
Gene Channel 
affected

ACC 
coefficient

PFC 
coefficient

CACNA1C HVA Ca2+ 1.171 1.139

CACNA1D HVA Ca2+ 1.158 1.135

CACNA1I LVA Ca2+ 1.173 1.144

HCN1 HCN K+ 1.034 1.117

KCNB1 Persistent 
K+

1.123 1.150

KCNQ3 M-type K+ 1.056 1.034

Modeling the effects of schizophrenia related ion-channel encoding genes on P50 suppression
Jan Fredrik Kismul1, Torbjørn V. Ness2, Gaute T. Einevoll2,3, Marja-Leena Linne1, Tuomo Mäki-Marttunen1

1Faculty of Medicine and Health Technology, Tampere University, Finland; 2Department of Physics, Norwegian University of Life Sciences; 3Department of Physics, University of 
Oslo

 

Introduction
P50 suppression is a sensory gating 
phenomenon where the EEG response to the 
second out of two auditory inputs separated by 
500 ms is decreased in amplitude. Clinical 
studies have reported the magnitude of P50 
suppression to be impaired in schizophrenia. 
Here, we used a network model of 
multicompartmental neurons to explore the 
mechanisms of P50 suppression deficits in 
schizophrenia.

The network model in brief 
A network consisting of 120 L5 pyramidal cells, 
30 L5 basket cell interneurons and 30 L5 
neurogliaform interneurons are connected in 
accordance with values from physiological 
studies (Markram et al. 2015). 

Ion-channel expression data
Gene expression data from a multi-cohort study 
of two regions of postmortem brains from 
healthy controls and individuals with 
schizophrenia (Hoffmann et al., 2019), 
normalized by DEseq2 was used to inform the 
model.
For ACC (Anterior Cingulate Cortex) the sample 
included 230 SCZ and 251 HC subjects, while for 
PFC (Prefrontal Cortex) the sample included 263 
SCZ and 295 HC subjects. Six GWAS-identified 
genes affecting five different ion channels were 
included in this modelling study, and the 
difference in expression of these genes in SCZ 
compared to healthy controls is shown in the 
table below
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Current results

In clinical experiments the P50 measurement is 
the fraction of EEG activity measured 50ms after 
each auditory click, the first is called the 
conditioning, C, the second the test, T. Healthy 
individuals will have a T/C ratio <0.5, while SCZ 
subjects will tend higher. We will only be looking 
for a decrease or increase in T/C ratio in our 
model. Our signals are a series of 5 input spikes 
to the pyramidal neurons 10ms apart.

The next steps

The current model is without any 
background noise, and the presence of such 
could affect the depletion of 
neurotransmitters, altering the firing rates 
significantly. The use of forward-modelled 
EEG instead of total numbers of spikes may 
provide additional insights.

Use of a biochemically detailed model of 
GABAB receptors (Mäki-Marttunen et al., in 
prep.) may provide the opportunity to test 
the effects of altered expression of 
additional, GABABR-pathway genes on the 
predicted P50 suppression

Hoffmann et al., Sci Data 6, 180,2019                                                    : Post Mortem Data
Trubetskoy et al., Nature 604, 502-508, 2022                                         : Newest GWAS
Markram et al., Cell 163(2):456-492, 2015                                              : Connection Data 
Carracedo et al, Journal of neuroscience 33(26),10750-10761, 2013  : Tuning Metrics
Mäki-Marttunen et al., Cereb Cortex 29(2):875-891, 2019                     : Previous Model

Model connectivity

T/C ratio

Fig. 4. The T/C ratio in model networks expressing ACC- and 
PFC-like alterations of ion channel expression suggest an 
enhanced suppression of P50. Here, the sizes of the responses 
were determined as the numbers of spikes fired in response to 
the trains (during the first 0-50 ms after the first stimulus in 
the train). The T/C ratios were significantly smaller in ACC- and 
PFC-like models compared to the control network (Wilcoxon 
rank-sum p- values; ACC: 0.0, PFC: 0.038).
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Fig. 2. SCZ-associated alterations of the expression of ion-channel-
encoding genes in both ACC and PFC predict a decreased firing rate 
of a single layer V pyramidal neuron.

Fig. 3. The response of a layer V pyramidal cell to a second train of 
5 inputs (at 100 Hz) is decreased by the introduction of the first 
train due to short-term depression.

Soma potentials

Fig. 1. The network architecture with connection probabilities.
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