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Introduction
Over the years, the cerebellum has been noted to play a prominent role in the incidence of neurodevelopmental disorders 

such as Attention Deficit Hyperactivity Disorder, Autism, and Schizophrenia (3). These disease states, as well as the most 

common childhood brain cancer, medulloblastoma, have a higher incidence in males than females (5). Both schizophrenia 

and autism are further characterized by the fact that Purkinje cells (PC), the main output neuron of the cerebellum, are 

found in lower numbers than non-diseased individuals (1). Taking all this into consideration, it is unknown at what point in 

cerebellar development this shift in the total number of PCs occurs and what exactly leads to an increase of disease 

incidence in males.

Morphogenesis of the cerebellum is a very complex, yet highly organized process. Purkinje progenitor cells will become fully 

differentiated on E16 and will migrate to their final position E17 (5). From birth, through the first three postnatal weeks, PCs

will form synaptic junctions as well as go through a period of Programmed Cell Death. This also happens to be around the 

time when Granule Cell Progenitors (GCP) will migrate through the PC layer to their final position in the internal granule 

layer (ICL) (5). As this migration occurs, a number of signals will be sent back and forth between GCP and PCs which is 

critically responsible for proper development (2). One potential signal is the Fas ligand (FasL), an apoptotic inducer of 

programmed cell death. FasL is noted to play a critical role in neurodevelopment (4). A recent study showed that GCPs had 

substantial concentrations of FasL mRNA (4). In terms of sex differences in PC number and disease incidence, one potential 

area is the role of testosterone in neurodevelopment.

Testosterone, a steroid hormone responsible for the

masculinization of the male brain, has the ability to 

neuroprotect against apoptotic death. During male 

development, two testosterone surges occur, the first 

at E16 through E20.5 and the other after birth. 

Keeping this in mind, it is of question whether this 

surge of testosterone could bring about neuroprotection

from FasL. This dependency could possibly lead to a 

decrease of male PCs if testosterone was not at 

appropriate levels which would also lead to a greater 

disease incidence. 

To determine whether PCs are indeed susceptible to FasL induced apoptotic death and to see if male PCs are more 

resistance to this death due to testosterone,  E19.5 male and female cerebellar rat cultures will be treated with FasL and 

assessed for cleaved caspase-8 in PCs. 

Results
Live/Dead Assay:

• Graph below shows there is a slightly greater survival in cultures treated with the vehicle than the FasL treatment 

cultures (significant; p=0.02)

• Graph below also indicates slightly greater survival amongst male than females (not significant; p=0.5)

• Images exemplify more death (red) than live (green) cerebellar neurons in treatment than vehicle in both male and 

female cerebellar neurons

Immunocytochemistry:

• The images below indicate death induced by FasL treatment occurred in PCs (red). Both male and female PCs show 

greater amount of cleaved caspase8 (green) in treatments than those of vehicle.

Conclusion/Discussion
• PCs are susceptible to Fas-induced apoptotic death. This is consistent with the fact that FasL plays a substantial role 

in neurodevelopment and the Fas receptor (FasR) is expressed by nearly all cells in neurodevelopment (6).

• It is still uncertain whether male PCs are more resistant to Fas-induced apoptotic death than female PCs. However, 

since PCs in males are exposed to testosterone during their development, it is likely that testosterone’s 

neuroprotective ability may allow male PCs to be more resistant to Fas-induced apoptotic death. Studies show that 

testosterone activates the protein Bad which leads to the inhibition of the cleavage of caspase-8, which is essential 

to carrying out apoptosis (8)(Diagram 1.1). 

• These results not only suggest a potential mechanism for the achievement of variation in PC numbers between 

male and than female but also point to fluctuating levels of testosterone as a possible contributing factor to 

neurodevelopmental disorders such as schizophrenia and autism.
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Hypothesis
Male embryonic day 19 Purkinje cells will show greater resistance to FasL induced apoptosis than female embryonic day 19 

Purkinje cells.

Citations  
[1] Basson, M. A., & Wingate, R. J. (2013). Congenital hypoplasia of the cerebellum: developmental causes and behavioral consequences. Frontiers in neuroanatomy, 7. 

[2] Dean, S. L., & McCarthy, M. M. (2008). Steroids, sex and the cerebellar cortex: implications for human disease. The Cerebellum, 7(1), 38-47. 

[3] Manto, Mario U., and Patrice Jissendi. "Cerebellum: links between development, developmental disorders and motor learning." Frontiers in neuroanatomy 6 (2012). 

[4] Nguyen, T. V., Jayaraman, A., Quaglino, A., & Pike, C. J. (2010). Androgens selectively protect against apoptosis in hippocampal neurones. Journal of neuroendocrinology, 22(9), 1013-1022. 

[5] Roussel, M. F., & Hatten, M. E. (2011). Cerebellum: development and medulloblastoma. Current topics in developmental biology, 94, 235. 

[6] de Mendoza, T. H., Perez-Garcia, C. G., Kroll, T. T., Hoong, N. H., O'Leary, D. D., & Verma, I. M. (2011). Antiapoptotic protein Lifeguard is required for survival and maintenance of Purkinje and granular cells. Proceedings of the National Academy of 

Sciences, 108(41), 17189-17194.

Materials/Methods
Primary Neuron Culture: The experiments described in this report conformed to guidelines established by the National Institutes of Health and 

University of Wisconsin-Eau Claire for the humane treatment of animals.  Primary cultures of cerebellar neurons were prepared from Sprague 

Dawley rat pups on embryonic day 19 (E19) as described in Brewer et al. (1993) and Brewer & Price (1996) Briefly, cerebellums were sorted by 

biological sex.  Dissected cerebellums were incubated in Papain (20units/ml) in Hibernate-E minus calcium for 30 minutes at room 

temperature.  Neurons were subsequently dissociated by manual trituration in Hibernate/B27.  Neurons were counted and plated on poly-d-

lysine coated plates in Neurobasal media containing 2% B27, and 1% Glutamax. Cultures were maintained in a 5% CO2  atmosphere  for 3 days 

in vitro (DIV) in a humidified incubator.

Treatments: Live/Dead Assays were conducted for 6 hours, while Immunocytochemistry were conducted for 30 minutes. Vehicles were 

comprised of neurobasal media while treatments were comprised of 0.2µL per 1 L of neurobasal media. 1 mL of treatment or vehicle were 

administered to individual well after being heated to 37˚C.

Live/Dead Assay: Total live and dead cells were determined through the use of LIVE/DEAD Viability/Cytotoxicity Kit *for mammalian cells* 

produced by Molecular Probes. Assays were carried out through the usage in accordance to the protocol outlined in the LIVE/Dead 

Viablity/Cytoxicity Kit manual.

Immunocytochemistry: ICCs were conducted in accordance to the protocol by Cell Signaling Technology.     
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Future Research
• To determine if PCs in males hold greater resistance to FasL death, we suggest that for future experiments PCs are 

isolated from other cerebellar cells, cultured, and then treated with FasL and the vehicle. PCs would then be 

harvested and quantified for total amount of cleaved caspase-8 through western blots.

• To determine whether it is testosterone through which increased survival is acquired, we suggest the use of rat 

cerebellar neurons before the testosterone surge (E16). We would then treat the cells with testosterone before the 

treatment of FasL and conduct a Live/Dead assay.
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