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Investigation of the functional impact of HCN2-variants, involved in genetic 

Neurodevelopmental disorders  

Supervisor : Professor Christian Legros (https://orcid.org/0000-0002-3346-7059) 

I. Scientific context and scientific issues to be tackled 

The hyperpolarization-activated cyclic nucleotide-gated (HCN) channels constitute a subfamily of 

voltage-gated ion channels (VGIC), with 4 members (HCN1-4), encoded by 4 genes (HCN1-4) which are 

mainly expressed in the brain and the heart1. HCN channels are activated by hyperpolarized membrane 

potential and conduct very slow depolarizing currents mediated by Na+ and K+, called If in 

cardiomyocytes and Ih in neurons and regulated by cAMP1. Of note, HCN2 channels is the most 

abundantly expressed and broadly distributed throughout the brain, remarkably in the cortex, in the 

hippocampus, the amygdala, and in the thalamus, brain regions, underlying the pathophysiology of 

neuronal disorders, such as epilepsy and neurodevelopmental disorders (NDDs)2,3. HCN2 subunits form 

homotetramer, but they are also present in association with HCN1 in cortical structures4–6. Of note, 

the increased formation of HCN1/HCN2 heteromeric channels in cortical neurons is associated with 

altered properties of the resulting Ih, significantly enhancing network excitability4–6. In addition, HCN1 

and HCN2 homotetramers exhibits distinct subcellular localization in pyramidal neurons, while HCN1 

is mostly dendritic, HCN2 is expressed in the soma7. HCN1/HCN2 heterotetramers are localized in 

dendrites in these neurons.  

Although the number of HCN1 and HCN2 variants recorded in genetic databases such as 

ClinVar is growing, the pathophysiology of most of these variants is still unknown. Today, the 

highest number of pathogenic variants linked to NDDs and epilepsy is found for HCN18,9. More 

than 30 pathogenic variations in HCN1 have been clearly established as a cause of epilepsy, 

but also of intellectual deficiency (ID)8. Indeed, HCN1 variants have been described in in-vitro 

studies and using transgenic models, showing loss of function (LoF), gain of function (GoF) and 

aberrant function (AF)7,10,11. All insights concerning the functional impact of HCN1 and HCN2 

variants were obtained independently. Although HCN1/HCN2 heterotetramers are present in 

cortical and pyramidal neurons, the functional impact of HCN2 variants on HCN1/HCN2 

heterotetramers and vice versa remains unknown. 

In contrast, before our last report12, only 6 HCN2 pathogenic variants (4 GoF and 2 LoF) have been 

described in a restricted number of individuals, with mild epilepsies, mostly without ID 13–17. In our 

recent study, we collected the clinical features of 21 individuals from 15 unrelated families, carrying 13 

HCN2 variants, with NDDs with and without epilepsy12. Using Xenopus oocytes as heterologous 

expression system, we characterized 6 variants: 1 GoF variant (R234H), 3 LoF (L377H, P493L, G587D) 

and 2 AF variants (A363V, M374L) in HCN212 by electrophysiology. In addition, we studied the structural 

impact of these variants on the 3D-structure of HCN2 channels. More recently, we enlarged our cohort 

with 5 novel patients (unpublished data), carrying HCN2 variants, with NDDs with and without epilepsy. 

The aim of our group is to further investigate the functional and structural impacts of HCN2 variants on 

HCN1 and HCN2 function, by combining different in-vitro and in-silico approaches.  

 

II. Missions of the student 

Thus, our cohort reaches 26 patients today, and 19 HCN2 novel variants were identified. The student 

will contribute to : 
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1) Characterizing the functional impact of 19 HCN2 variants in in-vitro assays and gathering the 

clinical features of 26 patients with NDDs with or without epilepsy 

2) Investigating the impact of HCN2 variants on HCN1 function by co-expression experiments in 

heterologous systems (HEK293T, SH-SY5Y cells) 

3) Investigating the impact of HCN2 variants on HCN2 and HCN1 channels 3D-structure 

The study will be conduct by combining electrophysiology (patch-clamp recordings), 3D modelling 

and molecular cell biology (cell culture, confocal microscopy, western blot, RT-qPCR…).  

 

III. Conditions of the internship (location, potential compensation or 
advantages) 

The internship will take place at our research laboratory, called Mitovasc, located within the 

Hospital University center of Angers, a multidisciplinary center equipped with state-of-the-art 

facilities for molecular biology, electrophysiology, and imaging. The student will be integrated 

into a dynamic and collaborative research team (https://mitovasc.univ-angers.fr/en/index.html) 

working on ion channel physiology and neurodevelopmental disorders. The intern will benefit 

from: 1) Full access to laboratory equipment and resources; 2) Supervision and training by 

experienced researchers in electrophysiology, molecular biology, and structural modeling; 3) 

Participation in weekly lab meetings and seminars; 4) Support for accommodation and 

transportation may be available depending on the funding scheme and institutional 

agreements; 5) A certificate of completion and potential co-authorship on publications, 

depending on the contribution. In addition, the working language of the lab is English, and the 

environment is international and inclusive. 

 

IV. Link with the Sustainable Development Goal(s) and the global EU GREEN 
vision 

This internship aligns with several Sustainable Development Goals (SDGs), such as: 

- SDG 3: Good Health and Well-being: By investigating the molecular mechanisms 

underlying NDDs and epilepsy, this project contributes to the advancement of 

biomedical knowledge that can inform future therapeutic strategies and improve 

patient outcomes. 

- SDG 4: Quality Education: The internship provides high-level scientific training and 

promotes international academic mobility, fostering the development of skilled 

researchers in the field of neuroscience. 

- SDG 9: Industry, Innovation and Infrastructure: The project integrates innovative 

methodologies such as 3D structural modeling and advanced electrophysiological 

techniques (TEVC and patch-clamp electrophysiology), contributing to the 

development of cutting-edge research infrastructure. 

In addition, in line with the EU GREEN vision, this internship will promote to: 1) Interdisciplinary 

collaboration across molecular biology, biophysics, and clinical genetics; 2) Sustainable 

academic partnerships by strengthening ties between European institutions and 3) Open 

science and data sharing, as the project contributes to publication in open access journal, 

publicly available genetic and clinical databases. 
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