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PregS enhances GABAergic transmission in developing PCs. In this system 

glutamatergic inputs to PCs arrive from granule cells projections that develop in a PF-like 

fashion (Dupont et al., 2006). Granule cell proliferation and migration from the outer 

granule cell layer to the inner granule cell layer occurs in cerebellar slice cultures 

(Mancini and Atchison, 2007). However, in this system the inferior olivary inputs to the 

cerebellar cortex, the CFs, are severed. Therefore, CF-to-PC synapse development cannot 

be studied in cerebellar slice cultures. 
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Figure 7.12 . A. In cultured cerebellar slices,  the frequency of spontaneous firing in PCs 
increases with age. Bottom panel shows spontaneous firing frequency values at different ages 
(n=1-2). B. The frequency of GABA + glutamate spontaneous events increases with age (n=2-3). 
C. Complex spike-like activity recorded form a PC at DIV 12. D. PregS increases the frequency 
of mIPSCs in DIV 8 and 10 PCs. The top panel shows mIPSCs recordings in the presence of 
PregS from a DIV 8 PC. The bottom panel shows bar graph summary of PregS effect in DIV8-10 
PCs. K-S test showed a significant decrease in inter-event interval (n=3).  
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7.13 The TRPC channel blocker SKF96365 does not block the PregS-induced 

increase in AMPA-mEPSCs 

Purpose of the experiment 

 In acutely isolated dentate gyrus hilar neurons, PregS enhances spontaneous 

glutamate release by inducing presynaptic Ca2+-induced Ca2+ release. Activation of 

TRPC channels has been proposed to mediate this effect of PregS (Lee et al., 2010). 

Additionally, the immature cerebellum expresses TRPC1-7 channel proteins as early as 

P1. Interestingly, TRPC3 is predominantly expressed in the PC layer (Huang et al., 

2007a). SKF96365 is an antagonist for TRPC channels as well as store-operated calcium 

channels and voltage-gated calcium channels and it was shown to block the effects of 

PregS in the dentate gyrus (Lee et al., 2010). Importantly, this agent is inactive at TRPM3 

channels (Grimm et al., 2003). Therefore, we investigated if TRPC channels could 

mediate the PregS-induced increase of glutamate release onto neonatal PCs. 

Method 

 AMPA-mEPSCs were recorded as previously described (Zamudio-Bulcock and 

Valenzuela, 2011). PregS (25 μM) was bath applied in the presence of SKF96365 (100 

μM) (Tocris Bioscience, Ellisville, MO). 

 Result 

 Blockade of TRPC channels does not prevent the PregS effect on glutamatergic 

synaptic transmission at P4-5 PCs. 
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Conclusion 

 This result indicates that TRPC channels do not play a role in the effect of PregS. 

Nonetheless, given their abundant expression in the PC layer in the neonate (TRPC3), 

their potential role in the modulation of glutamatergic transmission should be further 

studied.  
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Figure 7.13: A. Sample traces of AMPA-mPSCs in the presence of SKF96365 in a P5 PC. B. In 
the presence of SKF96365, PregS increased the frequency of these events (2,691 ± 1,565 % of 
baseline; raw change from baseline 14.07 ± 4.12 Hz; n=3). The K-S test showed a significant 
decrease in the inter-event interval in 3 recordings. 
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7.14  Climbing fiber innervation of Purkinje cells in rat hindbrain cultures 

 

Purpose of the experiment 

 In mouse hindbrain cultures the development of CF-to-PC synapses has been 

shown to resemble the in vivo maturation of these synapses. First, multiple CF synapse 

onto PCs and subsequently redundant CF inputs are eliminated (Letellier et al., 2009). In 

this set of experiments we assessed CF innervation onto PCs in rat hindbrain cultures.  

Methods 

We cultured hindbrain explants from rat embryos at DIV 15, as described in 

Chapter 6, and evaluated CF innervation at DIV 18-23, chronologically equivalent to 

P13-18. In acute slices it has been shown that after P13 the majority of PCs are 

monoinnervated (Hashimoto et al., 2009). In mouse hindbrain cultures, plated at 

embryonic day 14, the majority of PCs are monoinnervated at DIV 21, chronologically 

equivalent to P15. CF-evoked excitatory postsynaptic currents (CF-eEPSCs) were 

recorded as previously described in Zamudio-Bulcock and Valenzuela (2011). The 

stimulating electrode was placed in the region near the PC, approximately 200 μm apart. 

