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THE INVOLVEMENT OF CHOLINERGIC LATERAL SEPTUM NEURONS IN ANXIETY AND THEIR ROLE IN 
PROCESSING OLFACTORY CUES IN MALE AND FEMALE MICE 
 
Victoria Lyakhova1,2, Dániel Schlingloff1, Ágnes Simon1, Balázs Hangya1 
1 Institute of Experimental Medicine, Lendület Laboratory of Systems Neuroscience, Budapest, Hungary 
2 Semmelweis University, Doctoral College, Budapest, Hungary 
 
  
 The lateral septum (LS) is known to play a crucial role in regulating emotional states like anxiety and aggression, as well 
as influencing social behaviors, potentially in a sex-specific manner. Despite ample experimental evidence supporting these 
functions, the precise mechanisms through which the LS exerts these effects remain unclear due to conflicting findings. 
Although traditionally considered to consist solely of GABAergic cells, our research has identified a subset of LS cells 
expressing markers characteristic of cholinergic neurons. 
  
 In this study, we aim to study the function of LS cholinergic cells (LSCNs) by selectively manipulating their activity using 
optogenetic tools and assessing behavioral responses in various anxiety-related tasks, including the Open Field Test, 
Elevated Plus Maze, Place Preference Test. Additionally, we explore neuronal activation patterns in response to olfactory 
stimuli using the fox odour test coupled with c-Fos staining, alongside the male pheromone darcin-containing urine 
samples, then quantifying the cellular overlap. 
  
 Our findings support that optogenetic activation of LSCNs induces anxiety-like behavior in males but not in females. We 
confirmed that a large proportion of LSCNs receives input from somatostatin (SOM) terminals. Predator odour exposure 
elicited stronger activation of LSCNs in females, whereas males had more SOM input-receiving neurons activated as a 
result to the olfactory cue. However, males showed a higher rate of LSCN activation than females after exposure to darcin. 
 We plan to employ a diverse array of techniques, including chemogenetic inhibition and stimulation, optogenetic 
inhibition, fiber photometry, electrophysiology, and anatomical and cellular composition studies, to further unravel the 
functional role of LSCNs within the LS and their broader implications for emotional regulation, social behavior and cognitive 
function in physiological and dementia mice models. 
 
This research was supported by the HUN-REN, the National Research, Development and Innovation Office (NKFIH 
K135561, NKFIH K147097), the Hungarian Brain Research Program 3.0 (NAP2022-I-1/2022) and LP2024-8/2024. 
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Thalamic input of the medial preoptic area promotes maternal care in rats 
 
Gina Puska1,2, Lilla Radvan2, Vivien Szendi2, Tamás Láng3, Bereniké Dorka Kovács1,2, Máté Egyed2, Árpád Dobolyi2 
1 University of Veterinary Medicine Budapest, Department of Zoology, Budapest, Hungary 
2 Eötvös Loránd University, Department of Physiology and Neurobiology, Laboratory of Molecular and Systems Neurobiology, Budapest, Hungary 
3 Semmelweis University, Department of Anatomy, Histology and Embryology, Laboratory of Neuromorphology, Budapest, Hungary 
 
 Mothers receive a set of different sensory cues from the pups, which are then processed by a complex integrative neural 
circuit. The medial preoptic area (MPOA) as the regulatory center of maternal behavior is a key component of this network 
by receiving diverse inputs from brain regions involved in sensory processing. Although, preoptic neuronal cell types 
promoting maternal care have been extensively studied, the specific afferent neural pathways participating in the integration 
of pup-related cues remain unknown. MPOA receives input from a thalamic region, the posterior intralaminar thalamic 
nucleus (PIL) which came into focus in recent years. PIL neurons expressing the maternally induced neuropeptide, 
parathyroid hormone 2 (PTH2), are supposed to transmit suckling stimuli to higher-order brain areas. In light of these data, 
our objective was to ascertain whether pup-related cues are transmitted from PIL neurons to the MPOA in mother rats. 
First, we examined the involvement of PIL neurons in the regulation of pup-directed behaviors. Therefore, chemogenetic 
stimulation of PIL neurons was performed by injecting a virus expressing an excitatory designer receptor into the PIL. 
Following ligand administration, the time spent with nest building and pup-related behaviors such as licking and grooming of 
the pups was increased. Furthermore, the latency of pup-retrieval was reduced upon stimulation. In order to examine the 
pup-induced activation of the PIL-MPOA pathway, we applied retrograde tracer injection into the MPOA and performed c-
Fos immunolabelling. It was found that almost all MPOA-projecting PIL neurons are activated following pup exposure. 
Furthermore, a considerable proportion of these neurons are part of the PTH2-expressing neuronal cluster and were also 
labelled with calbindin (Cb). We also investigated whether Cb+ PTH2-expressing neurons of the PIL are activated 
specifically due to the exposure of touch-related pup stimuli. We established that these cells were prominently activated in 
mothers suckling their pups compared to mothers being separated from their pups. The MPOA is composed of various cell 
clusters involved in stimuli integration, and our findings demonstrate that one of these receives somatosensory inputs from 
the pups via Cb+ PTH2-expressing PIL neurons. In conclusion, our data indicate the role of the PIL-MPOA pathway in the 
formation of the maternal phenotype based on the processing of pup-associated direct contact-related cues. 
 
Strategic research fund of the University of Veterinary Medicine Budapest (Grant No. SRF-001.) for PG, DKOP-23 Doctoral 
Excellence Program and Gedeon Richter Excellence PhD Grant for VSz, NKFIH OTKA K146077, OTKA National Research 
Excellence program 151425, and MTA NAP2022-I-3/2022 (NAP 3) for AD. 
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