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Williams syndrome is a neurodevelopmental disorder characterized
by hypersociability and unique neurocognitive abnormalities. One of
the characteristics of Williams syndrome is an inappropriate increase
in social behavior. People with the syndrome may be overly friendly,
even to strangers. We performed a novel study in our lab that
demonstrated that the lack of a gene called Gtf2i may play a role
in Williams syndrome. When this gene is absent, there are changes
to one of the most important brain components for transferring
signals in the brain and are likely to contribute to the over-friendliness
observed in Williams syndrome. We expose surprising mechanisms
involved in an increased social behavior, which is one of the
characteristics of Williams Syndrome. In this article, we demonstrate
how drugs can compensate for the damaged part of the brain and can
bring the increased friendly behavior down to a normal level.
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Gtf2i

A gene that is missing
in people with Williams
syndrome. The
absence of Gtf2i is
correlated with the
social disorders of

the syndrome.

MODEL MICE

Mice that have been
genetically modified
serve as a model for a
certain human disease.
In this case, our model
mice lacked the Gtf2i
gene in neurons in the
front of the brain.

MYELIN

A fatty layer covering
the axon to keep the
signal transfer fast and
efficient, much like an
insulating material
covering an

electrical wire.

AXON

A long arm or
extension of a nerve
cell that carries the
signal to the next cell.
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WHAT IS WILLIAMS SYNDROME?

Imagine walking down the street and suddenly running into a
dangerous person. You would most likely be startled, cross to the other
side of the street, and possibly even call the police. Well, a person with
Williams syndrome would probably be so excited to see a stranger’s
face that he or she might not notice that the stranger is dangerous.
People with Williams syndrome are described as having exceptionally
friendly personalities, extremely sensitive and empathic, and therefore
are also called “love children.”

Williams syndrome is a genetic disorder caused by the deletion of
one of the two copies of about 26 genes found on chromosome
7 in humans [1]. Williams syndrome’s physical symptoms include
problems with the heart and circulatory systems, hormonal issues,
and unique facial features [1]. The behavioral symptoms of the
syndrome include over-friendliness, increased empathy (the ability to
understand the feelings of others), cognitive (mental) disorders, highly
developed language skills, disrupted ability to recognize danger in
social situations, and high levels of non-social stress (stress that is not
related to social situations).

For many years, researchers have tried to decipher the mechanism
behind Williams syndrome [1, 2]. Early studies found that one of
the deleted genes in the syndrome, called Gtf2i, was related to
the over-friendliness observed in Williams syndrome [3]. But the
mechanism behind this gene influences excessive friendliness was not
fully understood until more recently.

THE ROLE OF THE Gtf2i GENE IN WILLIAMS SYNDROME

Different genes are expressed in different types of cells, and it
is possible for scientists to silence a chosen gene by erasing it
from certain cells or even from the whole body. In this study,
we intentionally deleted the Gtf2i gene from nerve cells in the
frontal brains of mice. We found that the model mice with deleted
Gtf2i showed abnormal behaviors similar to those seen in Williams
syndrome, including damage to the brain’s structure, gentle motor
skills, and increased levels of friendliness and non-social stress
(Figure 1).

Through various experiments, we found a direct connection between
the deletion of the Gtf2i gene in mice and issues with a substance
called myelin. Myelin is a fatty layer covering and insulating the
extensions of nerve cells, called axons. Without myelin, electrical
signals pass through axons improperly and damage occurs in the
central nervous system, leading to a functional problem, which could
express for example in inadequate behaviors. This finding, which
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Figure 1

Gtf2i gene deletion and
its consequences. Gtf2i
gene deletion from
nerve cells in the
frontal brain of a mouse
(right) causes damage
similar to that seen in
Williams syndrome,
compared to control
mice (left). The damage
includes fewer
oligodendrocytes,
fewer axons covered in
myelin and a thinner
myelin layer (second
row), lower neural
conductivity (third row),
and over-friendliness
(bottom row). Adapted
from Osso and Chan
[4].

CONTROL MICE

Normal, healthy mice
without genetic
mutations, to which the
model mice

are compared.
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shows the influence of Gtf2i gene deletion on myelin, opens a new
door for finding new treatments to Williams syndrome.

RESULTS

Gtf2i Deletion in Nerve Cells in the Frontal Brain Results in Changes
in Structural and Behavioral Changes

People with Williams syndrome show decreases in the volume of the
brain and a thinner cortex (the outer layer of the brain). We wanted to
check whether erasing the Gtf2i gene from nerve cells in the frontal
brain is enough to cause those structural problems. The weight of the
brain and the thickness of the brain’s cortex were significantly lower in
1 month-old mice without Gtf2i compared to control mice with the
Gtf2i gene.

Additionally, our model mice showed significantly higher levels of
social behavior, which we evaluated using three tests. Mice without
Gtf2i had closer, more frequent, and longer interactions with other
mice compared to control mice with the Gtf2i gene. We should also
mention that our model mice preferred creating more interactions
with mice that were “strangers” than with an inanimate object
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Figure 2

The chain of processes
in the brain that
eventually affects
behavior. The genes in
the DNA are
transcribed to RNA,
which is then translated
into proteins. Proteins
affect the activity of
brain cells, including
nerve cells, therefore
affecting the way
signals are sent in the
brain. The way
information is
transferred in the brain
affects behavior.