The membrane potential was held at -70mV. Paired-pulses were delivered with an inter-

event interval of 50ms. The stimulation intensities varied from 10 to 100μA. 

Immunohistochemistry experiments were performed as described in Chapter 6; 

additionally, guinea pig anti-VGlut2 was used to assess the presence of CF terminals in 

the explants. 
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Results 

 We found that in control explants, CF e-EPSCs could elicit paired-pulse 

depression, indicating the presence of CF inputs at PCs.  This result is expected, given the 

age of the explants (DIV 18 -23). In 3 cells, CF-evoked currents showed a single all or 

none current step, indicating that these cells were monoinnervated (Fig. 8.14 B, C, D).  

Additionally, we found VGlut2 expression surrounding the PCs at DIV20-28 (Fig. 8.14 

A).  

Conclusion 

 In agreement with previous reports (Chedotal et al., 1997, Letellier et al., 2009), 

we found that CFs contact PCs in hindbrain cultures. Importantly, at mature stages they 

show monoinnervation. These results set the groundwork for future studies to investigate 

the role of sulfated steroids in the achievement of CF-to-PC monoinnervation. 
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Figure 7.14: A. Confocal image showing calbindin positive PC and VGlut2 positive 

glutamatergic terminals in a rat hindbrain explant at DIV 28. B. Sample trace of CF-eEPSC 

recording, showing paired-pulse depression. Scale bar: 200 pA, 50 ms. C. Corresponding plot, 

showing CF characteristic all or non responses. D. Average plot of CF-eEPSC1 amplitudes in 3 

PC at DIV18-23.  
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7.15  Evoked excitatory postsynaptic currents in Purkinje cells from rat hindbrain 

cultures exposed to the sulfatase inhibitor DU-14 

 

Purpose of the study 

 To assess whether CF innervation onto PCs is affected by increased levels of 

endogenous PregS-like neurosteroids via chronic treatment of rat hindbrain cultures with 

the sulfatase inhibitor DU-14. 

Methods 

 Hindbrain explants were treated from DIV12-24 with either DU-14 (5 μM) or 

with the vehicle, DMSO. At DIV22-23, whole-cell patch-clamp recordings from PCs and 

stimulation of eEPSCs were performed as previously described in Zamudio-Bulcock and 

Valenzuela (2011) and Appendix 14. The paired-pulse ratio (PPR) was calculated as 

eEPSC2/eEPSC1. 

Results 

 We found that while in the DMSO controls both paired-pulse depression and 

paired-pulse facilitation could be elicited in two out of 3 cells; the other cell exhibited 

paired-pulse facilitation only (Fig. 8.15 A), consistent with the presence of CF and PF 

inputs at this developmental stage. In the DU-14 exposed explants, the paired-pulse 

depression population was absent in recordings from 3 different cells (Fig. 8.15 B). 

 



 162

Conclusions 

 These preliminary data suggests that chronic increases in PregS-like neurosteroid 

levels may induce the loss of CF inputs. Chronic activation of TRPM3 channels in CF 

terminals and the resulting increases in intracellular Ca2+ could result in Ca2+ overload 

and eventual elimination of the terminals. Alternatively, increased PregS levels could 

induce a change in the probability of glutamate release at CF synapses. Unfortunately, it 

was difficult to assess the presence of all-or-none responses in both experimental groups. 

This could be due to contamination of the responses with PF-induced currents, alternating 

with CF-induced currents. These confounds need to be addressed in future experiments 

prior to examining the role of PregS-like neurosteroids in the development of 

glutamatergic synapses at PCs.  
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Figure 7.15: A. Sample trace of a eEPSC recording in a dimethyl sulfoxide control PC at DIV22 
(top). Bottom panel shows PPR graph for 3 DMSO control PCs at DIV 22, note that in 2 out of 3 
cells paired-pulse depression is predominant. B. Sample trace of an eEPSC recording in a DU-14 
treated PC at DIV 23 (top). Bottom panel shows PPR graph for 3 DU-14 treated PC at DIV23. 
Note that paired-pulse facilitation is predominant in this group. Scale bars: 200 pA, 20 ms.  
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