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Editorial
Amyotrophic Lateral Sclerosis (ALS) is a rare but very severe

disease. In ALS patients, defect in motor neuron accompanied with
muscle atrophy progresses rapidly that results in defect in locomotion,
swallowing and respiration. Patients normally die in 2 to 5 years after
the onset of disease, if the artificial ventilator is not equipped.
However, up to now there is no effective therapy. A number of
epidemiological studies suggested that ALS relates to cancer. It has
been shown that prostate cancer survivors are associated with a
decreased risk of ALS [1]. In the contrary, a significantly elevated risk
of ALS among survivors of melanoma and tongue cancer has been also
reported [1]. ALS and cancer share defects in various cellular processes
including cell survival, cell death and cell cycle. However, in ALS the
defects results in progressive defect of motor neuron, while in cancer it
results in uncontrolled cell survival and proliferation [1]. More than
thirty ALS-causing genes have been identified and every year still new
ALS-causing gene is reported. Some of them appear to be involved in
not only ALS but also cancer as summarized below and in Table 1.

Gene ALS Cancer

VAPB missense fusion gene

UBQLN disruption (UBQLN2), missense loss or under-expressed

VCP missense elevated expression

EWSR
1 missense translocation

TAF15 missense fusion gene

TDP-43 missense upregulated expression

FUS missense, in-frame deletion,
frameshift fusion gene

MALAT
1 binding to TDP-43 highly expressed

NEAT1 binding to TDP-43 and FUS overexpressed

C9orf7
2 hexanucleotide repeat expansion hexanucleotide repeat

expansion

Table 1: Summary of genes related to both ALS and cancer.

Vesicle associated membrane protein-associated protein B (VAPB)
localizes to both endoplasmic reticulum (ER) and mitochondria, where
it involves in the ER-associated unfolded protein response and calcium
exchange between ER and mitochondria [2]. A missense mutation in
the coding region of VAPB has been identified in ALS patients and

mitochondrial dysfunction appears to be a major cause for VAPB-
associated ALS [2]. In association with cancer, the fusion gene VAPB-
IKZF3 (IKAROS family zinc finger 3) has been identified in breast
cancer cells and it is suggested to be important for their growth and
survival [3].

Ubiquilin family proteins (UBQLN1, UBQLN2, UBQLN3,
UBQLN4 and UBQLN) contain the ubiquilin-like domain and the
ubiquitin-associated domain. Disruption of UBQLN function is linked
to various neurodegenerative diseases, including ALS. In fact,
mutations in UBQLN2 are reported to cause ALS [4], likely due to the
defect in transport of polyubiquitinated proteins to the proteasome [5].
Both UBQLN1 and UBQLN2 regulate cell migration, invasion,
reorganization of actin cytoskeleton and epithelial mesenchymal
transition. The UBQLN1 gene is lost or under-expressed in a large
percent of human cancer cell lines [6]. Moreover frequent mutations in
all five Ubiquilin family genes have been identified in lung cancer [6].

Valosin-containing protein (VCP) is an AAA ATPase that plays
multiple roles such as morphological alteration of nuclear and Golgi
membranes, transcriptional regulation, membrane fusion,
programmed cell death, protein transportation and protein
degradation. VCP is linked to the pathogenesis of ALS and other
neurodegenerative diseases [7]. In relation to cancer, it is reported that
the elevated expression of VCP correlates to the progression, prognosis
and metastatic potential of esophageal carcinoma, colorectal
carcinoma and prostate cancer. VCP promotes the growth, invasion,
and metastasis of colorectal cancer [8].

Ewing sarcoma breakpoint region 1 (EWSR1) carrying RNA-
binding domain plays a critical role in human B cell development and
meiosis. Several translocations involving EWSR1 gene have been
reported in cancer, such as t(11;22)(q24;q12) chromosome
translocation in Ewing’s sarcoma and peripheral neuroepithelioma in
which RNA-binding domain of EWSR1 is replaced with the DNA-
binding domain of the transcription factor FLI-1 [1]. The other fusion
of EWSR1 with the transcription factor ATF-1 or ERG is reported in
malignant melanoma and Ewing family of tumors, respectively [1].
Missense variants of the EWSR1 gene are also reported in relation to
ALS. In these ALS-specific variants, EWSR1 protein mislocalizes in
motor neuron [1].

TATA-binding protein-associated factor 15 (TAF15) controls
cellular viability by regulating cell cycle and cell death-related genes
through a pathway involving a subset of the microRNA (miRNA),
miR-17 family [1]. The fusion of TAF15 and the orphan nuclear
receptor CHN gene was identified in extra skeletal myxoid
chondrosarcoma [1]. Thereafter, fusion genes of TAF15 with the
transcription factor CIZ/NMP4 gene and the orphan nuclear receptor
NR4A3 gene were identified in acute leukemia and skeletal myxoid
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chondrosarcoma, respectively [1]. In relation to ALS, nonsynonymous
missense variants of TAF15 are reported in ALS patients [1]. These
variants cause formation of cytoplasmic aggregates when expressed in
primary cultures of spinal cord neurons and TAF proteins are found to
be mislocalized in motor neurons in ALS patients [1].

