
 

 

     Episodic Ataxia Type 2 (EA2) is a neurological disorder that is characterized by a 

mutation in the CACNA1A gene, which codes for the P/Q-type voltage-gated Ca2+ channel. 

A commonly used mouse model for EA2 is the tottering (tg/tg) mouse, which carries a 

missense mutation in the Cacna1a gene, orthologous to the human CACNA1A gene.  This 

results in a similar phenotype to that of EA2, including mild ataxia, episodic dystonia, and 

absence seizures. P/Q-type voltage-gated Ca2+ channels are heavily expressed in the 

cerebellum of mice, specifically in the Purkinje cells (PCs) (Westenbroek et al. 1995). 

However, due to this mutation, the P/Q-type Ca2+ in tg/tg mice have a 30-40% reduction in 

channel function, resulting in significant decrease in neurotransmitter release (Ayata C. et 

al. 2000, Erickson M. et al. 2007, Sawada K. et al. 2009).  In the cerebellum of tg/tg mice, 

abnormal low-frequency oscillations (LFOs) were found to be associated with the cerebellar 

symptoms (Chen G. et al. 2009).  Recently, LFOs were observed in the motor cortex of 

tg/tg mice, providing a potential mechanism for the non-cerebellar symptoms.  

Pharmacological studies showed that these LFOs were due to a decrease in glutamate 

activity (Cramer et al. 2015). However, it remains to be determined if the cerebellar and 

cerebral LFOs are related. 

     The anatomical connection between the cerebellum and the cerebrum has been well-

studied in non-human primates and rodents (Kelly R. et al 2003, Holdefer R. et al 2000). 

For example, the cerebellum has been shown to project to the ventral thalamus, which 

relays the output to the a wide number of regions in the cerebral cortex, including the motor 

cortex (Percheron G. 1996).  More recently, it was shown that this functional connectivity 

exists in rodents as well, specifically mice, by studying the vibrissal system (Proville R. et al 

2014).  Therefore, with a functional anatomical connection between the cerebral cortex and 

the cerebellum, there is reason to believe that the LFOs observed have some connection. 

     Optogenetics presented itself as a useful tool to study the connection between these 

two regions.  Specialized channels, opsins, which can be activated by specific wavelengths 

of light, can either cause excitation or inhibition, depending on the channel (Guru A. et al 

2015). It was shown through optogenetic stimulation of the lateral cerebellum, neurons of 

the vibrissal system in the motor cortex were activated when the PCs of the cerebellum 

were stimulated (Proville R. et al 2014). As a decline in glutamate activity yields more 

prevalent LFOs, we hypothesize that by stimulating the PCs in the lateral cerebellar cortex, 

thereby increasing glutamate activity in the cerebral cortex, the LFOs would decrease 

substantially. 
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PCs were excited through Optogenetic stimulation in the cerebellum. The resulting impact 

on observed LFOs was measured.  

• Activating the Purkinje Cells in the cerebellar cortex decreases LFOs in the cerebral 

cortex. 

• An Optogenetic High Frequency Burst stimulation produces a lower post-experimental 

baseline, indicating some longer-lasting effect. 

• Activating neurons in the Deep Cerebellar Nuclei post-PC activation doesn’t change the 

state of oscillations in band of interest.  

• The results suggest that by activating the PCs, it increases neuronal activity in the motor 

cortex, which increases glutamate activation.  A decrease in glutamate activation has 

been shown to be correlated with the existence of LFOs. 

• The presence of the viral vector could not be directly determined. Verification for 

expression through immunohistochemical approaches will be performed. 

