prader–Willi
syndrome)
while a gene
from the
mother leads
to another
(Angelman
syndrome).

And genetic and environmental influences can also
be mutually dependent. Some genetic variants can
render people more susceptible to environmental
factors that alter DNA methylation. For example,
the effects of a variation in the MTHFR gene depend
on environmental factors: it can increase the risk
of breast cancer three-fold in premenopausal women
but may be protective in postmenopausal women
taking hormone replacement therapy.
Examples such as these emphasise the interplay
between ‘nature’ and ‘nurture’. The two are
interdependent, and epigenetic effects are
one of the key ways in which they interact.

MODIFICATION BIOCHEMISTRY
Methyl groups are transferred to C residues in DNA by enzymes called
DNA methyl transferases (DNMTs), which also ensure that the marks are
transferred faithfully when DNA is replicated. Six families of these enzymes
have been identified, some of which methylate naked DNA while others
carry out maintenance work.
Histone tails can be modified in several different places, and in several
different ways. For example, if lysine residues on histone H3 or H4 are
acetylated, chromatin generally becomes more relaxed and accessible
to other factors. Conversely, if lysines on H3 are methylated, the chromatin
tends to become more compact. These modifications are carried out by
a range of histone acetylases and deacetylases, methyl transferases
and methylases. In sum, the combination of modifications recruits specific
proteins that influence chromatin structure.

Further reading
Nature DNA Methylation Collection:
www.nature.com/reviews/focus/dnamethylation
Human Epigenome Project: www.epigenome.org

Rodenhiser D, Mann M. Epigenetics and human disease:
translating basic biology into clinical applications. CMAJ
2006;174(3):341–8.
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Evolution in action
How HIV is changing
our genetic make-up
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Butterfly collector
Philip Goulder, a Wellcome Trust
Senior Research Fellow in Clinical
Science at the University
of Oxford, grew up with a
fascination for butterflies and
their myriad different forms.
As Darwin realised, variation
is a prerequisite for natural
selection and the evolution
of new species. Now, Dr Goulder
studies the role of variation in
the battle between HIV and the
human immune system.
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• People vary in their susceptibility
to HIV.
• Resistance depends on human
immune system genes.
• HIV ‘escape mutants’ arise,
which evade protective
immune responses.
• HIV is affecting the genetic
make-up of populations:
evolution in action.

A DEADLY STRUGGLE
HIV versus the human immune system
Until recently, HIV infection was a death
sentence. In most parts of the world,
it still is. The best prospect for control
is probably an effective vaccine, but
progress has been dishearteningly
slow. One of the biggest problems is
HIV’s variability – variants constantly
arise that evade our immune defences.
In Oxford, Philip Goulder is tracking
the genetic changes in the virus and
the host, to find out what is needed
to keep the virus in check. Almost
uniquely, he is witnessing natural
selection acting on humans.
Butterflies may seem an unlikely inspiration for
someone working on HIV. But for Philip Goulder,
a Wellcome Trust Senior Research Fellow, his current
work combines everything that has ever motivated
him: genes, evolution, paediatrics and Africa.
Dr Goulder divides his time between his lab in Oxford
and a prenatal clinic in Durban, South Africa. There
he witnesses the grim reality of HIV/AIDS in Africa:
of the women attending the clinic, nearly half are
HIV-positive. None receives antiretroviral therapy.

Dr Goulder has been tracking the course of infection
in these individuals to understand why some can
survive symptom-free for years while others rapidly
progress to AIDS. In collaboration with researchers
from South Africa and the USA, he has found that
human genes are engaged in an evolutionary fight
with HIV – a finding that has crucial implications
for vaccine design.

Butterfly beginnings
Dr Goulder began his research as a zoology
undergraduate at Oxford, where he studied benign
female butterflies that, depending on their genetic
type, could mimic poisonous species. Zoological
expeditions took him to exotic locations including
The Gambia and Kenya, sparking a passion for the
African continent that continues to this day.
During his travels, Dr Goulder became more aware
of the plight of Africans, plagued by diseases, such
as malaria, long forgotten by the West. (At the time,
in the early 1980s, HIV had not yet come to the
world’s attention.) What he saw motivated him
to take a clinical course at Cambridge to focus
on tropical medicine, and eventually to return
to his beloved Africa.
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Right:
HIV particles
budding from
the surface
of a cell.
R Dourmashkin

Each element of this unusual career path has shaped
his research interests, he suggests. “The genetic
studies that I did in my zoology degree and the
patient-oriented work as a clinician have imparted
the direction my research has taken. My interest
in the broad evolutionary processes that operate
between [butterflies] and between HIV and humans
does originate from doing zoology. Having a
background in zoology does help you to address
the problems of HIV in a different sort of way.”
Today, with 800 000 new infections a year worldwide,
the HIV epidemic shows no sign of abating. It remains,
however, predominantly a developing-country
problem, as few HIV-positive people in these countries
receive antiretroviral therapies. Nearly 70 per cent
of people with HIV/AIDS live in sub-Saharan Africa.
“HIV is a huge problem for children,” Dr Goulder
stresses. “Not only that, but children whose parents
die of HIV have a much higher chance of dying.”
His clinical training complete, Dr Goulder embarked
on a PhD project at Andrew McMichael’s lab in
Oxford, studying the immune responses to HIV.
There he gained the cellular and molecular tools
needed to answer the key questions in HIV research,
such as how the virus can evade the immune
response. The answer, it is now clear, lies in
a person’s immune system genes.

Hide and seek
The first clue came during his PhD, when he
identified a key player in the immune response to
HIV infection. It was a type of T cell, called cytotoxic
T lymphocytes (CTLs) or ‘killer’ cells, that, until then,
everyone had dismissed as unimportant. “There were
many sceptics. But the evidence was strong: CTLs
were controlling HIV infection.” So powerful, in fact,
that CTLs decide between life and death: whether
infection progresses towards AIDS or whether the
virus remains subdued.

By Lisa Melton,
a science writer
based in London.

The CTLs’ job is to wipe out infected cells. They are
the immune system’s ‘hit men’. They take their orders
from the human leukocyte antigen (HLA) molecules
found on the surface of the body’s cells. When
infected with a virus, a cell digests viral proteins,

HIV IN INFANTS
One of the most heartbreaking aspects of the HIV pandemic is
its transmission from mother to child. The interplay between host
and virus seems to be even more complex in young children –
and infection can be even more severe than in adults.
Dr Goulder and colleagues have discovered that escape mutants
can arise very early in an infant’s life, even if none arose in the mother.
Worse still, a child may end up with escape mutants from both the
mother and the father.
This ‘double whammy’ may explain why some babies/children are
particularly badly hit by HIV infection. On the other hand, infants seem
to mount a stronger immune response to escape mutants than adults,
suggesting that their immune systems may be more flexible than those
seen in adults.
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fragments of which bind to HLA molecules and are
displayed on the cell surface. This is the signal for
CTLs to destroy the infected cell.
Unfortunately, HIV can get round this defence
mechanism. HIV is constantly mutating, as its
genome-copying machinery is highly error-prone.
This can create new viruses whose proteins do not
trigger a CTL response: the HLA molecule displays
part of a mutated protein that is not recognised
by the CTL. These so-called escape mutants prosper
at the expense of other HIV variants that are
recognised by CTLs.
But humans are not always the losers. While
working with HIV-positive people with haemophilia,
Dr Goulder noticed that some mounted a vigorous
immune response despite HIV’s changing guises.
These individuals remained healthy, controlling
the virus for more than a decade. What they had
in common was a particular HLA type that was
more resistant to virus escape. The HLA-B27 subtype
invariably flagged up a particular ten-amino-acid
viral peptide, known as KK10.
Eventually, even these people succumb to the
infection. Escape mutants arise, and once HLA-B27
stops binding the crucial KK10 peptide, the cells are
rendered invisible to CTLs. “Disease is a consequence
of the virus escaping the CTLs that contain it,”
Dr Goulder explains.

Vaccine vagaries
Some say HIV is not a single enemy, but a multitude.
Dr Goulder’s aim is to find a way to counteract this
moving target. “From what we now know, the virus
is very good at evading the vast majority of antibody
responses.” Many successful vaccines boost antibody
protection, but for HIV, this strategy has failed.
Could a vaccine that generated CTLs stand a better
chance of success? Possibly. But understanding the
critical components of a successful response will
be crucial – and that won’t be easy. An HIV-infected
person mounts at least 20 immune responses,
Dr Goulder points out, only one of which becomes
dominant. “We need to understand these mechanisms
to know exactly what to incorporate into a vaccine.
What type of immune response we want to induce is
still not known. At the moment, that is up for grabs.”

