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Within two days, the
participants learn
and unlearn fear.
During the learning
experiment, they are
observed in a 7 Tesla
magnetic resonance
tomograph.



rushing your teeth, riding a bike, eating an apple: We
are only able to perform these everyday actions thanks

to an often-overlooked region of the brain known as the
cerebellum. It weighs just 150 grams, but contains 8o per cent
of our neurons. As a motor control center, it controls key mo-
tion sequences in the body and is responsible for our balance
and coordination. It has been known for several years that the
cerebellum also controls cognitive processes such as problem
solving. And not only that. For a long time, the fact that the
cerebellum also plays an important role in regulating our
emotions — such as when processing fear — has been ignored.
Professor Melanie Mark from Ruhr University Bochum and
Professor Dagmar Timmann from the University of Duis-
burg-Essen are two of the first researchers to provide experi-
mental evidence that the cerebellum contributes towards both
the learning and the extinction of conditioned fear responses.

To investigate the role that the cerebellum plays in fear
learning, the two neuroscientists conducted learning exper-

To trigger fear in the learning experiment, the parti-

cipants feel an unpleasant electric shock on their shin

when they see a certain image on the monitor. They

quickly learn to associate the image with the electric

shock.

The term “ataxia“ is ambiguous. Ataxia generally
describes motion sequence impairments. There can
be many different causes of coordination problems.
For instance, they can be due to malfunctions in the
peripheral nervous system, in the spinal cord or in the
brain. Someone who displays ataxic symptoms thus
does not necessarily suffer from a cerebellar disease,
i.e. cerebellar ataxia, but, for instance, may have se-
vere polyneuropathy and thus sensory ataxia. Ataxia,
however, describes a group of illnesses in which the
cerebellum is always involved. A distinction is made
between acquired and hereditary forms of ataxia.

Within their research project, the researchers benefit
from the new Terra 7 tesla MRI system at the Erwin
L. Hahn Institute in Essen. The full-body MRI scanner
works with a magnetic field strength of 7 tesla and
enables detailed high-resolution images of the brain.
In comparison to the 1.5 tesla and 3 tesla scanners,
which are often used in clinical imaging, the 7 tesla
system offers much higher accuracy for the measure-
ments. The stronger the magnetic field, the more
precisely the functional structure of our brain can be
identified in the images.

iments — the neurologist with humans
and the neurobiologist with mice. “In our
studies, we draw on classic fear-condi-
tioning experiments and compare healthy
humans and mice with those that have a
cerebellar disease, ataxia,” says Timmann,
summarizing the shared study design.

In her latest study, the clinical neuro-
scientist selected 20 participants who
suffer from rare cerebellar diseases such
as spinocerebellar ataxia type 6 (SCAOG),
in addition to 20 healthy people. “The
movement disorder SCAG is triggered
by a genetic defect similar to Hunting-
ton’s disease and only affects a very small
number of people in Germany,” explains
Timmann, who has been offering ataxia
consultations at Essen University Hospi-
tal for many years. “SCAG is associated
with a loss of a specific type of neuron in
the cerebellum, the Purkinje cells. The
Purkinje cells are important as intermedi-
aries between the cerebellum and the rest
of the brain. For instance, the cerebellum
helps the cerebrum to optimize motion se-
quences,” says the researcher.

In their study, Timmann and her team
had patients and participants learn and
then unlearn fear within two days while
observing them in the 7 tesla MRI scan-
ner.
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Neurologist Pro-

fessor Dagmar
Timmann from
the University
of Duisburg-
Essen (left) and
neuroscientist
Professor Mela-
nie Mark from
Ruhr University
Bochum are
working closely
together on un-
derstanding the
cerebellum.

To trigger fear, the participants were given
an unpleasant electric shock on their shin
whenever they saw a certain image on the
monitor on day 1. They soon learned that
an electric shock was imminent whenever
this image was shown. The skin conduc-
tance and pupil size of the participants
were measured during the experiment.
“Our participants’ pupils dilated and their
skin conductance increased when the
shock took place. And, as shown over the
course of the experiment, also when pain
was expected,” says Timmann. The obser-
vation corresponds to the answers that the
participants gave in the questionnaires at
the end of the experiment. While the im-
age triggered neutral feelings at the start
of the experiment, the people stated at the
end that the image triggered fear in them.

