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Repetitive DNA tracts (microsatellites) occur thousands of

times throughout the human genome, and their expansion is

known to cause many diseases. Expansion of CAG repeats

encoding polyglutamine (polyQ) tracts is a pathological

cause of nine neurodegenerative diseases: spinal and bulbar

muscular atrophy, Huntington’s disease, dentatorubropal-

lidoluysian atrophy, and six autosomal dominant forms of

spinocerebellar ataxia (SCA1, 2, 3, 6, 7, and 17) [1]. In

2011, two independent groups found an intronic GGGGCC

(G4C2) expansion mutant in C9orf12 as the most common

genetic cause of both amyotrophic lateral sclerosis (ALS)

and frontotemporal dementia (FTD) [2, 3]. Evidence from

these studies supports the idea that both loss-of-function

and gain-of-function mechanisms contribute to these

diseases. Bidirectional transcription of mutant C9orf72

produces sense and antisense hexanucleotide repeat expan-

sions. These RNA tracts can undergo repeat-associated

non-AUG translation to produce aggregated dipeptides.

The aggregated substances can lead to nuclear dysfunction,

affecting RNA splicing and transcription as well as causing

DNA damage. Proteostasis pathways have also been

implicated in disease pathology, including impairments in

autophagy and lysosomal function, the unfolded protein

response, and the endoplasmic reticulum [4], as well as the

ubiquitin–proteasome system [5]. Besides gain-of-function

mechanisms, the G4C2 repeats (G4C2r) also interfere with

the expression of the C9orf72 gene product, leading to a

decreased protein level. Therefore, both C9orf72 defi-

ciency and toxic gain-of-function mechanisms can lead to

various disruptions of nucleotides and proteins, although

the pathological mechanisms remain largely unclear

(Fig. 1).

Tau, a microtubule-associated protein first discovered in

1975 and encoded by MAPT, functions in microtubule

assembly and stabilization (Fig. 2). Aggregation of tau is a

defining pathological feature of several neurodegenerative

diseases that are collectively known as tauopathies, includ-

ing Alzheimer’s disease, progressive supranuclear palsy,

corticobasal degeneration, Huntington’s disease, and fron-

totemporal dementia with parkinsonism-17 [6]. Under

pathological conditions, the altered modification of tau

can result in detachment of tau from microtubules, leading

to defects in microtubule stabilization. Neurofibrillary

tangles, which consist of hyper-phosphorylated tau acting

in a toxic gain-of-function manner, interfere with the

transport of vesicles and other cargos [7].

Previous studies implied a synergistic interaction

between G4C2r expansion and tau that leads to neurode-

generation-related pathological features in both humans

and flies. Moreover, the protein and phosphorylation levels

of tau are increased by G4C2r expansion [8]. Hyperphos-

phorylated tau that tends to aggregate into insoluble

neurofibrillary tangles are found in tauopathy patients. A

new finding published in this issue of Neuroscience

Bulletin demonstrates a potential role of tau in the

development of G4C2r expansion-induced neurodegenera-

tive diseases [9].

In this study by Wen and colleagues, overexpression of

(GGGGCC)30 repeats [(G4C2r)30] induced ALS-related

phenotypes in flies, including neurodegeneration, motor
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deficits, and shortened life span, indicating that the fly

model recapitulates some of the major symptoms in

human ALS patients [9]. Importantly, dtau homozygous

(dtau -/-) or heterozygous knockout (dtau ?/-) success-

fully rescued the ALS-related phenotypes in flies overex-

pressing (G4C2r)30, implying that tau mediates the

neurological perturbations caused by G4C2r expansion

[9]. Consistent with the findings at the cellular and

behavioral levels, expanded G4C2r increases the tau

protein levels and phosphorylated-tau levels in both fly

and human cells, further suggesting a key role of tau in the

expanded G4C2r-induced neurodegeneration [9].

In ALS patients with C9ORF72 expansion, cytoplasmic

p62/sequestosome-1 (SQSTM1)-positive inclusions have

been observed in neurons of the cerebellum, hippocampus,

and neocortex. Given that SQSTM1/p62 functions as an

autophagy receptor, this suggests autophagy deficits in

these patients. Molecular characterizations in cell lines and

primary neurons indicate that C9ORF72 regulates the

initiation of autophagy by interacting with the Rab1a and

ULK1 autophagy initiation complex. Depletion of C9orf72

leads to p62/SQSTM1-positive inclusions in these cells

[10]. In the current study, on the other hand, the authors

found that expansion of G4C2r in both fly and human cells

impaired autophagic flux by inhibiting autophagosome-

autolysosome fusion, which contributes to tau aggregation

[9]. Bcl2-associated athanogene 3 (BAG3) is a member of

the BAG family of co-chaperones and interacts with heat

shock protein (Hsp) 70. As an autophagy regulator, BAG3

can cooperate with the autophagy receptor SQSTM1/p62 to

mediate the clearance of soluble tau and its phosphorylated

forms. During this degradation process, BAG3 regulates

autophagic flux through interaction with the post-synaptic

cytoskeletal protein synaptopodin in mature neurons [11].

In this study, the authors showed that expanded G4C2r

expression reduced BAG3/starvin mRNA levels and over-

expression of BAG3 rescued the impaired autophagic flux

[9]. Taken together, these results reveal a potential

pathological mechanism underlying neurological diseases

caused by G4C2 expansion: the expanded G4C2r expres-

sion decreases BAG3 expression, leading to reduced

autophagic flux and tau accumulation. Given that tau also

appears to mediate HTT-induced neurodegeneration, alter-

ations in the BAG3-autophagy-tau pathway may contribute

to the pathological processes in Huntington’s disease and

Fig. 1 Cellular processes implicated in FTD and ALS associated

with GGGGCC repeat expansion

Fig. 2 Potential roles of tau in different subcellular compartments
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perhaps other repeat-expansion-induced neurodegenerative

diseases as well. Further explorations are needed to

validate this, as well as to determine whether these findings

in flies hold true in mammals. Nonetheless, the current

work offers new hope for possible therapeutic targets for

these devastating neurodegenerative diseases.
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