A second issue is the impact of the escape mutants
on virus biology. Some mutants, for example, seem
to be significantly weaker than the strain they are
derived from. When they infect someone without the
protective HLA molecule, they will be outcompeted
by any reversions to the original genotype, so the
escape mutant disappears. Some mutants, however,
are just as competitive as the original strain; these are
likely to persist even in the absence of the protective
HLA molecule.

Genetic battleground
In the struggle against HIV, infected mothers with
protected HLA-B genes are more likely to survive
and pass on those genes to their children. “We are
witnessing the evolutionary fight between the human
immune system and the HIV virus happening right
now, rather than over thousands of years,” explains
Dr Goulder (see box, right).
These findings are the culmination of a long
collaboration between the University of KwaZuluNatal in Durban, the Massachusetts General Hospital
in Boston, and the Department of Paediatrics at
Oxford. The study was designed to understand how
some people can survive symptom-free for years while
others proceed rapidly to AIDS and death.
The infection is putting pressure on HLA molecules.
They are extremely diverse but exist as three main
types: HLA-A, HLA-B and HLA-C. Dr Goulder and
his collaborators found that of 375 HIV-infected
patients, those with particular HLA-B genes were
better at clearing HIV infection than those with
HLA-A or HLA-C genetic subtypes.
“We don’t know the timescale, but it may be relevant
to vaccine design. If it takes 20 years to construct and
test a vaccine, by then the population may have
changed composition quite a lot,” he speculates.
“If you compare the HLA genes expressed at the
beginning of the epidemic in South Africa and 2025
when a vaccine may be available, the frequency of
those genes may have changed quite dramatically.”
The evolutionary arms race between the virus and
the infected person is drawing scientists’ attention
to the virus’s survival strategies. “When it comes
to an epidemic like HIV, in global terms, what we’ve
done to thwart it has been like a drop in the ocean.
The number of deaths that occur daily is testament
to that.” The hope is that understanding how this
battle unfolds will pave the way to a long-soughtafter vaccine to end the AIDS crisis.

ARE HUMANS STILL EVOLVING?
We may have removed many selective pressures, but humans
probably are still evolving.
Some people argue that medical advances have changed
evolutionary rules. While hundreds of years ago only the ‘fittest’
survived to reproductive age, today nearly everyone does. Better
hygiene, healthcare, food production, heating and cooling systems
have minimised selective pressures in our lives.
But a closer look at our genes suggests that we are still evolving.
Milk or lactose intolerance is a good example of how an environmental
change – in this case cattle domestication – acted on a genetic one.
Most adults cannot drink milk because they do not produce enough
lactase, the enzyme that breaks down the lactose sugar in milk. Yet
in Europe, where populations have a long history of drinking milk, more
than 70 per cent of people can, because they carry a variation in the
lactase gene. The genetic change can be tracked to between 5000
and 10 000 years ago, when dairy farming began.
Another example is a genetic variation – a chunk of chromosome
17 that can exist in two possible orientations – that seems to be under
positive selection. One form is absent in Africans, rare in Asians, but
present in 20 per cent of Europeans. In Iceland, it is associated with
larger family size, suggesting that it is in some way enhancing fertility.
This variant seems to be becoming more common across Europe.
Mostly, though, the genes that are likely to be under selective pressure
influence resistance to infectious disease. In many developing countries,
infectious diseases are still a leading cause of death, and those whose
genetic make-up allows them to survive are most likely to pass on their
genes to their offspring.
Some evidence of this can be seen in the survival of disease-causing
genes, such as those for haemophilia or sickle-cell disease. Typically
these survive because a single copy of the gene provides protection
against an infectious disease, such as malaria. It may even be possible
that the relatively low prevalence of HIV in western Europe is related
to a common variation in a co-receptor for the HIV virus particle
(CCR5), which may have been positively selected as it confers
resistance to other infections, such as bubonic plague or smallpox.
Evolution by natural selection is generally assumed to be a slow
process, so catching a glimpse of human evolution in real time
is difficult. The case of HIV is unusual, as we may be witnessing
evolution in an unprecedentedly rapid timeframe.
Beja-Pereira A et al. Gene–culture coevolution between cattle milk protein genes
and human lactase genes. Nat Genet 2003;35(4):311–3.
Stefansson H et al. A common inversion under selection in Europeans. Nat Genet
2005;37(2):129–37.
Galvani AP, Slatkin M. Evaluating plague and smallpox as historical selective
pressures for the CCR5-Delta 32 HIV-resistance allele. Proc Natl Acad Sci USA
2003;100(25):15276–9.
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A tale of two
chromosomes
Once upon a time, the X
and Y chromosomes were
‘ordinary’ chromosomes.
At some point the X gained
a sex-determining function
and lost the ability to exchange
DNA with the Y. The X now
dominates the shrunken
Y. Sequencing of the X
chromosome, led by a group
at the Wellcome Trust Sanger
Institute, is shedding light on
the evolutionary origins of the
sex chromosomes, as well
as the role of X-linked genes
in human disease.
SPL

THE X
FACTOR
The evolution and biology
of the X chromosome
The X chromosome is special. It holds
300 million years’ history of the evolution
of sex determination in mammals. It may
provide clues to sex differences. And
it features a remarkable gene control
mechanism. Mark Ross, who led
the sequencing of this remarkable
chromosome, explains the joy of X.
At some point in any good conversation, the topic
inevitably comes around to sex. If we reproduced
asexually – splitting in two like an amoeba or budding
like a yeast – we wouldn’t need to discuss such matters,
nor waste time searching out a partner of the opposite
sex. But like the majority of the natural world, humans
are driven by the need to bring together males and
females to produce the next generation.

By Giles Newton,
science editor
at the Wellcome
Trust.
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Such a union brings together the sex-determining
chromosomes: if the X from the mother’s egg is
matched with an X-carrying sperm, an XX female
results; with a Y-carrying sperm, an XY male.

WellcomeScience MARCH 2006 – X chromosome evolution and biology

IN A NUTSHELL
• The X and Y chromosomes are central
to mammalian sex determination;
females are XX, males XY.
• The X chromosome has been modified
during mammalian evolution.
• In women, one X chromosome is
shut down (X chromosome inactivation).
• X inactivation is incomplete; some genes
remain active and activity levels vary
between women.

Unlike the 22 other chromosomes we carry, which
come in identical pairs and happily meet up and swap
DNA, the X and Y are distant relatives. The X is big,
the Y tiny, with little in common DNA-wise, apart
from two small regions at their tips. Furthermore,
a remarkable mechanism of ‘X chromosome
inactivation’ enables females to shut down
one of their two Xs and maintain genetic
parity with XY males.
Such peculiarities have sparked many debates over
the years. If the X and Y started off as two ‘normal’,
non-sex chromosomes back in evolutionary history,
as Susumu Ohno proposed in the 1960s, is there
an imprint left of their origins? How much DNA
do the X and Y actually share in common? And
how does the inactivation signal spread along the
X – does it have ‘boosters’ to help it move along
the chromosome?
An extra frisson of excitement therefore accompanied
the publication in March 2005 of the X chromosome’s
DNA sequence, coming as it did with the answers to
some of these questions and clues to others. For Mark
Ross at the Wellcome Trust Sanger Institute, who led
the sequencing of this string of 155 million As, Ts,
Cs and Gs, the publication was also the culmination
of a decade’s work and a career’s infatuation: “Even
when I was at university, I was fascinated by the sex
chromosomes,” he says. “Fascinated because of their
difference from each other and from the non-sex
chromosomes. And because at some stage, they
evolved from an ordinary pair of chromosomes.”
The sequence data revealed that the X chromosome
has 1100 or so genes (see box, page 28), dramatically
more than the Y, with its meagre 76. Even so, Dr Ross
points out, the X has relatively fewer genes than one
might expect for a chromosome of its size. “There
are two possibilities,” he speculates. “There may have

been an evolutionary selection pressure for genes
to move from the X to other chromosomes. Or, more
simply, the original chromosome from which the
X was derived may have had relatively few genes.”

