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PROJECT 1 

DoS: Luca Rampoldi 

Title: Dissecting the heterogeneous effects of renin mutations associated with Autosomal Dominant 
Tubulointerstitial Kidney Disease 

Curriculum: Cellular and Molecular Biology 

Link to OSR/UniSR personal 
page:  

https://research.hsr.it/en/divisions/genetics-and-cell-
biology/molecular-genetics-of-renal-disorders.html 

Project description (Number of characters, including spaces: 2.000 - 3.000): 

Autosomal Dominant Tubulo-interstitial Kidney Disease (ADTKD) is a rare genetic disorder characterized by 
autosomal dominant transmission, progressive chronic kidney disease and renal tubulo-interstitial fibrosis. 
To date, identified ADTKD-associated genes are UMOD (uromodulin), MUC1 (mucin-1), HNF1B (HNF1-beta), REN 
(renin) and SEC61A1 (alpha1-subunit of translocon 61) (1). REN encodes for renin a secreted aspartyl protease 
that contains a leader peptide, a pro-segment and the mature protein. Renin plays a key role in blood 
pressure and fluid balance regulation. Originally reported ADTKD-REN mutations map in renin leader peptide 
and affect protein co-translational insertion in the endoplasmic reticulum (ER) (2). Recent studies showed 
that ADTKD-related mutations in REN can also be found in the pro-segment and in the mature part of the 
protein, with different effects on protein trafficking: mutations in the pro-segment lead to accumulation in 
the ER to Golgi compartment, while mutations in the mature part lead to ER retention (3,4). The cellular effect 
has a clinical correlate, as mutations in the leader peptide and the pro-segment are associated with a more 
severe, early-onset disease, while mutations in the mature part are associated with a milder, adult form (3 
,4). This suggests that while converging to a common endpoint, REN mutations could have different primary 
effects. Genetic data strongly suggest a gain-of-function mechanism for these mutations. Indeed, loss-of-
function REN mutations are associated with a recessive disease, renal tubular dysgenesis, characterized by 
perinatal mortality, and heterozygous carriers do not have any kidney phenotype, excluding 
haploinsufficiency as a mechanism of ADTKD-REN mutations. 
The main objective of this project is to dissect downstream events following mutant renin expression to 
identify pathogenetic pathways. We aim at understanding if/how identified cellular pathways activated by 
mutant renin expression converge to a common gain-of-toxic-function effect. The study will be performed in 
already available cell models of inducible expression of different mutations localized in different protein 
domains, i.e. leader peptide (L16R), pro-segment (E48K) and mature part (L381P), as well as a cell line 
expressing the wild type protein. Such a system gives us the opportunity to carry studies at different time 
points after induction of renin expression to assess for acute and chronic effects, and possible homeostatic 
readjustment. We will use hypothesis driven approaches and omics studies (proteomic and transcriptomic) 
to have a comprehensive view of dysregulated pathways upon mutant renin expression. 
This project will lead to a significant step forward in the understanding of the main molecular mechanisms 
of pathogenesis associated with different renin mutations. The identification of pathogenetic pathways will 
allow to single out potential targets for therapeutic intervention. 
 
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

The student will acquire skills in: 
 
- molecular and cellular biology and biochemistry techniques (as cloning, transfection, protein and RNA 
extraction, immunoprecipitation, western blot, quantitative real time PCR) 
- bioinformatics analysis of omics data and use of large-scale sequencing databases (e.g. Genome 
Aggregation Database (gnomAD) (https://gnomad.broadinstitute.org). 
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