NEURON

A nerve cell. The job of
neurons is to receive
electrical and chemical
signals and transfer
them to other

nerve cells.

OLIGODENDROCYTES

The cells that
produce myelin.

NEURAL
CONDUCTIVITY
The way signals are

sent along the axons of
nerve cells.
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compared to control mice. We interpreted the behavior of model mice
as a preference for performing increased social behavior.

Figure 2

Since one of the characteristics of Williams syndrome is a high level
of non-social stress, we tested the mice for behaviors related to
non-social stress and found significantly higher levels of non-social
stress in our model mice compared to control mice.

Gtf2i Deletion Affects Myelin and Other Genes Related to Myelin

Although we deleted only the Gtf2/ gene in the neurons of our model
mice, we found that other genes were affected as well. We think that is
because the protein made from the Gtf2i gene (Figure 2), called Tfii-|,
is involved in regulating the expression of other genes. Surprisingly,
/0% of the genes with lower expression in the cortex of 1-month-old
Gtf2i-deleted mice were involved in the development and function
of myelin or in the development and function of oligodendrocytes,
which are the cells that produce myelin. We also found that the
number of oligodendrocytes significantly decreased in the cortex of
our model mice compared to control mice.

Gtf2i Deletion Causes Damage in the Myelin Structure, Neural
Conductivity, and Motor Skills

In our model mice, we saw a significantly lower percentage of axons
covered in myelin, and a significantly thinner layer of myelin on the
axons, compared to control mice. This damage to the myelin layer
affects neural conductivity, which is the way signals are sent along
the axons of nerve cells.

Additionally, people with Williams syndrome show a decrease in fine
motor skills. Our model mice also showed a lack of fine motor
skills, along with weaker muscular tone in their front and rear limbs
compared to control animals. This means that the damage to myelin
influenced the motor skills of our model mice.

FIXING DAMAGED MYELIN AND NEURAL CONDUCTIVITY
IMPROVES NEURAL AND BEHAVIORAL PROBLEMS

We saw that, as a result of the myelin damage, our model mice had
problems with neural conductivity. There is a drug called 4-AP that is
known to improve neural conductivity. We gave this drug to our model
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Figure 3

Damage that occurs in
Williams syndrome, and
drugs that might help.
(A) Erasing the Gft2i
gene from nerve cells
results in damage to
the myelin layer and (B)
the number of
oligodendrocytes
(purple), which leads to
(C) damage in the
transfer of electrical
signals. (D) We showed
that the drug
Clemastine increased
the number of
oligodendrocytes and
fixed social behavior.
(E) The drug 4-AP
improved neural
conductivity and fixed
social behavior in
model mice compared
to control mice.
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mice and control mice to test whether it helped mice lacking Gtf2i
improve their neural conductivity and, as a result, their motor skills
and social behavior. We found that a single dose of 4-AP improved
motor skills in our model mice. Additionally, model mice showed
proper social preference in the social preference test. So, we found
that treatment with 4-AP normalized the neural conductivity, therefore
improving the social behaviors and motor skills in the model mice
(Figure 3).

We also wanted to test whether fixing the damaged myelin could
improve the social behaviors of our model mice. To test that, we used
a drug called Clemastine to 1-month old model mice. The Clemastine
treatment normalized the number of oligodendrocytes in the cortex
and increased the thickness of the myelin layer in our model mice
(Figure 3). We found that fixing the damage to the myelin was also
sufficient to fix the increased social behaviors.

Since our studies were done in mice, we wanted to test whether
our findings were also valid in people with Williams syndrome. We
studied brain samples of frontal brain cortex from people with Williams
syndrome who donated their brains to science and compared them to
samples from a control group. We found a significantly lower number
of oligodendrocytes and a sharp decrease in the thickness of the
myelin layer in the frontal cortices of people with Williams syndrome
compared to the control group, similar to our findings in mice. We also
found that 19% of the genes that were expressed differently in people
with Williams syndrome compared to the control group were related
to myelin. Most of these genes are the same genes that were affected
in our model mice.

CONCLUSIONS

By selectively erasing Gtf2i from nerve cells in mice, we found an
unexpected decrease in the expression of genes related to myelin, in
the number of oligodendrocytes, and in neural conductivity. We also
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saw similar results in tissues from humans with Williams syndrome.
These data indicate that damage to myelin plays an important role in
Williams syndrome, and that Gft2/ deletion from neurons is probably
the cause of this damage. This study identifies an important role of
Gft2i expression in nerve cells, a crucial role for the development of
oligodendrocytes and keeping proper myelin, and that the absence
of these gene could contribute to some of the symptoms related to
Williams syndrome.

This study sheds light on the role of myelin and neural conductivity
in the inappropriate social behavior seen in Williams syndrome,
and could therefore assist the development of new treatment
strategies for behavioral disorders. Since the efficiency and speed
of neural conductivity are dependent on myelin, dysfunctions in
the features of myelin could affect the proper communication and
synchronization between different brain areas crucial for performing
adequate behaviors. Therefore, focusing on fixing myelin dysfunctions
could be an efficient treatment strategy for Williams syndrome.
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