A tale of X and Y
The story of the X and Y chromosomes begins with
an animal that lived some 300 million years ago.
This animal was the ancestor of mammals, birds and
reptiles, it is presumed, it did not use chromosomes
to determine its gender. (Quite how it did so is
unknown, but it may have used one of the many
other mechanisms that exist in nature; in crocodiles,
for example, the incubation temperature of the egg
determines sex.) When mammals and birds went their
separate evolutionary ways, each co-opted a different
pair of chromosomes to determine sex. In mammals
the chromosomes became the X and Y, in birds the
W and Z chromosomes.
“As they started off from different pairs of chromosomes,
X and Y and W and Z are not related at all,” says Dr
Ross. “But we can look at the chicken genome and
see the ordinary chromosomes that are related to the
mammalian X and Y [the human X chromosome is
related to chicken chromosomes 1, 4 and 12]. Similarly,
you can take the bird W and Z and find the equivalents
in the human genome.”
For mammals, the trigger for this new sexdetermination system was the emergence of the
Y-chromosome SRY gene – the master switch in
male development. Over time, the majority of
the Y chromosome DNA lost the ability to swap
with the X; without a partner it could use as a
template to repair damage, the Y has gradually
degenerated to a shrunken stump and lost most
of its genes. (“Presumably something similar
happened in birds, although we don’t know how
bird sex determination works yet,” says Dr Ross.
X chromosome evolution and biology – WellcomeScience MARCH 2006
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but always the paternal X in marsupials – Xist
expression is shut down on the active chromosome.
This is controlled by the Tisx gene, a mirror image
not just in name: the Tisx gene overlaps with Xist
and is transcribed in the opposite direction.
On the X destined for inactivation, Xist RNA spreads
along and coats the chromosome – its localisation
being helped by BRCA1, the breast and ovarian cancer
tumour suppressor – recruiting proteins that compact
the DNA-chromatin structure (see page 35). Some
proteins modify the tails of the histone proteins by
methylating, demethylating, deacetylating and
ubiquitinylating particular amino acids. (The
Polycomb group proteins Eed/Enx, for example,
methylate a lysine residue of histone H3.)
“In this case, the W has decayed and, interestingly,
females are ZW and males are ZZ.”)
Evolution has been harsh on the Y chromosome,
but the X has not been immune to change over time.
Its journey is being charted by Dr Ross and colleagues
by comparing the human chromosome sequence
with the X chromosomes of other mammals. “We
don’t have the ancestral X chromosome to compare
the human X chromosome sequence against, but
we can reconstruct it by comparing the human
X to other genomes and working out the changes
that have occured and their timings.”
The picture that has emerged is of an X chromosome
that has gained pieces of DNA at various stages in
mammalian evolution, the biggest change being the
addition of a large region from another chromosome
during the evolution of the placental mammals.
Thereafter, alterations have been more subtle, the
human X being very similar to those of chimps,
dogs, mice and rats.
Such conservatism is probably due to dosage
compensation: an upset to the careful balance
of X chromosome inactivation, leading to too
much or too little gene expression, could have been
detrimental indeed. Instead, Dr Ross explains, it
appears that chunks of DNA have been acquired by
the X and Y chromosomes simultaneously, so there
would have been two active copies. “Over time the
Y chromosome segment has decayed and the X copies
have been recruited into X chromosome inactivation
in a gradual fashion.”

Other changes, such as DNA methylation and the
recruitment of a variant histone called macroH2A,
may help make sure that the chromosome stays
in a highly compacted, silenced state. Although a
human X chromosome is silenced, the mechanism
may not be the same as in the mouse. This may
explain surprising differences in the extent of
X inactivation between the two species.
It was originally thought that the silenced human
X would be completely inert but, using the genome
data from the Sanger Institute and its collaborators,
Hunt Willard (Duke University) and Laura Carrel
(Pennsylvania State College of Medicine) showed
that this was far from true. Examining the activity
of hundreds of genes on the inactive X, they found
that about 15 per cent ‘escape’ from inactivation;
even more surprisingly, another 10 per cent of
supposedly inactive genes are silent in some women
but active in others. In fact, each of the 40 women
they studied had a unique pattern of gene activity.
“The extent of escape from inactivation was
unexpected,” says Dr Ross. “In mice, inactivation
is more complete.”
So what are the consequences of this escape from
X inactivation? It is too early to tell, but it may
well underlie the effects of some sex chromosome
anomalies. Some XXXY individuals are more severely
affected than XXY, perhaps because of the extra
activity from escaping genes. Conversely, people

HUMAN X AND Y CHROMOSOMES

The off switch?
X chromosome inactivation is a fascinating system,
proposed by Mary Lyon in the 1960s. To prevent
females, with their two X chromosomes, getting
double the male dose of gene products, one of their
X chromosomes is shut down early in development
of the female embryo.
In mice, the inactivating signal is triggered by RNA
from the Xist gene, the heart of the ‘X inactivation
centre’ on the chromosome. Initially, RNA is
produced from both X chromosomes in the female,
but when the choice of which X to inactivate is made
– the choice being random in placental mammals,
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Left:
Mark Ross, who led
the X chromosome
sequencing team at
the Sanger Institute.

with an X chromosome alone (XO – Turner syndrome)
may be affected because these genes, perhaps genes
in regions shared by the X and Y, are required in
double doses.
Even in XX females, the 200–300 genes that are
potentially more active than in males may be crucial
to gender differences, sex-specific traits and complex
diseases. Perhaps, as Hunt Willard suggested, there
may not be one human genome but two – male
and female.
As for the mechanism of escape, could it relate to the
absence of X inactivation ‘boosters’? In 1998, Mary
Lyon suggested that a certain class of repeated DNA
called LINE1 repeats, known to be relatively frequent
on the X, might act as way stations to boost the
signal. “When we looked at the sequence, the LINE1
distribution fits with this idea,” says Dr Ross. “The
concentration is very high around the X chromosome
inactivation centre and neighbouring regions. As you
go into regions where more genes are escaping,
LINE1s are less frequent. It fits, although it’s not
conclusive as yet.”
“We want to know the differences between regions
of X chromosome inactivation and regions of escape.
Do the genes that escape form domains, or do they
escape on a gene-by-gene basis? And what are the
DNA and chromatin modifications [epigenetics]
in those regions? Only when we understand these
issues will we be able to address the way-station
hypothesis properly.”

THE X FACTOR
Mutations in X chromosome genes usually affect males only,
females having a back-up X (but acting as carriers).
Male-specific haemophilia, for example, was recognised, though not
named, in ancient times: the Talmud, a collection of Jewish Rabbinical
writings from the second century CE, stated that male babies did not
have to be circumcised if two brothers had already died from the
procedure. The Arab physician Albucasis, who lived in the 12th
century, wrote of a family whose males died of bleeding after minor
injuries. And in the 18th century there are physicians’ descriptions
of similar conditions and of colour-blindness, affecting boys in families
and apparently passed on through females.
Altogether, more than 300 X-linked genetic diseases have been
identified, and many of the genes involved have been found: “We
know of about 40 cases where the sequence contributed in some
way to the discovery of the affected gene,” says Mark Ross. “Even
so, there are still a large number of diseases associated with the
X where the molecular basis is unknown.”
One big surprise was the discovery of nearly 100 ‘cancer/testis
antigen genes’. “It surprised us that there were so many, particularly
because there are relatively few elsewhere in the genome,” says
Dr Ross. “We know relatively little about these genes. They are
usually expressed in the testes, and perhaps they confer some
kind of male advantage. And we know that they become activated
in certain types of tumour – in fact, they have been suggested
as possible targets for cancer immunotherapy.”

NHPA (monotreme, marsupial and chimp)
PhotoDisc (bird and rodent)

EVOLUTION OF THE X CHROMOSOME IN MAMMALS
Chromosomes

Similiarity of X
to human X...

Bird

ZW

None (no X chromosomes)

Monotreme

5Xs and 5Ys
(females have
10Xs)

One of the Xs is similar to the human X;
another has a gene implicated in sex
determination in birds

Marsupial

XY

Not clear, but it is known that a large region
of the short arm (green in box, left) found in
placental mammals is still on an autosome

XY

Similar, but jumbled, and a region related to
the short arm of the human X has been lost

XY

Very similar

Rodent

Chimp
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Social science
Humans are uniquely social
animals. An undoubted part
of our success lies in our
ability to communicate
and collaborate. For this
to happen, we need to be
aware of ourselves and
others, and send and receive
information. This exchange
is being studied by Senior
Research Fellow Chris Frith,
who is combining functional
imaging and social psychology
to gain insight into the brain’s
role in social communication.

IN A NUTSHELL
• The human brain can distinguish
self-initiated actions from externally
applied stimuli.
• This system is disrupted in people
suffering from delusions of control.
• Observing or imagining an action
activates, at a lower level, the neural
pathways responsible for that action.
• This ‘mirror system’ may enable us
to infer the intentions of others.

KNOWING ME
KNOWING YOU
The neuroscience of social interactions
The ability to understand what others
are thinking lies at the heart of social
interaction. We constantly convey
meanings to others, and draw
conclusions about their beliefs and
intentions. In Professor Chris Frith’s
lab, a combination of psychology and
functional brain imaging is revealing
some of the internal brain processes
that underlie these social interactions –
highlighting the crucial role of ‘mirroring
systems’ in human behaviour.

So I changed tack as an undergraduate, from physics
and maths to psychology. Cybernetics has influenced
my approach ever since.”

