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A perfect transposon storm? Many retrotransposable 
elements are reactivated in a Drosophila model of 
TDP-43 ALS. Subsequent analysis indicated that the 
siRNA machinery may be impaired through a TDP-43 
mechanism (Krug et al., 2017, CC BY 4.0 license).
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More than 98% of the 
human genome remains 
untranslated. Nearly half of 
these sequences are 
instead retrotransposable 
elements: mobile sequences 
that can ‘jump’ around the 
genome, leaving mutations and 
indels in their wake.

To keep these 
retrotransposable elements 
from creating havoc, gene 
silencing systems evolved to 
protect the human genome 
by suppressing their 
activation. But according to 
a growing number of 
studies, these systems can 
break down during the aging 
process causing many of 
these retrotransponsable 
elements to mobilize which 
may contribute to 
neurodegenerative disease 
(Maxwell et al., 2011; 
DeCecco et al., 2013; Muotri 
et al., 2010; Kaneko et al., 2011; Tan et al, 2012; Li et al., 2013).

Now, researchers at Stonybrook University School of Medicine in New York report 
that.the reactivation of at least one retrotransposable element contributes to a 
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Drosophila model of TDP-43 ALS. The study, led by Joshua Dubnau, found that 
expression of human TDP-43 in neurons or glia, weakens the siRNA-based gene 
silencing machinery, leading to the expression of some retrotransposable elements. 
Silencing one of these elements in glia, the endogeneous retrovirus (ERV) gypsy, 
partially reduced the loss of cells in the brain about 25% suggesting its reactivation 
may contribute to neurotoxicity. Subsequent analysis indicated that gypsy may mediate 
this toxicity through a DNA damage-based mechanism.

Together, the results suggest that the siRNA silencing machinery may be impaired in 
ALS through a TDP-43-mediated mechanism. This may lead to the reactivation of 
some retrotransposable elements, which may result in DNA damage, contributing to 
neurotoxicity in the disease.

The study comes at the heels of results from Avindra Nath of the National Institute of 
Neurological Disorders and Stroke (NINDS) in Maryland which detected the expression 
of human ERV HERV-K in motor neurons of some patients with sporadic ALS (see 
October 2015 news; Douville et al., 2011;Li et al., 2015).

The study is published on March 16 in PLOS Genetics.

In 2015, Avindra Nath’s team reported that HERV-K may become reactivated in some 
people with ALS (Li et al., 2015). These retroviral sequences, known as HERVs, are 
thought to have integrated into the genome millions of years ago due to infection and 
for the most part lost their ability to mobilize due to mutation (Lander et al., 2001).

A sleeper virus in nerve cells? HERV-K is thought to be the most recent 
retrovirus to integrate into the human genome. Unlike most retroviruses buried 
in the human genome, however, it remains intact and according to some 
studies, might be able to be reactivated (Turner et al., 2001; Dewannieux et al., 
2006; Lee et al., 2007). (Image: Hohn et al., 2013 under a CC BY 4.0 license.
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The study found in part, that HERV-K could be detected in the brain and the anterior 
horn of the spinal cord in some patients with sporadic ALS – some of the same regions 
affected by the disease. Subsequent analysis indicated that the expression of one of its 
viral proteins, HERV-K ENV, which encodes its envelope, resulted in motor dysfunction 
in mice. The results suggest that the reactivation of this retrovirus may contribute to the 
motor neuron pathology in the disease.

The findings build on previous observations from multiple research investigators that 
circulating levels of reverse transcriptase in the blood are increased in some patients 
with ALS and their relatives, suggesting retroviruses buried in the genome might 
contribute to the disease (Steele et al., 2005; MacGowan et al., 2007; McCormick et 
al., 2008).

Now, researchers at GeNeuro in Switzerland are developing antibodies to neutralize 
the virus. The potential therapeutic strategy, which targets the envelope protein of 
HERV-K, is currently at the preclinical stage. The project is in collaboration with Nath’s 
team at NINDS. Stay tuned.
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