
SIF Fellowship Final Progress Report: March 25th, 2021 
 

Silvia Cardani, PhD – Dept. Medical Biotechnology and Translational Medicine, University of Milan 

Project title: “Etonogestrel and phox2b - investigation of mechanisms of action and translational 

potential in CCHS” 

 

Background: Phox2b is a transcription factor essential for the correct embryonic development of 

the autonomic nervous system and in particular for the development of several classes of brainstem 

neurons involved in the chemosensitivity response. Heterozygous mutations in the phox2b gene are 

responsible for Congenital Central Hypoventilation Syndrome (CCHS), a very rare 

neurodevelopmental disease. CCHS is characterized by inadequate respiratory responses to 

hypercapnia and hypoxia due to a deficiency in the autonomic nervous system control of breathing, 

which is especially important during sleep. Although no pharmacological intervention is currently 

available for treating the disease or its symptoms, it has been proposed that hormonal treatment 

(progestins) may provide partial recovery of chemoreflex impairment, therefore opening the 

possibility for relief of the respiratory symptoms and a reduced risk of death during sleep.  

We recently demonstrated that in the PG-expressing neuroblastoma cell line, desogestrel and its 

active metabolite, etonogestrel (3-ketodesogestrel; ETO) reduce the expression of PHOX2B (both 

wild-type and the +7-alanine expanded protein) and its target genes by means of a post-

transcriptional mechanism (Cardani S. et al., 2018). This finding provides evidence for a direct 

molecular link between phox2b and desogestrel and suggests the possibility that the reduction of 

PHOX2B mutant protein may contribute to the potentiation of ventilation observed in CCHS patients 

following the introduction of desogestrel as contraceptive. However, the exact mechanism through 

which desogestrel could ameliorate respiratory symptoms in CCHS patients remains unknown and 

further preclinical and clinical studies are necessary to determine the efficacy of this treatment in 

improving breathing in CCHS patients.  

Although in vitro cell models provide several new insights about the possible mechanisms 

underlying the pharmacological response to desogestrel, they are by nature a limited representation 

of human pathophysiology. Currently, the neuronal structures and cellular changes associated with 

ETO administration in the intact nervous system are unknown. 

 

I had the opportunity to join the Pagliardini lab in September 2020. Dr. Pagliardini’s group (U of 

Alberta, Edmonton- Canada) are experts in the field of respiratory neurophysiology and sleep-

related breathing disorders in animal models. This collaborative project gives me the possibility to 
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further investigate the mechanisms of action of progestins on the chemoreflex response in an in 

vivo model and learn new experimental techniques.  

 

Due to the SARS-CoV-2 pandemic, I spent two weeks (September 25th – October 9th) in mandatory 

quarantine upon my arrival in Edmonton. Moreover, the U of Alberta (acting under government 

guidance) suspended all research activities between Dec 22nd, 2020 – Jan 25th, 2021. As lab access 

was extremely limited during these periods, our research was negatively affected. Additionally, it 

was necessary to limit planned experiments. Notwithstanding these interruptions, I have managed 

to make progress on my Fellowship project.  

During my time in Canada, I attended online courses for Animal Users and a Rat Training lab to learn 

proper animal handling. Moreover, I learnt new experimental techniques such as whole-body 

plethysmograph recording, brain sectioning using a cryostat, histology (immunofluorescence) and 

in situ hybridization (RNAScope) techniques. The combination of all these approaches, together with 

the analyses of gene (RT-PCR) and protein (Western Blot) expression, were used to study the role of 

phox2b protein in the central chemoreflex response and explore the mechanisms of respiratory 

recovery induced using progestins. 

 

AIM 1:  Effects of ETO on respiratory function and gene expression in naïve rats.  

In this aim we investigated the effects of long-term ETO treatment in adult naïve rats by studying 

the respiratory responses to ETO and using complementary approaches of RT-PCR, western blot 

immunofluorescence and RNAScope to determine changes in gene and protein expression driven 

by ETO in brain regions important for respiratory control. 

Dr. Janes (U of Alberta) implanted naïve female rats with a size-adjusted implantable contraceptive 

rod, Nexplanon® (provided by Merck) to continuously deliver ETO for 4 weeks. We tested baseline 

breathing and the respiratory chemoreflex to hypercapnia and hypoxia in these rats pre and post 

ETO implantation. At the end of 4 weeks, blood was collected (to assess ETO plasma levels via MC-

HPLC) and brain tissue from areas of interest were isolated and processed for mRNA (RT-PCR) and 

protein (Western Blot) expression analysis. In parallel experiments, mRNA and protein expression 

were detected in brain sections via RNAScope and immunofluorescence to localize molecular 

changes and identify the cellular phenotype of affected neurons. 

Our preliminary results suggest that chronic exposure to ETO in naïve rats do not alter breathing 

function but causes an interesting change in gene and protein PHOX2B expression at the level of the 
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solitary tract nucleus, a key integrative area for chemoreception that is rich in both progesterone 

receptors and Phox2b, making it a good candidate for ETO-induced respiratory recovery in our rat 

model. 

 

AIM 2: Site and mechanism of action of ETO. 

To investigate the sites and mechanisms of action of ETO that promote chemoreflex recovery we 

used a model of impaired chemosensitivity: the retrotrapezoid nucleus (RTN) lesioned rat model. 

Dr. Janes lesioned the RTN area by a local application of a toxin that selectively kills RTN neurons 

(substance P-conjgated to saporin, SP-SAP). We performed behavioural experiments on these rats 

pre- and post- injection, and subsequent to ETO administration (subcutaneous Nexplanon®). At the 

end of the behavioural experiments, rats were transcardially perfused and the brains were collected 

to perform histological analysis (immunofluorescence and RNAScope) to confirm injection sites and 

efficacy of lesion and treatment. 

Our results suggest that RTN lesions impaired normal breathing and more significantly the 

hypercapnic and hypoxic ventilatory responses. ETO administration recovered respiratory function. 

We are now investigating if this recovery is associated with a reduction of phox2b expression in the 

solitary tract nucleus, similar to the changes observed in naïve rats.  

 

In order to further understand the role of PHOX2B in chemoreception, we have also begun to silence 

the expression of phox2b by injectiing PHOX2B shRNA viruses in the retrotrapezoid nucleus. 

 

Our results will bring new knowledge about physiological mechanisms associated with progestin-

induced potentiation of ventilation in conditions of impaired central chemosensitivity, and on the 

cellular mechanisms associated with the expression of Phox2b in in vivo models. 

 

 

 

 

 

 

 

 