“Traditional cognitive psychology tends to look
at how one person is affected by the social context,”
says Professor Chris Frith. “What makes my work
different is that I am interested in looking at two
people interacting; I want to know how I can
make your mind more similar to mine, the
essence of communication.”

Hallucinations and delusions

Professor Frith first studied psychology, fired
by an early brush with cybernetics – the analysis
and comparison of control and communications
systems in living organisms and in machines.
“Cybernetics was very fashionable at the time.
I discovered it by chance, and it resonated
strongly with how I understood the world.

Schizophrenia is characterised by altered perceptions
(hallucinations) and unfounded beliefs (delusions).
Professor Frith examined the neural basis of these
experiences, linking the psychological abnormalities
with neurophysiological disorders.1 Of particular
interest was the way that people diagnosed with
schizophrenia misattributed their own actions
to some external agent.

The traditional view of brain function, he suggests,
“is analogous to TV watching – we open our eyes
and we see the world and then we decide what to do
about it. I think this is completely wrong, and that
[it] is actually the other way round. It’s engineering
as against psychology. Psychologists say inputs are
what you see and outputs are what you do as a result.
For engineers, the input is what the machine does
to the outside world, and the output is what the
world sends back. I think this is much closer
to how the brain finds out about the world.”

In his early work, Professor Frith used these cybernetic
approaches to study schizophrenia. “I got a job at an
MRC unit. My lab, very fortunately, was in the middle
of the acute unit of a psychiatric ward at Northwick
Park Hospital. So I began to study people who were
in the acute phases of schizophrenia.”

By Sara Dunn,
a science writer
based in London.
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“Human actions, such as moving our eyes, cause
changes in sensation: the image moves across the
retina. But there is nothing in the signal detected
by the retina that can indicate whether this visual
sensation is caused by the acting self, or by an
independent agent in the outside world. For most
of us, this problem is solved in the brain by a process
of prediction.”
Prediction is essential in any system where there
is a delay between the initiation of an action and
its consequences. In the human motor system, this
predictive capacity is called a ‘forward model’, and
is derived from the musculo-skeletal system that
controls the limbs. The brain calculates, or predicts,
what input it should receive when the action has
been completed.
Because the forward model enables us to predict
the sensory consequences of our own actions, our
response to them is attenuated. A touch we apply to
ourselves feels far less intense than a touch applied
by someone else. (This also explains why we cannot
tickle ourselves.) Brain imaging has shown that the
response in the somatosensory cortex – the area
of the brain that manages our sense of touch – is
reduced when tactile stimulation is self-applied.
This forward model has been shown to be abnormal
in people who experience delusions of control.
For example, Professor Frith has shown that those
experiencing delusions of control will report the
intensity of self-touch to be as high as touch by
others – and the brain’s activity when these
individuals move is also abnormally high.
Furthermore, says Professor Frith, the same is true
of speech. Most of us attenuate responses in the
auditory cortex when we speak, but this does
not happen in people experiencing auditory
hallucinations.

the movement actually being performed? What
is the mirror system imitating, the actual observed
movement or the goal of the movement? And does
the mirror system somehow get switched on and off?”
The mirror neurons in monkeys appear to respond
only to biological (e.g. human) as opposed to nonbiological (e.g. robotic) motion. Similarly in humans,
there is evidence that the brain processes biological
movements and non-biological movements
differently, with an area known as the superior
temporal sulcus playing an important role
in this distinction.
“What is also interesting in the monkey studies,”
says Professor Frith, “is that mirror neurons represent
high-level aspects of actions such as the overall goal,
rather than some other more elementary property
of movement, such as specific motor commands,
movement velocity, movement direction or
muscle activity.”
Something similar has been seen in children. “If you
ask a child to copy someone facing them and waving
their right hand, the child will wave their left hand –
as if they were a mirror. But if you then do something
more complicated, like touching your right ear with
your left hand, the child will touch their right ear
with their right hand – in other words they imitate
the goal not the movement.”

THE ‘SALLY–ANNE’ TASK
This is
Anne

This is Sally.
She puts
her ball
in the bag

Social interaction
Professor Frith’s studies on schizophrenia inform his
current main research focus, the neurophysiological
basis of social interaction. One of the key concepts
is the ‘mirror system’ – the way the brain appears
to imitate actions that we see or think about.

Sally goes
away

“Observing, imagining, preparing or in any way
representing an action excites the motor programs
used to perform that action, but below the level
which actually causes the action to be performed,”
says Professor Frith. His group’s work has been
galvanised in the last decade by the discovery
of individual mirror neurons in monkeys, which
discharge both when the monkey performs certain
hand movements and when it observes another
monkey performing similar movements.
While mirror neurons themselves have not been
confirmed in humans, the existence of a mirror
system is well established. Portions of the brain
regions involved in executing actions are also
activated by the mere observation of such actions.
“There are lots of interesting questions that arise
from this idea,” says Professor Frith. “What stops
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Anne moves
the ball to
the box

Where will Sally
look for her ball?

Left:
In the ‘Sally–Anne’
test, a child has
to put himself or
herself in Sally’s
shoes, to appreciate
that she will not
know that the ball
has been moved.
This calls for skills
in mentalising or
‘theory of mind’.

So could the mirror system underlie our ability to infer
the goals or intentions of others, a crucial element
of our social intelligence? For a number of years
Professor Frith’s wife, Uta Frith, has been studying
autism, a disorder in which people have difficulty
understanding what others are thinking or feeling.
The two have recently been working together to
explore the neural basis of social interaction.
Individuals with autism find it difficult to attribute
mental states, such as desires and beliefs, to others.
This ability is known as mentalising or having a theory
of mind, and is classically demonstrated by the
‘Sally–Anne’ task (see left). A range of brain-imaging
studies has identified a network of brain areas active
during many different kinds of mentalising task,2
particularly in regions of the medial prefrontal cortex,
the superior temporal gyrus, and the temporal poles
adjacent to the amygdala.
How do individuals with autism compare? The Frith
group showed people silent animations featuring two
triangles moving on a screen. The animations were
designed so that the triangles were apparently either
coaxing or mocking, or simply moving at random.
In this test of mentalising, both control subjects and
the people with autism showed identical activation
in the occipital gyrus when the triangles were coaxing
or mocking, suggesting intense visual analysis by
both groups. But subjects with autism showed
reduced brain activation in the three ‘mentalising’
brain areas. The results suggested that connectivity
between the lower- and higher-order perceptual
processing areas was reduced in people with autism.3
But, adds Chris Frith, “It’s not clear how reduced
connectivity is realised in brain structure. It is not
necessarily because there are fewer anatomical
connections – indeed the few studies there are seem
to indicate too many connections in autistic
individuals. It might be that there is a lack of pruning
of unneeded connections. There is also some evidence
that the abnormal connectivity related to autism may
relate to feedback connections rather than feedforward
ones. But the abnormal connectivity account of autism
does not distinguish it from other disorders – such as
dyslexia or schizophrenia. So, there is much work still
to be done.”
In the future, he expects to see more studies
addressing the neuroscience of human interaction:
“In our work we are beginning to encroach on social
psychology, and social psychologists are getting
interested in brain imaging. And there will be more
studies of pairs of brains rather than single ones.”
Fittingly, therefore, interacting disciplines will
increasingly be studying interacting brains.

“I THOUGHT EVERYONE FELT THAT”
The Frith lab recently discovered not one but two unusual cases
of vision–touch synaesthesia close to home.

