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1. Introduction 

 Genome is composed of a chain of four different types of nucleotides, and the sequence of 

these nucleotides is the genetic information. The human genome contains about 20,000 

protein-coding genes, and these genes occupy less than 2% of the entire genome. However, 

recent studies have demonstrated that at least 75% of nucleotides in the human genome 

are transcribed into RNAs (ref 1), indicating that most of these transcripts are 

non-protein-coding RNAs (ncRNAs). NcRNAs include small RNAs, which range from 18 

to 30 nucleotides in length. Small RNAs, such as microRNAs (miRNAs) and 

Piwi-interacting RNAs (piRNAs), have distinct functions and are generated by different 

mechanisms (ref 2).  

 Normally, protein-coding RNAs [or messenger RNAs (mRNAs)] are transcribed and then 

translated into proteins. During these sequential steps, miRNAs regulate translational 

efficiency by repressing translation or degrading their target mRNAs through 

hybridization to the 3’-untranslated region (UTR) of these mRNAs. MiRNAs are 

generated from long transcripts, termed primary miRNAs (pri-miRNAs), which are 

cleaved by the nuclear Drosha-DGCR8 complex to form intermediate precursors 

(pre-miRNAs). Pre-miRNAs are then transported to the cytoplasm where they are further 

cleaved by the Dicer-TRBP complex, and are finally released as mature miRNAs. 

Approximately 2,000 human miRNAs have been identified so far, and the expression of 

each individual miRNA is tightly regulated in a development- and cell-specific manner at 

multiple steps. As a result, miRNAs can act as regulatory switches for development, 

organogenesis, and cellular differentiation. Therefore, the altered expression of certain 

miRNAs is involved in the pathogenesis of human diseases including cancers and 

neurodegenerative diseases. As a consequence, understanding the mechanisms that 

regulate the expression of each individual miRNA is essential for elucidating disease 

pathogenesis. 

 

2. Altered RNA regulation as a mechanism of neurodegenerative diseases 

 Recently, mutations have been identified in genes that encode the RNA binding protein 

TDP-43 in patients with amyotrophic lateral sclerosis (ALS) or frontotemporal lobar 

degeneration (FTLD) (ref 3). ALS is a progressive neurodegenerative disease affecting 

motor neurons and is characterized both clinically by muscle wasting, and pathologically 

by the reduction of the size and number of motor neurons. FTLD is characterized by 



 

progressive dementia due to the loss of cortical neurons. Normally, TDP-43 is localized 

predominantly in the nucleus of the cells. However, TDP-43 is accumulated in 

cytoplasmic inclusions in the affected regions of the spinal cord and brain in patients with 

ALS and FTLD, respectively (ref 3). Thus, it is likely that the loss of normal TDP-43 

function, which leads to defects or alterations in RNA regulation, plays, at least in part, a 

causative role in the pathogenesis of ALS and FTLD. However, the physiological 

functions of TDP-43, especially related to disease pathogenesis, have not been 

characterized in detail. 

 

3. TDP-43 promotes the biogenesis of a specific miRNA that enhances neurite outgrowth  

 Current research has identified multiple proteins that modulate the processing of 

specific miRNAs by interacting with the Drosha-DGCR8 or Dicer-TRBP complexes, or by 

binding directly to pri-miRNAs or pre-miRNAs (ref 4). We have recently identified that 

TDP-43 is an additional modulator for miRNA processing (ref 5). Nuclear TDP-43, a 

component of Drosha-DGCR8 complexes, facilitates the binding of the Drosha-DGCR8 

complex to a subset of pri-miRNAs, which results in their efficient cleavage into 

pre-miRNAs. Furthermore, cytoplasmic TDP-43 also associates with the Dicer-TRBP 

complex. This interaction facilitates the processing by Dicer of the specific pre-miRNAs 

via the direct binding of TDP-43 to their terminal loops. MiR-132 is one of the 

TDP-43-regulating miRNAs that is highly expressed in brain and spinal cord to promote 

neurite outgrowth. We found that TDP-43 promotes neurite outgrowth by enhancing the 

production of miR-132, which suggests that the involvement of TDP-43 in the processing 

of a subset of miRNAs is indispensable for the maintenance of neuronal homeostasis.  

 

Conclusion 

 TDP-43 promotes the biogenesis of a subset of miRNAs at a post-transcriptional level. 

MiRNAs are indispensable for the long-term survival of motor neurons (ref 6). 

Furthermore, it has been recently reported that miR-132 is the most down-regulated 

miRNA in brains of patients with FTLD (ref 7). This finding supports the idea that the 

reduced expression of miRNAs, including miR-132, by the loss of TDP-43 function might 

contribute to the pathogenesis of ALS and FTLD. Further elucidation of the significance 

of miRNAs, whose expression is regulated by TDP-43, in neuronal survival will 

contribute to the development of novel therapeutic strategies for the treatment of ALS 

and FTLD. 
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