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A Commentary on

Effects of ALS-associated TANK binding kinase 1 mutations on protein-protein interactions

and kinase activity

by Ye, J., Cheung, J., Gerbino, V., Ahlsén, G., Zimanyi, C., Hirsh, D., et al. (2019). Proc. Natl. Acad.

Sci. U.S.A. 116, 24517–24526. doi: 10.1073/pnas.1915732116

THE VAST MAJORITY OF TBK1 MISSENSE VARIANTS ARE OF

UNKNOWN PATHOGENICITY

TANK-binding kinase 1 (TBK1) is a serine/threonine kinase involved in the regulation of essential
cellular functions, including innate immunity and selective autophagy (Helgason et al., 2013).
Loss-of-function mutations have been demonstrated to cause amyotrophic lateral sclerosis (ALS)
and frontotemporal dementia (FTD) (Cirulli et al., 2015; Freischmidt et al., 2015). Recently, Ye
et al. (2019) reported functional effects of 25 TBK1 missense variants found in patients with ALS
or FTD. They focus on impaired protein-protein interactions and substrate-specific defects in
pathways such as innate immunity and autophagy. The authors describe that “TBK1ALSmutations
display a variety of defects” in different cellular pathways and conclude that “multiple defects
can be caused by mutations from a single disease-associated gene but can lead to the common
pathogenic outcome.”
We would like to point out that the genetic link between TBK1 and neurodegeneration is
largely based on Mendelian dominantly inherited deleterious loss-of-function mutations (such
as splice site or frameshift mutations), which are enriched in ALS/FTD patients and result in a
loss of expression of one TBK1 allele (Freischmidt et al., 2015). Importantly, several splice-site
variants of TBK1 (Freischmidt et al., 2015) as well as an in-frame deletion of a single amino acid
[TBK1 1E643; (Gijselinck et al., 2015)] have been shown to co-segregate with the disease over
multiple generations.
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In stark contrast, rare or unique TBK1 missense variants are
also frequently detected in healthy controls (Cirulli et al., 2015;
Freischmidt et al., 2015), although, overall, being significantly
enriched in ALS/FTD patients compared to controls (Cirulli
et al., 2015). However, the study by Cirulli et al. (2015) does
not allow drawing conclusions about the pathogenicity of any
specific TBK1 missense variant. Moreover, little or no data
about co-segregation with disease are available with regard to
the vast majority of these missense variants. The fact that an
extremely rare or novel variant was detected in single or very few
unrelated individuals [see e.g., (Freischmidt et al., 2017)] with
a certain disease is by far not a proof of causality. Significant
co-segregation with the disease (preferably in more than one
family) or enrichment of the single, specific variant in patients
compared to controls would provide a more solid body of
evidence for causality of a specific variant. Hence, in our view
(Freischmidt et al., 2017) and in accordance with the ACMG
Standards and guidelines for classifying pathogenic variants
(Richards et al., 2015) almost all missense variants in TBK1
must be considered “variants of unknown significance” (VUS).
While a certain percentage of these TBK1 missense variants may
of course be pathogenic, it is highly likely that some or even

most of them represent weak risk factors, or are unrelated to
ALS/FTD causation.

Therefore, referring to TBK1 missense variants detected in
ALS patients as (pathogenic) “ALS mutations” (Ye et al., 2019)
is misleading. For the unclear causality, a correlation between
different distinct downstream effects of TBK1 variants and
ALS/FTD is currently impossible.

Consequently, while the value of the study by Ye et al. (2019)
for the structural biological understanding of TBK1 function
is undisputable, their conclusion that impairment of various
different cell biological TBK1 functions may result in ALS/FTD
is based on analyses of “variants of unknown significance” and
is currently not supported by genetic evidence. We think that
this should be taken into careful consideration when interpreting
experimental results based on TBK1 missense variants, but also
with regard to the genetic counseling of affected individuals and
their families.
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