Synaesthesia is a condition in which stimulation of one sense results
in sensation in another. Perhaps the best-known example is the
association of specific words with colours: people ‘see’ specific colours
when they hear particular words. Vision–touch synaesthesia is a different
form of the condition, in which visual perception of someone else being
touched elicits conscious tactile experiences in the perceiver.
Professor Frith’s neuroimaging study4 of vision–touch synaesthesia had
an unusual origin: “After my colleague Jamie Ward had given a lecture
on synaesthesia, a student described how when she saw someone’s
face being touched, she felt it on her own face. This presented a
potentially interesting subject for a neuroimaging study.
“In our lab, whenever we plan a study we have to present it to the
whole group on a Friday afternoon for their input. Jamie duly presented
his account of the lecture and the student’s response about their vision–
touch synaesthesia. The first comment was the expected behaviourist
query: ‘Why do you believe them?’ But the second comment, from
another member of staff, was: ‘But I thought everyone felt that.’
So, it turned out that one of our own colleagues had this new form
of synaesthesia – and happily was willing to take part in our study!”
The experiment was split into three sessions, one involving direct touch
and two involving video. During the touch sessions, the subjects were
touched with a felt-tipped wooden rod, on the left and right of the face
and the left and right of the neck.
In the video sessions, the subjects were shown video clips, half
showing the head and shoulders of a person being touched by
another’s finger, and half showing inanimate objects being touched
in the equivalent ‘neck’ and ‘face’ areas.
Unlike the non-synaesthetic subjects, the synaesthetic subject felt
stimulation on her own face and neck when watching another person
being touched (but not when watching an object being touched).
Interestingly, the functional magnetic resonance imaging revealed
activation in the primary and secondary somatosensory cortex in
all of the subjects. However, in the synaesthetic subject, who felt the
observed tactile stimulation in her own body, all of these brain regions
were significantly more active – and an additional area, the insular
cortex, also lit up.
So, says Professor Frith, “We are all doing the mirroring. But for some
people the activity seems to go over a threshold. The synaesthetic
subject showed activity in the same areas as the control group, but
more of it.” The fact that the difference was only seen for human touch
was also intriguing. “This implies that the mirror areas of the brain are
not only selective for biological actors, but also for biological targets
of those actions.”
4 Blakemore SJ et al. Somatosensory activations during the observation of touch
and a case of vision–touch synaesthesia. Brain 2005;128(7):1571–83.
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New beginnings
Germ cells are unique. They alone can
convey genetic material to the next
generation, as they give rise to the eggs
and sperm that will eventually fuse and
create a new individual. In the mouse
they are created early in development,
marked out by activity in particular key
genes (green-fluorescing cells in this
early mouse embryo).
A Surani

IN A NUTSHELL
• Primordial germ cells go on to form the
body’s sex cells (sperm and oocytes).
• They are established early in development.
• To create a germ cell, the Blimp1 gene
must suppress the somatic cell
development programme.
• Elucidating germ-cell development will help
us to understand ‘epigenetic’ mechanisms
controlling cell differentiation.

THE NEXT GENERATION
How a mouse makes germ cells
A mouse embryo a few days old is
a tiny world filled with momentous
events. As cells divide and proliferate,
an intricate array of signals and sensors
tells them where they are, where to go
next, and what to do. Of all possible
roles, from blood cell to neuron, one
is special. Only a handful of cells will
be able to make new mice. All the
future eggs and sperm are descendants
of primordial germ cells, which appear
7.5 days after fertilisation. Now, Azim
Surani and colleagues in Cambridge
are helping to piece together how
the germ-cell line is founded, in the
process illuminating many broader
questions about development and cell
differentiation in complex organisms.
Fittingly, Professor Surani’s lab is in the handsome
new building occupied by the Wellcome Trust/
Cancer Research UK Gurdon Institute of Cancer
and Developmental Biology. For in the early 1960s it
was John (now Sir John) Gurdon who convinced most
people that all body cells maintain a full complement
of genes – a complete genome. He took the nucleus
from a tadpole’s intestinal cell and injected it into
a frog egg whose original nucleus had been removed.
The result: a new tadpole.

This early landmark in cloning raised new questions
about cell fate. If all cells have the same genes, how
do they get to be so different? At the same time, how
do germ cells keep the ability to generate the full range
of cell types, while most cells can, at best, only make
more like themselves?

Stamping the genome
Professor Surani’s own work added new layers to this
question. He is famous for the discovery, 21 years ago,
of genomic imprinting. In mammalian cells, some
genes – around 80 on the latest count – are marked as
originating from the male or female parent. The vast
majority of genes are present in two copies, which are
functionally equivalent. Not so for the ‘imprinted’
genes, one copy of which is usually inactive.
As the work developed, it became clear that cells can
tag DNA directly by adding methyl groups to particular
bases on a DNA strand. Alternatively, parts of the
histone proteins – the major components of the
complex DNA package known as chromatin – may
be modified. These alterations are important for other
aspects of development and differentiation as well as
imprinting. The study of the whole range of these
modifications is known as epigenetics.
Imprinting remains a good way to study epigenetics.
The fact that it creates a distinction between maternal
and paternal copies of a gene means that it must be
re-created in each generation. Somewhere on the path
to a sperm or an egg, all the old imprinting markers
(a mixture of male and female) must be removed and
a new set added that are uniquely male or female.

By Jon Turney,
a science writer
based in London.

How a mouse makes germ cells – WellcomeScience MARCH 2006

33

Left:
Professor
Azim Surani.

This points to the importance of the germ cells. “The
thing that was quite obvious,” recalls Professor Surani,
“was that the key mechanistic aspect of interest was
happening in the germ line. But we knew little about
germ-cell specification in mammals.”
Finding out more demanded an unusual combination
of skills. At day 7.5, around 40 primordial germ cells
are present in a small region of the embryo, but getting
hold of them requires the most delicate surgery. The
primordial germ cells are surrounded by other cells
whose descendants are destined to be normal somatic
cells. Professor Surani’s idea was to tease out a 250-cell
fragment from the embryo, separate the cells, and then
see which genes were active in each cell.

Key genes
By looking for activity in genes thought to be
important in germ cells, the team was able to
identify possible primordial cells and two genes
that appeared characteristic of the germ-cell line.
But this pair were only part of the story. One of them,
known as fragilis, turned out to appear earlier on,
and is also active in some of the neighbouring cells.
It seems to denote the potential to take the germ-cell
path, rather than a definite commitment. The other,
stella, is active a whole embryonic day later, and is
active much nearer the end of the process.
The search was on for more genes crucial to the
emerging germ-cell lineage. Professor Surani
reasoned that a way to make a germ cell would be to
stop it following a somatic pathway. “The key event
was repression of the somatic programme, so the
question became: how could this repression occur?”
The best candidates, the group decided, were genes
involved in modifying the histone proteins – around
50 of which were known by this time. So it was back
to the gene activity analysis, looking for active histone
methlytransferase genes. And that was exactly what
they found, in the shape of the gene known as Blimp1.
“We couldn’t believe it!” says Professor Surani.

34

RETURN TO THE FROG
Sir John Gurdon’s landmark work on nuclear transplantation in frogs
focused new attention on the problem of cell differentiation back in
the early 1960s. His group in Cambridge has lately returned to the
frog oocyte system, using the power of modern molecular genetic
techniques to probe control of gene activity.

The oocyte of the African clawed frog, Xenopus, is an exceptionally large
cell that is distinct from the fertilisable egg, and almost invites injection
of other, smaller cells. Remarkably, it turns out that it can induce nuclear
reprogramming of mammalian DNA – from an injected mouse cell, for
example. In one important recent study, Sir John and his colleague
Stina Simonsson – now at Göteborg University – showed that a mouse
marker gene for stem cells, oct4, is activated by DNA demethylation
by enzymes present in the frog oocyte.
This happens by direct modification of the injected DNA, rather than
by copying it and leaving the new copy unmodified. Painstaking
analysis of what the oocyte does with tailor-made DNA fragments
is now revealing the fine structure of the changes to the promoter.
For example, removal of one key methyl group that the mouse gene
acquires during development depends on other DNA bases some
distance away also being methylated. This means that the machinery
of the oocyte does not just strip the foreign DNA of control markers
willy-nilly, but treats it in the same way as, presumably, could occur
in the mouse.
This is only one aspect of gene control that is illuminated by nuclear
transfer experiments. The Gurdon group is also pursuing the implications
of some unexpected findings from a quite different set of frog-to-frog
transfers. Here, they found that marker genes from donor cell nuclei
go on being expressed in embryonic tissues derived from nuclear
transfer. In other words, the reprogramming that can occur when
the differentiated nuclei are injected onto the enucleated oocyte is
incomplete. And the descendant cells inherit a ‘memory’ of their
former pattern of gene expression through up to a dozen cell divisions.
As Sir John relates, “to my amazement this goes on for generations
in the absence of the signal which originally activated the genes”.
The team has not yet pinned down where this epigenetic memory
resides, although they have managed to rule out DNA methylation
this time.
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“Normally things don’t work out like that.” But now
they really did have a good candidate for the key gene
in germ-cell genesis.
Blimp1 was first identified as a key factor in the
maturation of the immune system cells called
B lymphocytes. It is now known to be involved in
a range of developmental processes. As control proteins
go, it has an impressive number of strings to its bow.
In conjunction with a large repressor complex, it can
block translation of genes, and it binds an enzyme that
adds methyl groups to histones. But another region
of the Blimp1 protein also seems to be a gene activator.
Expression of Blimp1 turns out to be crucial for
development of primordial germ cells; when it is
knocked out, they do not appear. It is initially active
in just six cells in the mouse embryo. It stays in the
cell nuclei from embryonic day 7.5 until four days
later, by which time the germ cells have migrated
to the developing gonads. The full details of its
influence over this time are still being worked out.
And the signal that selects those first six primordial
germ cells remains obscure.

