Final Report

ESF Exchange Visit

“Slc26a2 as a candidate gene in the pathogenesis of primary aldosteronism”

Purpose of the visit
In our preliminary work, expression of SLC26A2 was readily detectable in the human adrenocortical cancer cell line NCIh295. Utilizing this in vitro model we chose well known regulators of aldosterone release including angiotensin II, ACTH (as Synacthen), forskolin as well as potassium. Treatment of NCIh295 cells with angiotensin II resulted in a significant downregulation of SLC26A2 expression levels while no effects were detectable by synacthen treatment and significant upregulation upon incubation with forskolin. Moreover, increasing doses of potassium resulted in a plateau-like upregulation of SLC26A2 expression levels in NCIh295 cells. Based on an expression analysis by real-time PCR, highest levels of SLC26A2 mRNA could be verified in both human and murine adrenal glands in comparison to pancreas, liver and a RNA pool of different human organs as well as kidney, lung, heart, liver, spleen among others for wild type mice, providing evidence for a potential functional role of SLC26A2 in adrenal physiology.

We next aimed at the evaluation whether SLC26A2 function in adrenocortical cells would impact aldosterone secretion. A lentiviral based knock-down system in NCIh295 cells was used. In contrast to an unspecific, non-targeting shRNA construct which did not affect aldosterone secretion as compared with untreated NCIh295 cells, specific knock-down of SLC26A2 resulted in a highly significant increase in aldosterone levels in the supernatant.

To further substantiate these findings indicating an opposed effect of adrenal SLC26A2 expression on aldosterone output we would move to an in vivo system. A collaboration with Prof. Antonio Rossi (University of Pavia, Italy) who studies a diastrophic dysplasia sulfate transporter (SLC26A2) mutant mouse model with a partial loss of function would enable this aim. Based on our in vitro studies and on the expression analyses as presented above, we hypothesize that the non-lethal SLC26A2 knock-out animals should present with higher aldosterone levels in comparison to their wild type littermates. To answer this question, we will aim at the elucidation of the endocrine phenotype of these animals – which is, however, complicated by the small size and consecutive small blood volume of knock-out animals. The mutant animals present a non-lethal phenotype but only survive for a few weeks with a mortality of around 50% from birth to d21 and are characterised by a reduced growth and body weight and limited motor activity. Due to their skeletal phenotype safe transportation in our laboratory is uncertain. 

In the proposed visit a thorough investigation of the adrenal and hormonal phenotype of these mutant animals should be performed. Blood pressure measurements should take place in affected mice and their unaffected littermates under baseline conditions but also upon a high salt diet, to investigate the integrity of blood pressure regulation mechanisms in the mutant animals. Plasma samples for potassium, aldosterone and renin measurements and urin samples for quantification of aldosterone metabolites should be also collected under baseline conditions and upon high salt diet. Furthermore, the adrenal glands of the mice should be collected and from these tissue samples from male and female animals real-time analysis of the steroidogenic enzymes involved in aldosterone synthesis, such as StAR, cyp11a1, the isoforms hsd3b1 and hsd3b6, and cyp11b2, should follow. Since increased plasma aldosterone levels correlate with cardiac fibrosis, the study of the hearts of slc26a2 knockout animals would also be of great interest. Depending on the results, it might be further necessary to evaluate the potential role of SLC26A2 in kidney function (which could impact also renin secretion).

Description of the work carried out during the visit

Breeding problems due to the semilethal phenotype of the mutant SLC26A2 mice lead to initial postponement of the visit for approximately two months. After several unsuccessful breeding attempts in order to obtain a certain amount of age matched mutant animals, we decided to alter our approach. For the collection of samples from mutant mice several shorter visits at the host university were planned, dependent on the available offspring of each breeding. In parallel, heterozygous animals, with non-lethal phenotype, were available from the breeding process. These animals, having theoretically half of the SLC26A2 expression in comparison to the wild types, could be comparable to the maximum of 30% knock-down we had achieved in our in vitro experiments.
In this context, during this initial short visit in the Department of Biochemistry at the University of Pavia, five male and five female heterozygous animals at the age of 6 weeks were euthanized together with five male and five female age matched wild types, upon ether anesthesia. Trunk blood was collected in EDTA coated tubes and upon centrifugation plasma was isolated and frozen until further processing. The adrenal glands of these animals were removed, the adjacent fat tissue was removed under stereoscope and the organs were snap-frozen in liquid nitrogen. Since heterozygous animals are expected to have a milder phenotype than mutants, as far as their aldosterone secretion is concerned, differences between heterozygous animals and wild types might be lighter and not sufficiently investigated under baseline conditions. Therefore we additionally performed a sodium load test to reveal also slight differences. Due to the limited amount of animals, this experiment was exemplarily performed only in females. One ml of normal saline (NaCl 0.9%) was injected intraperitoneally in 5 wild type and 5 heterozygous female mice. One hour later animals were decapitated upon ether anesthesia and plasma and adrenal samples were collected as previously described. 
Description of the main results obtained

The above described visit at the host university took place during the third week of June. All samples collected so far were not directly examined, since we expect to obtain also baseline samples from mutant animals in the next visit planned for mid-end of July. As an interassay variability is expected for all hormone assays, we prefer to examine all animals simultaneously, to identify also small differences. Unfortunately, a detailed description of the results obtained cannot be performed at the moment and will follow at the end of the experiment.
Future collaboration with host institution
The investigation of the aldosterone phenotype of the SLC26A2 knock-out animals is an ongoing project and the next visit for the continuation of the experiments in mutant animals is already planned. 
Projected publications to result from the grant
At present not applicable.
Upon completion of the experiment, the in vitro data, combined with the results of the ongoing work could lead to a strong publication.
