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Background: CaV1.4 L-type calcium channels, encoded by the 
CACNA1F gene, are most abundantly expressed in retinal photo-
receptor synapses and are important for synaptic transmission 
between photoreceptor and second order neurons. Mutations in the 
CACNA1F gene are linked to the congenital stationary night 
blindness type 2 (CSNB2) in humans. The gain-of-function mutation 
CaV1.4I745T was discovered in a New Zealand family with severe 
clinical pictures of CSNB2. Functional analyses in a heterologous 
expression system showed a strong leftward shift in the CaV1.4 
activation curve. This finding indicates a reduction in the 
photoreceptors’ dynamic range. Electroretinograms of mutant mice 
carrying the CaV1.4I745T mutation (IT mice) revealed a decrease in 
rod and a loss of cone responses upon light stimuli. This finding 
correlates well with ERGs from human patients. Here, we focus on 
the morphological consequences of this mutation in the IT mouse 
model. 
Methods: Immunohistochemical analyses: Eyes from 10 to 11 
weeks old wild-type (wt, C57BL/6N) and IT mice were collected, 
fixed with 4 % paraformaldehyde for 20 min and 2 hours, 
cryoprotected via graded sucrose steps (10 % and 20 %, or only 
30 %) and embedded in 1 : 1 mixtures of OCT and sucrose (20 % or 
30 %, respectively). Sixteen-µm-thick sections were produced for 
staining. For the washing steps, 1×PBS, 0.1 % Triton X-100, 0.05 % 
sodium azide was used. The first antibody was incubated overnight 
at 4 °C and the second antibody was incubated for 1 hour at room 
temperature. Samples were imaged with a fluorescence microscope 
(Zeiss, Axiovert 200 M). Three mice per mouse model were 
analyzed. Quantitative RT-PCR: This was performed from whole 
retinas, brain and muscle from 8-week-old wt and IT mice. 
Results: Immunohistological analyses of IT retinas showed a 
reduction in thickness of the mutant retina. In qRT-PCR experiments 
a reduction in expression of CaV1.4, β2, and α2–δ4 subunits was 
evident in IT mice. Both results are likely to be explained by a loss 
of mainly rod photoreceptors. However, because cone function also 
was affected, we used cone-specific markers to screen for 
aberrations in the cone morphology. We observed a shortening of 
cone outer segments. Moreover, in some cones sprouting was 
detectable. Second order neurons as such, rod and cone bipolar 
cells, as well as horizontal cells formed elongated ectopic dendrites 
to establish contact with photoreceptor synapses. Synaptic 
morphology resembled immature synapses, a finding that supports 
the role of CaV1.4 for synapse development and maturation. 
Discussion: Overall, the CaV1.4I745T gain-of-function mutation leads 

to a disrupted integrity of the outer plexiform layer in mice. We 
further suggest that the IT mouse model can help to improve our 
understanding of the underlying mechanism and pathophysiology of 
the CSNB2 dysfunction also in humans. 
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