Reprogramming
Along the way to becoming a potential contributor
to the next generation of mice, a primordial germ
cell has to remove the imprints its genes received
from the previous generation, and add a new set.
In line with this, researchers find clear signs of a
massive erasure of such markers – a bit like returning
a much-customised computer operating system to
factory settings, perhaps. Professor Surani puts it more
biologically: “There is a profound epigenetic event –
a dramatic, genome-wide demethylation.”
The ultimate goal of his and other groups is to get a
clear picture of how this cellular reprogramming works.
And the implications go far beyond an understanding
of germ-cell behaviour. It might show which markers
to remove or inscribe to make pluripotent stem cells,
for example. And it will be important to see if any
of the genes turn out to be involved in excessive
cell proliferation and cancer. “We are trying to get
a comprehensive understanding of all of these things,
which are interconnected,” says Professor Surani.
“We believe this will give us a much better idea how
cells function, and how the phenotype is controlled.”

MOTHER’S PRIDE
Imprinting may be evidence of a battle of the sexes, genome-style.

Every newly fertilised egg has two sets of chromosomes: one male
in origin, one female. An embryo made artificially with pairs of
chromosomes that are both female in origin (or both male) will not
develop properly. Soon after this unexpected finding emerged, Azim
Surani proposed that specific ‘imprinting’ of the male and female
genomes occurs when eggs and sperm are formed, so that their
genes are not exactly the same.
The idea has spawned three important lines of research. Most
obviously, there is the identification of the genes that are imprinted,
how their control regions permit imprinting, and what they do. This
still goes on, with one contribution from Professor Surani’s own lab
a few years ago highlighting a paternally inherited gene that female
mice need to nurture their blind, helpless young – dubbed the ‘good
mother’ gene. Mutations in Peg3 abolished maternal care – but only
when the mutation affected the paternally inherited gene.1
Then there is a small industry among evolutionary theorists trying
to account for the origins of imprinting, which in vertebrates seems
to occur only in mammals. This work generally builds on the idea
that the mother and the father, and the mother and her offspring,
do not have identical genetic interests. The male genome strives
to extract as many resources as possible from the mother; the
female genome seeks to protect her, so she can go through
further pregnancies.
Consistent with this theory, imprinting can make paternal growth
factor genes highly active, while in the female, the gene for the
growth factor receptor is turned down.
Finally, there are studies of the actual mechanism of imprinting, which
relate to wider questions about activation and deactivation of genes,
and have revealed a good deal about the subtleties of chemical
marking of DNA and chromatin – the complex of proteins and DNA
that packages the genes of higher organisms. This is where study
of imprinting feeds into the broader enquiry into epigenetics.
Reference
1 Li L et al. Regulation of maternal behavior and offspring growth by paternally
expressed Peg3. Science 1999;284(5412):330–3.

Left:
Whether a female mouse ignores
her offspring (far left) or shows normal
maternal behaviour (left) depends on
the origins of a mutation in the Peg3
gene. Maternal care is abolished if
the mutation is inherited from the
male parent.
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HYPOTHESIS

ALAS, poor George
Was it doctors or a dodgy diet that did for
King George III?
Scientists seem to be obsessed with uncovering the real reasons for
the demise of the famous. More than 50 theories have been proposed
to account for Charles Darwin’s ill health, while arsenic (possibly from
his wallpaper) might have done for Napoleon. George III’s eccentric
behaviour (memorably captured by Nigel Hawthorne in The Madness
of King George) has come in for particular scrutiny.
Back in 1969, it was suggested that the King’s periodic spells of
madness were the result of an inherited condition, variegate porphyria,
which affects the synthesis of haemoglobin. This idea was based on
historical evidence and a claim that living descendants showed signs
of the condition.
Martin Warren and colleagues have spent some years investigating
this possibility, tracking down living and dead relatives of the King,
and applying new genetic tests to search for evidence of a genetic
disorder. They concluded that porphyria probably did affect the
House of Hanover.
Most recently, they analysed one of George’s hairs. Although they were
not able to obtain DNA from the hair to test for a porphyria gene, they
discovered high levels of arsenic. Since arsenic interferes with haem
metabolism, this could explain why George had such severe and
prolonged illness. Moreover, they say, arsenic was present in some
of the medications doctors used to treat the King.

Above:

Royal flush: Nigel Hawthorne in The Madness of King George.
Medication or his strange diet might have exacerbated the
King’s porphyria.
Kobal
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However, this being science, there is no shortage of competing theories.
Bruce Spiegelman and colleagues in Boston, for example, point the
finger at George’s unusual diet. Rather than lavish kingly banquets,
George preferred simple foods, such as boiled eggs. This, suggests
Spiegelman, might have caused malnutrition or glucose starvation,
which leads to higher levels of a protein known as PGC-1α in the liver.
PGC-1α, the Boston group has discovered, is an activator of a key
enzyme in haem biosynthesis, ALAS-1, leading to a build-up of
damagingly high levels of haem precursors in people with porphyria.
Spiegelman’s group did not actually work directly with any of the King’s
tissues, but argue that their mechanism is a potential explanation for
George’s severe symptoms. Of more direct relevance to the present,
it suggests that people with porphyria should avoid diets or treatments
that activate PGC-1α in the liver.

Spotted in the Hertfordshire village of Much Hadham.
A natural selection for any self-respecting Darwinian
car driver.

SPL

Big issue
Researchers in the USA
have hit upon a novel
solution to the growing
problem of obesity –
brainwashing.
Researchers led by
Professor Elizabeth Loftus
at the University of California
managed to convince student

volunteers that, at some
time in the past, they had
had a bad experience with
strawberry ice cream, which
was enough to put them off
eating it. They achieved similar
success with pickles and
hard-boiled eggs, and were
also able to persuade the
students that they liked
asparagus.
Their approach was to
‘implant’ memories in the
students, so that they believed
the ice cream had made them
sick when they were younger.
The volunteers completed a
questionnaire about their food
preference and experiences,
and then received a computer
analysis that included the false
conclusion that they had been

Apopo

Rat trap

sick after eating strawberry
ice cream. Nearly 20 per cent
later said that strawberry ice
cream had made them ill and
they would not eat it again.
Even more strikingly,
in a second experiment
in which students were
asked to describe the fictitious
strawberry ice cream incident,
some 40 per cent were put
off sufficiently to say they
would not touch the
stuff again.
Professor Loftus, known
for her work on recovered
‘memories’ of childhood
sexual abuse, which she
believes are mainly false
memories, acknowledges
that there are ethical

Number of ‘search-and-infect’
proteins that phage can produce
(a mere 10 million million varieties),
overcoming bacterial protein
coat diversity.
Radford T. Organism can produce
10 trillion proteins. The Guardian 2005
21 September.

of cigarettes smoked
1 Number
per day that trebles the risk
of heart disease and lung cancer.
Laurance J. Just one cigarette a day
can treble risk of fatal illness. The
Independent 2005 22 September.
Doward J. The Observer 2005 8 May; 2.

77

A video of the monster rats sniffing out landmines can
be found at www.apopo.org.

“People kind of cringe at
the idea that anyone would
suggest that they lie to their
children,” she told the Los
Angeles Times, “but they do
it all the time when they say
that Santa Claus exists and
so does the tooth fairy.”
Bernstein DM et al. False beliefs
about fattening foods can have
healthy consequences. Proc Natl
Acad Sci USA 2005;
102(39):13724–31.

RANDOM NUMBERS
10 trillion

These giant rats are being used to diagnose
TB infections. The rats, the size of small dogs,
have been used to locate mines by sniffing the
characteristic odour of explosives. A Belgian
research centre in Tanzania is now using the rats’
olfactory skills to detect the presence of TB in tissue
samples. The rats, apparently, are more accurate
than conventional tests and process samples
quicker than laboratory technicians can.

difficulties with using the
approach as a possible
practical tool. She suggests,
though, that the technique
could be used to manipulate
young people’s diets so that
they eat more vegetables
and avoid unhealthy foods.

Percentage of people
supportive of early human
embryo research for at least some
purposes, according to a YouGov
poll; 11 per cent believed it
was never acceptable to use
early embryos.
King A. Most Britons back embryo
research – but draw the line at cloning
babies. The Daily Telegraph 2005
29 August.

Percentage of serious lung
infections where the cause
is never identified.

40

Number of chimp fossil teeth
found in Kenya, the first chimp
fossils ever discovered. They are
about half a million years old.

3

Theorists chew over fossil teeth.
The Times 2005 1 September.

of films watched
447 Number
by researchers looking
at the smoking habits of characters
in the movies. In films showing
modern US society, 23 per cent
of characters smoked, but they
were usually the unsuccessful
and unglamorous ones.
Radford T. Smoking left to bad guys and
low-life. The Guardian 2005 9 August.

