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RBPs regulate the RNA metabolism

A ‘conventional’ RNA-Binding Protein (RBP) participates in the formation of ribonucleoprotein (RNP) complexes that are

principally involved in gene expression.

Keene, 2007



High-Throughuput sequencing to study the RBPs world

RIP-Seq

(i)CLIP

PAR-CLIP

Hentze et al., 2018



The concept of RNA operon



The RBPs profile is highly dynamic

The combinatorial association of many RBPs acting in trans on RNA molecules results in the metabolic regulation of a

distinct RNA subpopulations.

Keene, 2007



The molecular features of protein-RNA 
interactions



"Classical" RNA-Binding Domains

Lunde et al., 2007



"Classical" RNA-Binding Domains

RNA-recognition motif (RRM) double-stranded RNA-binding motif (dsRBM) Zinc-finger motif

Stefl et al., 2005



Modularity of RBPs

RBPs are usually composed by several repeated domains

Lunde et al., 2007



Expanding the concept of the RNA Binding

Hentze et al., 2018



Novel types of RNA binding

Hentze et al., 2018 Lunde et al., 2007



RNA metabolism and neurological diseases



RNA binding proteins preserves neuronal integrity

De Conti et al., 2017



Alterations of RBPs in neurological disorders

Nussbacher et al., 2019



Microsatellite expansion in FXS: reduced FMR1 transcription

Bassell & Warren, 2008 Huber et al., 2002

The reduction of FMRP levels induces an overexpressed LTD activity



Microsatellite expansion in FXTAS: FMR1 RNA-meidated toxicity

Sellier et al., 2013

FMR1 expanded RNA impairs the miRNA processing



Loss-of-function VS Gain-of-function

Park et al., 2015



TDP-43 and FUS/TLS 

Ling et al., 2013



TDP-43 and FUS/TLS in ALS and FTD

Ling et al., 2013
Cookson, 2017



Loss-of-function VS Gain-of-function
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• RBPs are master regulators of neuronal physiology and are consequently also involved in neuronal alterations.

There is much to learn about the biology of RBPs
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• RBPs are master regulators of neuronal physiology and are consequently also involved in neuronal alterations.

• The number and the complexity of the pathways in which RBPs are involved do not allow for an easy dissection of

specific activities, mechanisms of toxicity can be described partially.

• New findings are pointing towards functional interactions between RBPs and other proteins implicated in

neurodegenerative diseases.

There is much to learn about the biology of RBPs



RBPs are involved also in AD

Vanderweyde et al., 2016

Tau promotes TIA1 stress granules formation upon a stress stimulus



RBPs are involved also in AD

Vanderweyde et al., 2016

TIA1 KD reduces Tau protein misfolding

TIA1 overexpression induces Tau aggregation



RBPs are involved also in AD 

Vanderweyde et al., 2016

TIA1 overexpression promotes Tau-dependent neurotoxicity



RBPs are involved also in AD 

Apicco et al., 2018

Reducing  TIA1 in vivo protects against neurodegeneration and prolongs survival in transgenic P301S Tau mice



hnRNP: a subset of RBPs

Piñol-Roma et al., 1988Geuens et al., 2016



hnRNPs in cancer…

Han et al., 2010



…and neurodegeneration

Geuens et al., 2016



hnRNP K has a peculiar structural composition

Wang et al., 2020



hnRNPK has several PTMs

Xu et al., 2019
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hnRNPK regulates multiple functions in the cell

• Induction of the axon outgrowth in a ERK/JNK-dependent way (Hutchins & Szaro, 2013)

• Formation of stress granules and control of the ATP levels inside the cells (Fukuda et al., 2009)

• Modulation of LTP expression and BDNF response in neurons (Folci et al., 2014; Leal et al., 2017)

• Regulation of RNAs nuclear-cytoplasmatic shuttling and nuclear retention (Xu et al., 2019a; Zhu et al., 2019)



hnRNPK binds and regulates many different lncRNAs

Zhu et al., 2019Xu et al., 2019a



SINE-dependent Malat1 mislocalization activates ISR and UPR

Nguyen et al., 2020



hnRNPK and neurodegeneration



hnRNPK and prion diseases
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Conclusion and future perspectives

• The complexity introduced by the roles of RBPs in neurological diseases is providing new clues for further

investigation in the field.



Conclusion and future perspectives

• The complexity introduced by the roles of RBPs in neurological diseases is providing new clues for further

investigation in the field.

• Exploring the mechanistics of hnRNPK in prion propagation could reveal new topics in prion and similar

neurodegenerative diseases.



Thank you for the attention
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