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Longevity gene makes
Hydra immortal and
humans grow older

Why do we get older? When do we die and why? Is there a life without
ageing? For centuries, science has been fascinated by these questions.
Now researchers from Kiel (Germany) have examined why the polyp
Hydra is immortal and unexpectedly discovered a link to ageing in
humans. The study carried out by Kiel University together with the Univer-

sity Medical Center Schleswig Holstein

will be published this week in the Proceedings of the National Academy

of Sciences

The tiny freshwater polyp Hydra
does not show any signs of
ageing and is potentially immor-
tal. There is a rather simple bio-
logical explanation for this:
these animals exclusively repro-
duce by budding rather than by
mating. A prerequisite for such
vegetative-only reproduction is
that each polyp contains stem
cells capable of continuous pro-
liferation. Without these stem
cells, the animals could not
reproduce any more. Due to its
immortality, Hydra has been the
subject of many studies regard-
ing ageing processes for several
.years

When people get older, more
and more of their stem cells lose
the ability to proliferate and
thus to form new cells. Ageing
tissue cannot regenerate any
more, which is why for example
muscles decline. Elderly people
tend to feel weaker because
their heart muscles are affected
by this ageing process as well. If
it were possible to influence
these ageing processes,
humans could feel physically
better for much longer. Study-
ing animal tissue such as those
of Hydra - an animal full of
active stem cells during all its
life - may deliver valuable
insight into stem cell ageing as
such.

@f@w



hydra

Immortality mechanism  of
Hydra revealed

The Kiel research team exam-
ined FoxO in several genetically
modified polyps: Hydra with
normal FoxO, with inactive FoxO
and with enhanced FoxO. The
scientists were able to show that
animals without FoxO possess
significantly fewer stem cells.
Interestingly, the immune
system in animals with inactive
FoxO also changes drastically.
"Drastic changes of the immune
system similar to those
observed in Hydra are also
known from elderly humans,
explains Philip Rosenstiel of the
Institute of Clinical Molecular
Biology at UKSH, whose
research group contributed to
the study

Without stem cells we all die

Scientifically, the study has two
major conclusions: On the one
hand it confirms that the FoxO
gene plays a decisive role in the
maintenance of stem cells. It
thus determines the life span of
animals - from cnidarians to
humans. On the other hand, the
study shows that ageing and
longevity of organisms really
depend on two factors: the
maintenance of stem cells and
the maintenance of a function-
ing immune system.

Mapping cells in the 'immortal’
regenerating hydra

The tiny hydra, a freshwater
invertebrate related to jellyfish
and corals, has an amazing abili-
ty torenew its cells and regener-
ate damaged tissue. Cut a hydra
in half, and it will regenerate its
body and nervous system in a
couple of days. Researchers at
the University of California,
Davis have now traced the fate
of hydra's cells, revealing how
three lines of stem cells become
nerves, muscles or other
tissues.



Celina Juliano, assistant profes-
sor in the UC Davis Department
of Molecular and Cellular Biolo-
gy, project scientist Stefan
Siebert and colleagues includ-
ing Jeff Farrell, a postdoctoral
researcher at Harvard University,
sequenced the RNA transcripts
of 25,000 single hydra cells to
follow the genetic trajectory of
nearly all differentiated cell

types.

The beauty of single-cell
sequencing and why this is such
a big deal for developmental
biologists is that we can actually
capture the genes that are
expressed as cells differentiate
from stem cells into their differ-
ent cell types, Juliano said.

The study gives developmental
biologists a high-resolution
map of the three stem cell devel-
opmental lineages in hydra. The
data set will help researchers
understand regulatory gene net-
works in place early in evolution
that are shared among many
animals, including humans,
Siebert said. Understanding
how the hydra regenerates its
entire nervous system, for exam-
ple, could help us better under-
standneurodegenerativediseas-
es in humans.

A A (A
Celina Juliano

neurodegenerative diseases in
humans.

Regenerates from three lines of
stem cells

Hydra continuously renew their
cells from three different stem
cell populations. The research-
ers analyzed sets of messenger
RNAmolecules, called transcrip-
tomes, from individual hydra
cells and grouped the cells
based on their expressed
genes. They could then build a
decision tree showing how
each lineage of stem cells gives
rise to different cell types and
tissues. For example, the inter-
stitial stem cell lineage produc-
es nerve cells, gland cells and
the stinging cells in the
animal's tentacles.



By building a decision tree for
the interstitial lineage, we unex-
pectedly found evidence that
the neuron and gland cell differ-
entiation pathway share a
common cell state, said Juliano.
Thus, interstitial

stem cells appear to pass
through a cell state that has
both gland and neuron poten-
tial before making a final deci-
sion.

The single cell molecular map
also allowed Juliano and
colleagues to identify genes that
may control these decision-mak-
ing processes, which will be the
focus of future studies

Researchers are especially inter-
ested in hydra's ability to regen-
erate its nervous system, which
could give insights into treating
trauma or degenerative disease
in humans.

All organisms share the same
injury response pathway but in
some organisms like hydra, it
leads to regeneration, said coau-
thor and graduate student Abby
Primack. In other organisms, like
humans, once our brain is
injured, we have difficulty recov-
ering because the brain lacks
the kind of regenerative abilities
we see in hydra.
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