23

Number of UK suicides
recorded on 1 January
2000, the largest number during
1993–2002. Monday is normally
the most common day for suicides
and among towns Blackpool has
the highest suicide rate. The only
day during those ten years when
there were no suicides was Friday
16 March 2001 – Comic Relief’s
Red Nose Day.

Womack S. It’s true, we really don’t like
Mondays but March 16, 2001, was a great
day. The Daily Telegraph 2005 26 August.

Swedish doctors identify new virus
causing severe lung infections in children.
The Times 2005 27 August.
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Obscure journal watch
1. Acta Astronautica
AKA: Journal of the International Academy of Astronautics
Publisher: Elsevier
ISSN: 0094-5765
Commenced publication 1955
Issues per year: 24
Rex Features

Mission: “Publishes original contributions in all fields of basic,
engineering, life and social space sciences and of space
technology related to: (1) the peaceful scientific exploration
of space, (2) its exploitation for human welfare and progress
and (3) the conception, design, development and operation
of space-borne and Earth-based systems.”

Clowning around
It probably sounded like a good idea at the time.
Surgery is likely to be upsetting for children, and
anything to make the experience less traumatic
is surely a good thing. But clown doctors?
The clinical trial was carried out in Italy, and was
randomised so that half the children were handled as
usual and half had the clowns. Clowns accompanied
the children into the operating theatre and amused the
children while the surgeons and theatre staff prepared
to operate.
The clowns did manage to lower anxiety levels in the
children by significant amounts, but the experiment
is unlikely to lead to changes in practice – they also
annoyed the surgeons. As the researchers drily put
it, “We would encourage the promotion of this form
of distraction therapy in the treatment of children
requiring surgery, but the resistance of medical
personnel makes it very difficult to insert this program
in the activity of the operating room.”
Vagnoli L et al. Clown doctors as a treatment for preoperative
anxiety in children: a randomized, prospective study. Pediatrics
2005;116(4):e563–7.

Potentially unmissable recent articles:
• Space traffic management: implementations and implications
• Social desirability bias in personality testing: implications
for astronaut selection
• The principle of topological interlocking in extraterrestrial construction
• The relative role of visual and non-visual cues in determining
the perceived direction of ‘up’: experiments in parabolic flight
• Regional and seasonal limitations for Mars intrinsic ecopoiesis
• Investigation of the application of aerobot technology at Venus
• Low-thrust fuzzy formation keeping for multiple spacecraft flying.
For you if: You’re interested in the effects of zero gravity on bone
formation; you own a box set of Star Trek DVDs; you know what
‘ecopoiesis’ means.
Not for you if: You believe the perceived direction of ‘up’ is a
philosophical rather than scientific question; you’ve already mastered
low-thrust fuzzy formation keeping when flying multiple spacecraft;
you feel a bit queasy in the back of a Ford Focus; you can’t afford
the 3520 euro annual institutional subscription.
See it at: www.sciencedirect.com/science/journal/00945765

RANDOM
MISSING
WORDS
Try your hand at this special
Wellcome Science ‘missing
words’ quiz, featuring a
selection of exciting headlines
from the UK’s press. To make
it easier we have provided
a list of the answers – see
if you can match them to
the corresponding headline.
No prizes. Answers at
www.wellcome.ac.uk/
wellcomescience.
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Mobile phones can trigger
eee damaae, fear scientists
The Sunday Telegraph

How nuts and tuna
can protect against
arthritis of the knee
The Daily Mail

Cobbles may hold
key to longer life
The Daily Telegraph

MUFFINS
EYE DAMAGE
COBBLES

Can’t sleep? Blame
cour aarents
The Guardian

Why a daila shower can give
you brain damage

A DAILY
SHOWER
YOGHURT

Yoaurt ‘could
cut MRSA’

A MOUSE’S
LOVESONG

The Daily Telegraph

YOUR
PARENTS

The finaer that
points to a penchant
for promiscuity

That ultrasonic
squeak is really
a mouse’s
lovesona

NUTS AND
TUNA

The Daily Mail

The Times

The Daily Express

Eating muffins lowers cholesterol
The Daily Mail

FINGER

RANDOM WORDS
VAGUSSTOFF
In the 1920s, recounts Charles
Stevens in a recent book review,1
the nature of the signal across the
synapse was the subject of some
controversy. There were two camps
– the ‘soups’ and the ‘sparks’ –
who believed that synaptic
transmission was chemical or
electrical, respectively. Henry Dale
(future Nobel Laureate and first
Chairman of the Wellcome Trust)
had shown that acetylcholine could
mimic the effect of nerves on some
body tissues, but the idea that tiny
neurons could produce hormonelike chemicals seemed far-fetched.
Nevertheless, in 1921, Otto Loewi
published a series of papers
showing that the vagus nerve
was secreting something that
slowed the heart. He called it
Vagusstoff. Dale went on to
show that Vagusstoff was in fact
acetylcholine. By the mid-1930s,
the soups had been vindicated,
and Dale and Loewi shared
a Nobel Prize.
In what Stevens calls a “readable
and instructive history of one of
neuroscience’s most important
scientific disputes”, Elliot Valenstein
considers why the dispute
dragged on so long. Even after
the Vagusstoff incident, the idea
that chemical signalling was central
to all synaptic transmission was
hard for some to swallow. Surely
only electrical effects could be
fast enough for, say, rapid muscle
contraction. Partly, suggests

Valenstein, the disputes were
“a discipline war” between
physiologists and pharmacologists;
partly, synapses turned out to be
more complex than anybody had
realised; and partly, answering the
question needed better
experimental tools.
“Controversy is an inevitable,
and essential, part of science,”
suggests Stevens, “but one
that scientists generally find
uncomfortable and tend to regard
as a blemish to be hidden from
the public.” Historical perspectives
such as this can illustrate how
intrinsic disagreement can be,
but also how it can stimulate
the experiments and thinking
that eventually lead to clarity.
1 Stevens C. Touching a nerve.
Nature 2005;437(7059):622. Review
of Valenstein ES. The War of the
Soups and the Sparks: The Discovery
of Neurotransmitters and the Dispute
over How Nerves Communicate. New
York: Columbia University Press; 2005.

KAROSHI
A Japanese term for working
yourself to death. In 2001, 143
people were officially recorded as
having died of karoshi. The Chinese
have a similar word, guolaosi, but
there is no English equivalent.
Gillan A. Work until you drop: how the
long-hours culture is killing us. The
Guardian 2005 20 August.

Above left:

SCARAMANGA
Immortalised by Christopher Lee
in The Man with the Golden Gun,
Scaramanga has been used to
name a gene that triggers breast
and nipple growth. James Bond’s
adversary was notable for his
possession of a third nipple,
a condition shared with one
in 18 people.

Scaramanga,
the man with
the golden gun
(and extra nipple).
Kobal

Below:

Doggy treats:
the full range
of Neuticles.
G Miller

Howard B et al. Identification of the
scaramanga gene implicates Neuregulin3
in mammary gland specification. Genes
Dev 2005;19(17):2078–90.

BANANAQUIT
Sadly, not a flavoured nicotine
substitute but a small South
American bird. Variations in its
plumage are due to the Mc1R
gene (as are those in snow goose
and Arctic skua), which is also
responsible for red hair in humans
(see page 2).
Mundy NI. A window on the genetics
of evolution: Mc1R and plumage
colouration in birds. Proc Biol Sci
2005;272(1573):1633–40.

NEUTICLES
Fake testicles designed for
neutered dogs. Gregg A Miller
of Oak Grove, Missouri, was
awarded the 2005 IgNobel Prize
for Medicine for Neuticles, which
are available in various sizes and
degrees of firmness. There are
now also ‘Neuticles UltraPlus
with Epididymis’.
www.neuticles.com

Stereotypically wrong
The Brits have a stiff upper lip and a sense of fair play;
the Germans are humourless efficiency freaks; the
Italians are excitable Latins. We probably all hold some
stereotypical views about our own population and
those of other nations, but a study of people in 49
countries has found that, as far as our own national
‘types’ are concerned, we are generally mistaken.
Terracciano et al. studied nearly 40 000 people in 49
different cultures, asking them to describe their national
character. They obtained personality scores for each
participant, both directly and from observers.

Oddly, people’s perceptions of their own national
characteristics bore little relation to the mean scores
of their fellow nationals. Often, perceptions were
more skewed than reality – Brits reckon other Brits
are introverted, but the evidence suggests otherwise.
There are various ways in which stereotypes might
be created or persist, suggest Terracciano et al.,
such as a subconscious tendency to ignore
information that violates our perceptions.
Terracciano A et al. National character does not reflect
mean personality trait levels in 49 cultures. Science
2005;310(5745):96–100.