The image was shown again on day
2, but this time it was not followed by a
shock. “The participants unlearned the

Melanie Mark and her team have established a mouse
model for the human illness SCAG in order to under-
stand how the cerebellar disease arises and to develop
possible treatments. It is known that SCAG is among
what are known as the polyglutamine diseases, along

with Huntington's disease. In these diseases, proteins
contain too many repeats of the amino acid glutamine
in certain areas. Melanie Mark's team uses a human
calcium channel fragment, which carries the same
glutamine repeats as in SCAB patients, and introduces
it into the Purkinje cells of mice. This fragment is suffi-
cient to trigger SCABG-like symptomes.

fear response, which is called extinction,” explains Timmann.
And the result? The direct comparison of healthy participants
and people with ataxia confirmed the assumption that people
with ataxia have deficits when learning and unlearning fear.
Not only did the acquisition and consolidation of the learned
fear response take longer than in the healthy control group,
but unlearning the fear was also more prolonged. However,
the deficits were much lower than expected: “Beforehand, we
assumed that our ataxia patients would be much more signif-
icantly impaired during the fear conditioning and that this, in
turn, would be associated with clearly visible changes in the
cerebellum,” says Timmann. However, in the 7 tesla MRI, the
activation pattern in the ataxia patients was also reasonably
well preserved and only showed minor deviations from the
healthy participants.

To confirm the Essen clinician’s observations, her re-
search colleague in Bochum, neurobiologist Melanie Mark,
conducted the fear conditioning study with healthy mice and
mice suffering from SCAG. Mark used SCAG mouse models
that she had already developed for previous studies.

“We wanted to find out whether our degenerative cerebel-
lum mouse model shows similar deficits in fear condition-
ing,” says Mark. During the learning ex-
periment, the healthy and sick mice were
conditioned on day 1 by giving them a
shock whenever they heard a certain tone,
causing them to learn to associate the tone
with the unpleasant shock from then on.
Whenever they heard the tone after that,
both the healthy and the sick mice froze in
fear of the electric shock.

One day later, only the tone sounded,
but there was no shock. The healthy mice
nevertheless froze in fear as they expected
the shock. In contrast to this, the SCAG
mice showed much less fear on day 2. “Our
SCAG mice were able to learn the fear re-
sponse exactly like the people with ataxia,
but they did not consolidate what they had
learned. Their memory of the learned as-
sociation task did not last until the next
day,” explains Mark. The researcher was
thus able to show that the fear memory in



OUR BRAIN’S CONDUCTOR,

SYMPHONIES OF OUR THOUGHTS

the SCAG mice was disrupted in comparison to the healthy
mice. The cerebellar disease prevented the mice from consol-
idating what they had learned and, based on this, from being
able to make a learned prediction.

Mark thus came to the same conclusion as Timmann: The
cerebellum plays a role in learning fear responses. However,
the deficits were also much lower than expected in the mouse
model. “In this chronic illness, other regions of the brain have
possibly learned to compensate for the cerebellar deficit. This
is desirable from an evolutionary perspective. If a region fails,
the whole neuronal circuit does not immediately collapse.
This does not mean that the cerebellum is not involved,” ex-
plain Mark and Timmann.

Melanie Mark’s team is now working hard on rectifying
the learning deficits in SCAG mice using various methods.
“The special thing about our mouse model is that we can spe-
cifically control and stimulate individual cells and cell popula-
tions in the cerebellum to see what role they play in learning
and forgetting fear,” explains Mark. In the long term, Mark
and Timmann hope to better understand the precise contri-
bution made by the cerebellum in these learning processes.
The special cooperation between neurology and neurobiology,
which the Collaborative Research Center 1280 makes possi-
ble, is indispensable here.

With their research, Mark and Timmann are paying a re-
gion of the brain the attention it has long deserved. Their re-
sults confirm that the cerebellum plays an important role in
fine-tuning our fear responses. “The cerebellum is our brain’s
conductor, which controls the symphonies of our thoughts
and emotions,” describes Mark. “It collects and organizes all
of the information and then passes on the knowledge to other
regions of the brain and makes a prediction.”
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The fear conditioning is investigated in
healthy mice and mice suffering from
SCAG.

The researchers carefully observe and study
the movement patterns of mice during fear

conditioning.
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