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INTRODUCTION

Brains are constantly flooded with sensory information that
needs to be filtered at the pre-attentional level and integrated
into endogenous activity in order to allow for detection of
salient information and an appropriate behavioral response.
People with Fragile X syndrome (FXS) are often over-or-
under-reactive to stimulation, leading to a wide range of
behavioral symptoms. (Sinclair et al., 2017). The principal
mutation responsible for the fragile X syndrome is the
expansion of an untranslated CGG repeat in the 5′-
untranslated region of the FMR1 gene on the X chromosome.
This mutation is associated with the hypermethylation of the
proximal CpG island and the triplet repeat region that gives
rise to the down-regulation of the FMR1 gene (Wells, 2009).
FMRP is an mRNA binding protein and has been shown to
play a role as a transporter of mRNA. The absence or a
reduction in the amount of FMRP has been shown to cause
to aberrant brain development in major brain regions. Ataxia
is a common side effect associated with Fragile X syndrome.
Ataxia describes a lack of muscle control or coordination of
voluntary movements, such as walking or picking up objects.
The word “Ataxia” comes from the Greek word “ataxis”,
meaning incordination. The cerebellum in the brain plays a
major role in ataxia. It receives information from the sensory
systems, the spinal cord, and other parts of the brain and
then regulates motor movements. The functional unit in the
cerebellum are Purkinje cells, also called Purkinje neurons.
These are neurons in vertebrate animals located in the
cerebellar cortex of the brain. The importance of Purkinje
cells in the cerebellum is due to their ability to act as a
resistance modulators during a high volume of incoming
signals from proprioceptors, basal ganglia and other areas of
the brain. Thus, we can spaculate that histopathologies of
cerebellar structures may cause ataxia later in life. Through
Immunohistochemistry (IHC) with the use of confocal
microscope, we will be able to explore and compare the
structures of the cerebellum in FVB/NJ wild type and KO
mice.
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Immunofluorescence
Cerebellar cryosections (30 uM) were stained free-floating

sample method. Tissue samples were blocked for 1 hour
using a Blocking buffer and incubated in a primary blocking
cocktail (2% Nonfat Dried Milk (NFDM) and 2% Neutral Goat
Serum) containing a 1:1000 dilution of primary antibodies
Calbindin-D, and B-tubulin. After 24-hour incubation and
washing, a Cy3 secondary antibody (1:1000) (anti-B Tubulin
and Calbindin-D) was added and incubated for 1hr hours at
RT. Images were obtained with a Leica SP2 AOBS Confocal
Microscope. Z stack images were reconstructed using Imaris
software

Ataxia Test
In order to quantify aberrant locomotor movements in

control and KO FBV mice, an assessment was performed
using DigiGait walking belt and analysis software. DigiGait
monitors footsteps and measures the range of distance. It is
also used to detect habitual coordination. The mice were
selected by a specific age (5 to 6 months old) that allowed us
to study if mice with Fragile X Syndrome at a young age will
present symptoms of Ataxia. The footsteps were measure for
5 seconds at the rate of 23 cm per second. The footsteps
were analyzed for both control and KO type mice to produce
a graph that allows us to compare their range.
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It has been more than two decades since the discovery of Fragile X syndrome, but the disease continues to
hold surprise in spite of extensive research. There could be numerous reasons why ataxia occurs. We
detected abnormalities in walking patterns of KO mice, compared to the control. Due to the silencing of
FMR1 gene in Fragile X, the development of Purkinje fibers is affected in the cerebellum. Our results
show that the lack of cerebral structure integrity in FMRP brains lead to underdeveloped Purkinje cells.
We found a significant alteration in the dendritic tree of Purkinje cells using calbindin and tubulin as
markers and a very pronounced aberration in locomotor activity that typifies ataxia in these mice. In
further research, we are hoping to work with muscle spindle stretch reflex in mice with ataxia.
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Representative images of cerebellar
cryosections stained with antibodies against
voltage sensitive calcium channels (A,E); beta
tubulin (B-G) and Calbindin (D &H). Left
column represent controls (WT) and fmr1 KO
mice (KO). All markers used to evaluate the
histology of cerebellar structures indicate that
the fmr1 KO cerebellum shows a drastic
alterations of the dendritic tree of Purkinje
cells. These histological alterations of
cerebellar structures may underlie the
alterations in locomotor activity observed in
the fmr1 KOmice.

Representative graphs of gait analysis obtained from Digigate
software. Right images shows an inferior view of a mouse on a
treadmill and an impression of the paw prints color coded.

Representative graphs of gait analysis of control mice obtained from Digigate software. Upper graph shows analysis
of the fore limbs lower graph shows analysis of the hind limbs. Data shows a coordinated pattern of locomotor
activity.

Representative graphs of gait analysis of alcohol-injected mice obtained from Digigate software. Upper graph shows
analysis of the fore limbs lower graph shows analysis of the hind limbs. Data shows an uncoordinated pattern of
locomotor activity that typifies ataxia in these mice.


