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Polycelis felina, a freshwater planarian. Image: Eduard Sola, Wikipedia.

Researchers from The University of Nottingham have demonstrated how
a species of flatworm overcomes the ageing process to be potentially
immortal.

The discovery, published in the Proceedings of the National Academy of
Sciences, may shed light on the possibilities of alleviating ageing and age-
related characteristics in human cells.

Planarian worms have amazed scientists with their apparently limitless
ability to regenerate. Researchers have been studying their ability to
replace aged or damaged tissues and cells in a bid to understand the
mechanisms underlying their longevity.
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Dr Aziz Aboobaker from the University's School of Biology, said:
"We've been studying two types of planarian worms; those that
reproduce sexually, like us, and those that reproduce asexually, simply
dividing in two. Both appear to regenerate indefinitely by growing new
muscles, skin, guts and even entire brains over and over again.

"Usually when stem cells divide — to heal wounds, or during
reproduction or for growth — they start to show signs of ageing. This
means that the stem cells are no longer able to divide and so become less
able to replace exhausted specialised cells in the tissues of our bodies.
Our ageing skin is perhaps the most visible example of this effect.
Planarian worms and their stem cells are somehow able to avoid the 
ageing process and to keep their cells dividing."

One of the events associated with ageing cells is related to telomere
length. In order to grow and function normally, cells in our bodies must
keep dividing to replace cells that are worn out or damaged. During this
division process, copies of the genetic material must pass on to the next
generation of cells. The genetic information inside cells is arranged in
twisted strands of DNA called chromosomes. At the end of these strands
is a protective 'cap' called a telomere. Telomeres have been likened to
the protective end of a shoelace which stops strands from fraying or
sticking to other strands.

Each time a cell divides the protective telomere 'cap' gets shorter. When
they get too short, the cell loses its ability to renew and divide. In an
immortal animal we would therefore expect cells to be able to maintain
telomere length indefinitely so that they can continue to replicate. Dr
Aboobaker predicted that planarian worms actively maintain the ends of
their chromosomes in adult stem cells, leading to theoretical immortality.

Dr Thomas Tan made some exciting discoveries for this paper as part of
his PhD. He performed a series of challenging experiments to explain
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the worm's immortality. In collaboration with the rest of the team, he
also went some way to understanding the clever molecular trick that
enabled cells to go on dividing indefinitely without suffering from
shortened chromosome ends.

Previous work, leading to the award of the 2009 Nobel Prize for
Physiology or Medicine, had shown that telomeres could be maintained
by the activity of an enzyme called telomerase. In most sexually
reproducing organisms the enzyme is most active only during early
development. So as we age, telomeres start to reduce in length.

This project identified a possible planarian version of the gene coding
for this enzyme and turned down its activity. This resulted in reduced
telomere length and proved it was the right gene. They were then able to
confidently measure its activity and resulting telomere length and found
that asexual worms dramatically increase the activity of this gene when
they regenerate, allowing stem cells to maintain their telomeres as they
divide to replace missing tissues.

Dr Tan pointed out the importance of the interdisciplinary expertise: "It
was serendipitous to be sandwiched between Professor Edward Louis's
yeast genetics lab and the Children's Brain Tumour Research Centre,
both University of Nottingham research centres with expertise in
telomere biology. Aziz and Ed kept demanding clearer proof and I feel
we have been able to give a very satisfying answer."

However, what puzzled the team is that sexually reproducing planarian
worms do not appear to maintain telomere length in the same way. The
difference they observed between asexual and sexual animals was
surprising, given that they both appear to have an indefinite regenerative
capacity. The team believe that sexually reproductive worms will
eventually show effects of telomere shortening, or that they are able to
use another mechanism to maintain telomeres that would not involve the
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telomerase enzyme.

Dr Aboobaker concluded: "Asexual planarian worms demonstrate the
potential to maintain telomere length during regeneration. Our data
satisfy one of the predictions about what it would take for an animal to
be potentially immortal and that it is possible for this scenario to evolve.
The next goals for us are to understand the mechanisms in more detail
and to understand more about how you evolve an immortal animal."

Professor Douglas Kell, BBSRC Chief Executive, said: "This exciting
research contributes significantly to our fundamental understanding of
some of the processes involved in ageing, and builds strong foundations
for improving health and potentially longevity in other organisms,
including humans."
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