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Dissecting the role of CaV1.2 dysfunction in the pathogenesis of autism spectrum disorder
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Owoyemi, Andrea L. Meredith, Ivy E. Dick.
Department of Physiology, University of Maryland School of Medicine, Baltimore, MD

Autism Spectrum Disorder (ASD) is a neurological disorder characterized by

repetitive, restricted behaviors, interests and activities along with a range of

challenges in communication skills and social interaction. Pathway and genetic

analyses have indicated a strong connection between ASD and the dysregulation

of Ca2+ signaling. In particular, genetic mutations within the L-type Ca2+ channel

(LTCC) have been shown to be causative of ASD. In fact, mutations within the

CaV1.2 LTCC have been identified as one of the few monogenic causes of ASD,

resulting in a multisystem disorder known as Timothy Syndrome (TS). TS patients

harbor a single de novo point mutation within CaV1.2, which causes severe cardiac

arrhythmias, long-QT syndrome and ASD. TS is one of the most penetrant genetic

forms of ASD, making it an ideal model system with which to gain traction on

understanding the role of Ca2+ dysfunction in ASD. Interestingly, we identified

marked differences in channel gating due to distinct TS mutations. Such

differences may underlie the differential phenotypes of select mutations, potentially

explaining why some pathogenic mutations do not lead to ASD. To probe the

effects of these mutations on neuronal function, we utilized human induced

pluripotent stem cell (iPSC)-derived neurons. Patch clamp recordings of these cells

yield distinct LTCC currents, enabling evaluation of the mutations in the context of

a human neuron. Moreover, we utilized iPSC-derived 3D neuronal organoids to

gain a deeper understanding of the effect of CaV1.2 dysfunction at a network level.

Overall, as Ca2+ disruption may be a recurrent feature of ASD, studying rare

mutations such as TS, may provide insight into the pathogenesis ASD beyond TS.
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1. Generation of 

iPSC-derived neurons  

a. Wide field fluorescent image of iPSC derived neurons. b. Robust SFEB derived

iPSC neuron Ca2+ response to a large electrical stimulus. c. Exemplar Ba2+ I/V

curve from iPSC neurons. d. Ca2+ (red) and Ba2+ (black) currents demonstrate VDI

(decay of Ba2+ trace) and CDI (difference between Ca2+ and Ba2+ traces).

a. Schematic showing mutations in CaV1.2, S6 regions in blue. b. Homology model

of CaV1.2 illustrating the cluster of mutations near the distal S6 region (blue). c.

Table illustrating the symptoms of CaV1.2 S6 mutations.

a. Exemplar Ba2+ traces (black) show decreased VDI (blue) due to G406R.The β1b

subunit is used to reveal voltage dependent inactivation (VDI). b. Exemplar Ca2+

traces show decreased Ca2+ dependent inactivation (CDI) due to G406R (pink).

The β2a subunit is used to reduce VDI. c. Activation curves show a hyperpolarizing

shift (orange) in G406R. All traces were recorded in HEK293 cells.

Monolayer excitatory neurons were generated through a lentiviral NGN2

transduction method developed in the lab of Dr. Thomas C. Südhof.

• The G406R mutation shows decreased voltage-dependent inactivation, 

decreased calcium dependent inactivaton, and a hyperpolarizing shift in 

activation

• iPSC neurons are a robust model system for studying  the effects of mutations 

such as G406R

• There are distinct populations of neurons generated from the NGN2 protocol 

that can be characterized as repeat firing or non-repeat firing.

• Resting potential, amplitude and half-width can be measured for each 

population of iPSC-neurons
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7. Membrane Properties of 

TS iPSC-Neurons

a. Exemplar WT current clamp recordings are shown in this row. The left trace is an

exemplar from a repeat firing neuron and the middle trace is from a non-repeat

firing neuron. The right trace is an exemplar of a single action potential used to

measure the described action potential properties. b. A diagram showcasing how

amplitude, half-width and resting membrane potential (Vm) were measured. c, d,

and e are histograms showing the resting potential, AP amplitude, and AP half-

width of repeat firing and non-repeat firing WT iPSC-neurons

a. Exemplar TS current clamp recordings are shown in this row. The left trace is an

exemplar from a repeat firing neuron and the middle trace is from a non-repeat

firing neuron. The right trace is an exemplar of a single action potential used to

measure the described action potential properties. b, c, and d are histograms

showing the resting potential, AP amplitude, and AP half-width of repeat firing and

non-repeat firing TS iPSC-neurons e. TS iPSC-neurons show a greater proportion

of repeat firing neurons compared to WT.
5. TS iPSC-Neurons display 

deficits in inactivation 

a. Exemplar WT and Ca2+ currents from calcium channels expressed in WT (black)

and TS (red) iPSC-derived neurons. b. Inactivation quantified as the ratio of Ca2+

current remaining after 300ms.


