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By David Cox

érard Karsenty

was a young scientist trying to make
aname for himself in the early 1990s
when he first stumbled upon a finding
that would go on to transform our
understanding of bone, and the role
it plays in our body.

Karsenty had become interested in
osteocalcin, one of the most abundant
proteinsin bone. He suspected that it
playeda crucialrolein bone remodel-
ling - the process by which our bones
continuously remove and create new
tissue - which enables us to grow
during childhood and adolescence,
and also recover from injuries.

Tostudy this, he conducted a genetic
knockout experiment, removing the
gene responsible for osteocalcin from
mice. However, his mutant mice did
not appear to have any obvious bone
defects. “For him, it wasinitiallya total
failure,” said Mathieu Ferron, a former
student of Karsenty who now heads a
research lab studying bone biology at
ICRM in Montreal.

But then Karsenty noticed some-
thing unexpected. While their bones
had developed normally, the mice
appeared to be both noticeably fat

‘Ifyou exercise
regularly, it stimulates
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and cognitively impaired.

“Mice that don’t have osteocalcin
have increased circulating glucose,
and they tend to look a bit stupid,”
said Ferron. “It may sound silly to say
this, but they don’t learn very well,
they appear kind of depressed. But it
took Karsenty and his team some time
to understand how a protein in bone
could be affecting these functions.
They wereinitially a bit surprised and
terrified as it didn’t really make any

Almost 15 years later, Karsenty
would publish the first of a series of
landmark papers that would revolu-
tionise our perspective onbone and the
skeleton in general. We used to view
our skeleton as primarily a mechanical
structure whose mainroleis toserveas
ascaffold for the rest of the body. But
our bones are very much live organs,
which we now believe play a role in
regulating processes ranging from
memory to appetite, muscle health,
fertility, metabolism and many others.

We now know that bones commu-
nicate by participatingin a network of
signals to other organs through pro-
ducing their own hormones, proteins
thatcirculatein the blood. Karsenty’s
mice eventuallyled him torealise that
osteocalcin was one such hormone,
and understandingitslinks toregulat-
ing so many of these functions could
have implications in terms of public
health interventions.

Reversing age-related decline
Humansreach peakbone massin their
20s; from then onwards, it is a slow
decline that can eventually lead to
frailty and diseases such as osteopo-
rosisin old age. Over the past decade,
new findings have suggested that this
reduction in bone mass may also be
linked to the weakening of muscles
-referred toin medical terms as sarco-
penia - as well as the memory and
cognitive problems that many of us
experience as we age. This appears to
be connected to the levels of osteo-
calcinin theblood, throughitsroleasa
“masterregulator”, influencing many
other hormonal processes in the body.
“Osteocalcin acts in muscle to
increase the ability to produce ATP,
thefuelthatallows ustoexercise,” said
Karsenty. “In the brain, it regulates the
secretion of most neurotransmitters
that are needed to have memory.
The circulating levels of osteocalcin
declines in humans around mid-life,
which is roughly the time when

these physiological functions, such

asmemory and the ability to exercise,
begin to decline.”

Karsenty has conducted experi-
ments in which he has shown that by
increasing osteocalcin in older mice
through injections, you can reverse
many of these age-related ailments.

Scientists have also found that for
humans, one way of naturally main-
taining thelevels of thishormonein the
blood, even as we age, is through exer-
cise, something that makes intuitive
sense, as physicalactivity haslongbeen
known to have anti-ageing properties.
Ferronis hopingthat these findings can
be used to support public health mes-
sages about the importance of staying
active through middle ageand beyond.

“If you exercise regularly, then it
stimulates your bone to make more
osteocalcin, and that will have these
beneficial effects on muscle and
brain,” Karsenty said. “From epidemi-
ological studies, we know that people
who are very active tend to have less
of a cognitive decline with age than
sedentary people. With time, maybe
people will be more aware of this con-
nection, and think of their bone health
as being just as important as other
aspects of staying healthy.”

Ongoing research in this area also
suggests that exercising more during
the teenage years and early adult-
hood can continue to have a protec-
tive effect on bone and other aspects
of health much later in life.

“This means they reach a higher
peak bone mass,” Ferron said. “Which
will protect them from age-related
problems linked to osteocalcin
decline.”

Using bone hormones for new drugs
Osteocalcin is not the only bone hor-
mone to have caught the attention of
scientists. At the Mayo Clinic, Sundeep
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Exercise for health
Despite public
health messages and
guidelines regarding
exercise - the NHS
recommends at
least 150 minutes of
moderate-intensity
exercise per week

or 75 minutes of
vigorous aerobic
exercise -in 2017,
the British Heart
Foundation found that
thatabout 20 million
adultsin the UK are
insufficiently active.

V The
bone-build-
ing protein
osteocalcin

Khosla has been studying a hormone
called DPP4, whichis madeby cellson
the outer layers of bone, called osteo-
clasts, and appearsto playarolein how
bone regulates blood sugar.

Khoslaisinterested in thishormone
because the drug denosumab - which
is prescribed to osteoporosis patients
to slow down the rate of bone loss -
seems to havea positive effect on DPP4
as well. In a study of osteoporosis
patients taking denosumab published
earlier this year, he noticed that those
also suffering from diabetes saw an
improvement in their symptoms.

“This shows that maybe this drug
can treat both osteoporosis and dia-
betes at the same time,” Khosla said.
“We’re now looking to follow up
on these observations and test this
through a randomised control trial”

However, osteocalcin, with its
potential to prevent many aspects of
age-related decline, remains the major
topic of interest in bone research.
Given that so many people ignore
public health guidelines on exercise,
Karsenty is working on a means of
artificially increasing the levels of
osteocalcin in the blood and has filed
a patent on using it to treat cognitive
disorders.

“This is not easy, but what we are
hoping to do is to deliver osteocalcin
perhaps through developing a mole-
cule which regulates osteocalcin,” he
said. “The idea would be eventually
to have something which could be
used totreatage-related diseases such
as sarcopenia and memory decline.
Thisisreally going to profit the elderly
the most, but anyone with a decline
in muscle function, because of a hip
fracture or another condition, could
also benefit from this treatment.”

Ferron said that such a treatment
would differ from current medications
asthey only work by blocking boneloss;
adrugtargeting osteocalcin would aim
to stimulate bone gain.

“Treatments like that tend to be
more costly and more difficult as
protein injections don’t have a very
long half-life,” said Ferron. “My lab is
developinga stabilised form of osteo-
calcinsoit can stay longerin the body,
but the best solution would be to have
some sort of small pharmacological
molecules that could be put in a pill
totarget thereceptor of osteocalcin to
stimulateitsactivity. Sothat’stheidea
Isee for the future.” Observer
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