• Future studies could: 

a) study a variety of different stimulations on many sets of mice, determining what 

stimulation has the greatest effect. 

b) study the alteration in PC firing properties after the stimulation. 

c) emphasize on the role of the thalamus in LFO activation. 
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In vivo Single-photon Microscopy 

Adult (3-4 weeks post-AAV Injection) tg/tg mice (either 

gender) 

 - Anesthetized with acepromazine/urethane (ventilated) 

 - Dental cement well created around skull 

 - Thinned Skull Procedure over Motor Cortex 

 - Craniotomy over left cerebellum 

Viral Vector: (AAV2-hSyn-ChR2(H134R)-EYFP) 

Location of Injection (- 2mm AP relative to lambda; 1.5–2mm L) 

Surgery Procedure: 

- Adult tg/tg mice anesthetized with Ketamine/Xylazine  

- Burr hole over injection site 

- Injected with 100 nL (20 nL/min) of virus 

- Bone wax was used to cover burr hole, and the incision was sutured.  

AAV Injections 

Optogenetics Stimulation Parameters 
High Frequency Burst stimulation (HFS) 

 Total Duration: 4 seconds 

 Total Frequency: 4 Hz 

 Single Pulse length: 100 ms 
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Cortex 
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Figure 2. A. Representative brightfield 

image of the cerebral cortex of the tg/tg 

mouse is shown.  An open circle 

indicates the location of the spectral 

analysis. The following series of 

pseudocolored autoflourescence images 

are shown for baseline, lateral Purkinje 

cells (LPC), and medial Purkinje cells 

(MPC) stimulations showing progression 

of oscillations. A substantial decrease in 

oscillatory activity is visible in images with 

stimulation. B. Representative kinetic 

profiles for the baseline, LPC, and MPC 

stimulation are shown, depicted as 

%ΔF/F0 traces. The oscillations are 

clearly visible in the baseline, and seem 

to subside for the lateral and medial 

stimulations. C & D. Spectral analysis of 

baseline versus high frequency 

stimulation in lateral (ANOVA, 

F(1,23)=9.07, p=0.0064) and Medial PCs 

(ANOVA, F(1,11)=4.2, p=0.0675).  

Pooling the data from the MPC and LPC, 

a net reduction in oscillations are 

observed (ANOVA F(1,27)=14.08, 

p=0.0009). 
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Figure 1. A. Brightfield image 

showing the cerebral cortex of the 

tg/tg mouse. Open circles indicate 

region of interest (ROI) placement 

for spectral analysis conducted. A 

series of pseudocolored 

autoflourescence images showing 

the progression of the oscillation. 

B. Oscillatory pattern shown in 

%ΔF/F0 traces for ROI set 

described. Frequencies in the 0.03-

0.11 Hz range of interest are 

consistent with previous findings. 

Figure 4.  A proposed pathway is shown for 

how the PCs affect the LFOs in the motor 

cortex. Activation of the PCs could cause a 

rebound activation of the cerebro-thalamo-

cortical pathway, increasing glutamate activity 

in the motor cortex. This activation decreases 

the prevalence of the LFOs. In the baseline 

state of the tg/tg mouse, the LFOs are 

correlated with a decrease in glutamate 

activation. Thus, when the PCs are 

optogenetically stimulated, they first inhibit the 

DCN, which initiates a rebound activation 

pathway, resulting in increased glutamate 

activity in the motor cortex via the 

aforementioned pathway. It is hypothesized 

that this increase in glutamate activity could 

decreases the presence of the LFOs observed 

in the tg/tg mice.  

Figure 3. A. Spectral analysis between the pre-recording true baseline and post-PC stimulation baseline (deep 

cerebellar nuclei (DCN) baseline). The DCN baseline is substantially decreased (ANOVA F(1,27)=23.02, p<0.0001) 

showing a more permanent change in the firing properties of the PCs. B.  Spectral analysis comparison of DCN 

stimulation and the DCN baseline (ANOVA F(1,19)=1.26, p=0.2773). The baseline and the DCN stimulation are not 

substantially different, indicating no impact as a result of stimulation on oscillations. C. Representative graph of the 

natural progression of the recording shows the power of the oscillations remained suppressed following the initial 

stimulation. Each stack was 120 seconds. Oscillations present in the baseline for the band of interest (0.03-0.11 Hz) are 

suppressed throughout recording and aren’t affected by stimulation of DCN. 
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