Rex Features

We may think we know what our ‘national
character’ is, but psychological research
suggests we usually get it wrong.
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IN BRIEF
Drug lottery
Drugs for Parkinson’s disease can
trigger uncontrollable gambling.
A study of 11 patients revealed
that they all started gambling after
starting courses of pramipexole
or ropinirole. All recovered (from
the gambling) when drug dosages
were reduced.

Meet the bat
With their flying and echolocation abilities, bats
are extraordinary creatures. Remarkably, they
account for fully one-quarter of all mammalian
species. Unfortunately, they have also recently
been fingered as the hosts of two deadly human
pathogens – the SARS and Ebola viruses.

Dodd ML et al. Pathological gambling
caused by drugs used to treat Parkinson
disease. Arch Neurol 2005;62(9):1377–81.

The SARS virus is thought to have crossed a species
barrier from its natural host, causing potentially deadly
disease in people. It was originally thought to have
come from masked palm civits, but it appears that
the civit was just an intermediary between bats, the
natural host, and humans. Sequence comparisons
of the virus from humans and the Chinese horseshoe
bat strongly suggest that the bat virus was the
source of the human infection.

Pain of death
Americans worth over $70 000
(the US median) are 30 per cent
less likely than poorer people to
suffer pain at the end of their lives.
The data come from a study of
2600 adults who died between
1993 and 1998.

How did the civit get involved? That may reflect
peculiarities of the bats’ eating habits. Because
bats fly, they need to be light but they also need
a lot of energy. Fruit-eating bats therefore tend to
extract sugars from fruit but expel or leave much
of the body of the fruit. These can be picked up
by foraging animals – along with bat viruses.

Silveira MJ et al. Net worth predicts
symptom burden at the end of life.
J Palliat Med 2005;8(4):827–37.

Li W et al. Bats are natural reservoirs of SARS-like
coronaviruses. Science 2005;310(5748):676–9.
Leroy EM et al. Fruit bats as reservoirs of Ebola virus. Nature
2005;438(7068):575–6.
Lau SK et al. Severe acute respiratory syndrome coronaviruslike virus in Chinese horseshoe bats. Proc Natl Acad Sci USA
2005;102(39):14040–5.
Dobson AP. Virology. What links bats to emerging infectious
diseases? Science 2005;310(5748):628–9.

Love loss
Breaking up gives you wrinkles.
Research carried out by Estée
Lauder (the company, not a
scientist) has found that skin
recovery after water loss is
compromised in women going
through a stressful separation or
divorce. Loss of water can make
the skin dry out, causing wrinkles.
The Daily Mail 2005 26 July.

The Times 2005 25 July.



As for Ebola, the first recorded human outbreak
was in 1976, and it periodically affects other primates.
Leroy et al. tested more than 1000 small vertebrates
collected during outbreaks in Gabon and the Republic
of the Congo in 2001 and 2003. Ebola virus was found
in three species of fruit bat, suggesting that these
animals are its reservoir host.
Emergent diseases are a cause of great concern.
In early stages, containment is the best strategy,
to prevent infectious agents spreading widely. When
the origins of the infections are identified, as in the
bat work, emphasis can then be placed on stopping
the organism getting into humans in the first place.

Preshaw PM et al. The effect of quitting
smoking on chronic periodontitis. J Clin
Periodontol 2005;32(8):869–79.

No laughing matter
Chocolate containing bubbles
of nitrous oxide (laughing gas)
has a more intense flavour than
chocolate aerated by other gases,
researchers at the University of
Reading have discovered. It’s down
to the size of the bubbles, they
say: N2O creates bigger ones.

Bats were already known to be the reservoir host
of Nipah virus – and again transmission to humans
may be linked to bats’ dietary habits. In a region of
Malaysia affected by Nipah virus, pigsties on farms
were full of partially digested fruits deposited by bats.
And in Bangladesh, young boys climb trees to pick
fruit, including those nibbled by bats. The youths sell
their fruit to local salesmen, who travel from village
to village on bicycles, selling a pulped fruit drink.
The Nipah outbreaks in Bangladesh often follow
the trails of these cycling salesmen.

By gum
Give up smoking and your teeth
are less likely to fall out. Researchers
in Newcastle followed 49 patients
with chronic gum disease; gum
health was significantly better in
those who had kicked the habit.

RANDOM BAT FACTS
• Bats make up a quarter of all
mammalian species.
• The Bacardi logo reflects the fact that
the soil where the sugar cane grows
is fertile because of bat guano.
• When flocks of bats leave a cave, they
always turn left before flying off.
• The world’s smallest mammal is the
bumblebee bat of Thailand, weighing
only 2 grams.
• Tiny woolly bats in West Africa live
in the large webs of colonial spiders.
• Fishing bats have echolocation so
sophisticated that they can detect a
minnow’s fin as fine as a human hair,
protruding only 2 mm above a pond’s
surface.
• The pallid bat of western North America
is immune to the stings of scorpions.
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INFLAMMATORY, MY DEAR
WATSON
Genetic engineering can be dangerous.
A concrete sculpture of DNA installed
at Clare College Cambridge (one-time
home to James Watson) blew up in
September 2005. Natural gases are
thought to have collected under the
sculpture and ignited when a welder
was repairing it. A lesson, surely,
on the perils of tampering with DNA.
Sapsted D. Genetic engineering makes
sculpture go bang. The Daily Telegraph
2005 1 October.

CAERPHILLY DOES IT
Cheese does not give you nightmares.
To quash this vile canard, the British
Cheese Board conducted an “in-depth
Cheese & Dreams study”, the first of its
kind, apparently. Some 200 volunteers
each ate a 20 gram piece of cheese half
an hour before going to sleep; 72 per
cent slept well every night, 67 per cent
remembered their dreams and none
experienced any nightmares. (No data
were provided on the experience of the
control group. Or, indeed, whether there
actually was a control group.)
Interestingly, though, some cheeses
were associated with particular types
of dream. Two-thirds of the volunteers
who ate Lancashire had a dream about
work, while 65 per cent of people eating
Cheddar dreamt about celebrities. But
beware the lady with a taste for Stilton:
85 per cent of them “had some of the
most unusual dreams of the whole
study” – conjuring up, among other

things, “talking soft toys, lifts that move
sideways, a vegetarian crocodile upset
because it could not eat children, dinner
party guests being traded for camels,
soldiers fighting with each other with
kittens instead of guns and a party
in a lunatic asylum”. But no nightmares.
www.cheeseboard.co.uk/news.cfm?
page_id=240

GRUB GRUB
Caterpillars can be deadly predators.
Well, if you’re a snail. They normally
concentrate on annoying gardeners,
but some caterpillars have developed
a taste for flesh. The recently
discovered larva of a Hawaiian
moth, Hyposmocoma molluscivora,
sneaks up on an unsuspecting snail
(though it could presumably outpace
its victim too) and lashes it to the spot
with silk threads. It then feeds on the
helpless snail inside its shell. Nice.
Rubinoff D, Haines WP. Web-spinning
caterpillar stalks snails. Science
2005;309(5734):575.

KNOCK ME DOWN
Goats can faint. Fainting goats are,
apparently, popular pets and livestock
in the USA. In fact, they don’t actually
faint – when they are startled, their
muscles seize up, causing them to
collapse with their legs locked rigid;
they are conscious throughout.
The goats have a genetic condition,
myotonia congenita, which affects an
ion channel in their muscles and can
also affect people (usually causing

JC Knapp

Things we learned preparing
this issue of Wellcome Science

muscle stiffness rather than ‘fainting’).
The goats appear to have been
introduced to Tennessee by a farm
worker from Nova Scotia in the early
1800s. He sold his goats – three does
and a buck – to a Dr H H Mayberry, who
bred them. The goats have a novelty
value, but are also popular because they
reproduce well and produce good meat.
A short video of a faint can be found at
www.rfaintingfarm.com/goat.mpeg. The
International Fainting Goat Association
can be found at www.faintinggoat.com.
The very keen can sign up for their
e-newsletter, the Myotonic Messenger.
A REX BY ANY OTHER NAME
T. rex should not be called T. rex at all.
In palaeontology, the same fossil species
is often independently discovered and
named more than once, in which case
the earliest recorded name takes priority.
The first piece of Tyrannosaurus rex
(‘tyrant lizard king’) was found by
Edward Cope in 1892, and he called
it Manospondylus gigas (‘giant thin
vertebra’). But he did not find enough
fossil bones for the name to stick, and
T. rex was more fully described and
named in 1902. More than 100 years
after Cope, palaeontologists discovered
the rest of Cope’s original skeleton – and
so his original name should, in theory,
have been adopted. However, the
authorities changed the rules, and
T. rex was saved.
What’s in a name? New Scientist 2005
1 October.
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