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The Potential Role of Otx1 in Epileptic-like Behavior Mice: the “Modulator” of
Physiological Function of Layer V Pyramidal Neurons in the Cerebral Cortex

Zhang Yunfeng'*, Wen Zhengwei’

(‘School of Ophthalmology & Optometry, The Eye Hospital, Wenzhou Medical University, Wenzhou 325027, China;
2School of Basic Medical Sciences, Wenzhou Medical University, Wenzhou 325027, China)

Abstract The transcription factor Otx! is specifically expressed in layer V pyramidal neurons (L5PNs) in
the cerebral cortex. This study used the whole-cell patch clamp recording and 3D neuronal morphological recon-
struction and analysis to investigate the potential role of O#x/ in epileptic-like behavior mice. Four types of LSPNs
with distinct firing patterns, namely intrinsically bursting (IB), thythmic oscillatory bursting (ROB), adapting regular
spiking (RSap) and tonic firing (TF) were confirmed. Compared with controls, the proportion of regular spiking
neurons increased significantly while the burst firing neurons decreased remarkably with enhanced excitability in
the Otx/ mutant mice. The AP-thresholds, input resistance and fast after-hyperpolarization of L5PNs decreased
markedly in the Ofx/ mutant mice, leading to an enhanced neuronal excitability. Moreover, Otx/ mutation reduced
basal dendritic morphological structural complexity, which mainly exhibited as the significant decrements in the

surface area, the volume, the segment surface area and the segment volume. It suggested that change in physiologi-
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cal function of L5PNs resulting from the mutation of O#x/ in the cerebral cortex was a potential mechanism of the

epileptic-like behavior of the Otx/ mutant mice.
Keywords

mutation; basal dendrites
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(A) Control Otx] mutant (B) Control Otx] mutant
Intrinsically bursting (IB) Adapting regular spiking (RSap)
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A: electrophysiological responsive traces of intrinsically bursting (IB) (upper trace, left panel) and rhythmic oscillatory bursting (ROB) (below trace,

left panel) firing neurons; B: electrophysiological responsive traces of adapting regular spiking (RSap) (upper trace, right panel) and tonic firing (TF)

(below trace, right panel) neurons.

Bl 3ROl 5N R P[5 7 PR 2 BY 1 42 T R A 3B I N KR Bl (IR IE 5 %5 TR [30] 24 40%)

Fig.1 Representative electrophysiological responsive traces of four types neurons with different firing patterns in the control

and OtxI mutant mice (modified from reference [30])
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Table 1 Proportions of four types of neurons with different firing patterns in the control and
OtxI mutant mice
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A: comparison of proportions of burst firing (BF) and regular spiking (RS) neurons between the control and O#x/ mutant mice; B: representative

electrophysiological responsive traces of low/high-threshold bursters neurons; C: comparison of proportions of low/high-threshold bursters neurons

between the control and Otx/ mutant mice.
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Fig.2 Proportions of burst firing, regular spiking and low/high-threshold bursters neurons in the control and OtxI mutant mice
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A: Z)VE AL BIE; B: S AE MU AT 4A T 35 W i) i PR R R 5 C: PR 5 B AR Ak FBAY s D: P T 46 BUE RIS, E: S AN FHPT. *P<0.05, **P<0.01,

w0k P<(0.001, 55 0T AR LU

A: AP threshold; B: average initial accomodation between the first and second inter-spike interval; C: fast afterhyperpolarization; D: average initial
burst interval; E: input resistance. *P<0.05, *P<0.01, ***P<0.001 compared with control group.
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Fig.3 Comparison of electrophysiological properties of L5PNs in the motor cortex between the control and OtxI mutant mice
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A: 3D morphological reconstructions of LSPNs of the control (left column) and Otx/ mutant mice (right column). Somata and apical dendrites were in
blue, basal dendrites in red, and the axons in green. Neurons were oriented with the pial surface at the top. Scale bar=100 um; B~E: comparison of basal
dendritic morphological properties (surface, volume, seg surface and seg volume). *P<0.05, **P<0.01 compared with control group.
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Fig.4 3D morphological reconstructions and comparison of basal dendritic morphological properties of LSPNs in the motor
cortex of the control and Otx] mutant mice
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