TAR DNA-binding protein-43 (TDP-43) containing two RNA
recognition motifs is involved in regulating RNA metabolism
including transcription, splicing, mRNA stability, mRNA transport and
miRNA biogenesis [1]. TDP-43 is a nuclear protein, but it mislocalizes
in the cytoplasm as a component of ubiquitinated, cytoplasmic
granules in the neurons of ALS and FTLD (frontotemporal lobar
degeneration) patients [2]. Nearly 50 mutations in the TDP-43 gene
have been identified in these neurodegenerative diseases [2]. In
relation to cancer, a variant in a genomic region near the TDP-43 gene
is mapped to be a strong Ewing sarcoma susceptibility locus [1]. It is
also reported that expression of TDP-43 is upregulated in
hepatocellular carcinoma cells [1].

Fused in sarcoma/translocated in liposarcoma (FUS/TLS or FUS)
contains a single RNA recognition motifs and is also thought to be
involved in regulation of RNA metabolism including transcription,
splicing, mRNA stability, mRNA transport and miRNA biogenesis [1].
The FUS gene was first identified as a fusion gene with the DNA-
Damage-Inducible Transcript 3 (DDIT3, CHOP or GADD153) in
myxoid liposarcomas with the translocation t(12; 16)(q13; p11) [9].
The overexpression of FUS inhibits growth of prostate cancer cells,
while its knockdown increases cell proliferation [1]. Mutations in FUS
have been identified in ALS and FTLD patients [1]. Similarly to
TDP-43, FUS was detected in the neuronal cytoplasmic inclusions in
spinal motor neurons of ALS and FTD patients [1].

Based on the studies with ALS-causing RNA binding proteins as
described above, attentions are currently paid on miRNAs in relation
to both ALS and cancer [10,11]. The miRNAs are evolutionally
conserved class of small, regulatory non-coding RNAs that negatively
regulate expressions of protein coding genes and non-coding
transcripts. They play critical roles in tumor initiation, progression and
metastasis [11]. Deregulation of miRNA is reported in several cancers
with both oncogenic and anti-oncogenic roles [11]. In ALS, the specific
miRNAs, particularly miR-9, miR-125b, miR-132, miR-143 and
miR-574 are found to be under control of both TDP-43 and FUS [10].
These miRNAs appear to be a different set of those involving in cancer.
However, miR-155 that is involved in sustained angiogenesis, evading
immune surveillance and tumor-promoting inflammation and
genomic instability in relation to cancer is also reported to be
upregulated in ALS [10, 11].

Some of the long non-coding RNAs (lncRNA) are found to be
involved in both ALS and cancer. The lncRNA are a group of non-
coding RNAs composed of longer than 200 nucleotides [12]. They
exhibit a variety of functions, including chromatin remodeling, mRNA
splicing and editing, and transcriptional regulation. The lncRNA plays
a key role in various cellular processes, including cell growth, apoptosis
and carcinogenesis.

Metastasis-associated lung adenocarcinoma transcript 1 (MALAT1)
is a nuclear lncRNA composed of more than 8,000 nucleotides,
regulating alternative splicing by modulating the level of active serine/
arginine splicing factors [12]. MALAT1 is highly expressed in
pancreatic cancer and its expression closely correlate with clinical
stage, tumor size, metastasis in pancreatic cancer patients [13]. It is
reported that downregulation of MALAT1 inhibits tumor cell

proliferation and decreases cell migration and invasion in vitro [13].
MALAT1 is also highly expressed in clear renal cell carcinoma tissues
and renal cancer cells and correlates with cell proliferation, migration
and invasion of these cancer cells [13]. Similarly high expression of
MALAT1 is reported in multiple myeloma, promoting cancer
progression [13]. MALAT1 is also reported to promote proliferation
and metastasis of osteosarcoma cells by activating the
phosphoinositide 3-kinase/Akt pathway [13]. Nuclear enriched
abundant transcript 1 (NEAT1), an lncRNA essential for the formation
of nuclear body paraspeckles, is overexpressed in prostate cancer [14].
NEAT1 promotes myeloid differentiation. It is inhibited in acute
promyelocytic leukemia patients by promyelocytic leukemia/retinoic
acid receptor a, implicating a role of NEAT1 in acute promyelocytic
leukemia [13].

By using individual-nucleotide resolution UV-crosslinking and
immunoprecipitation, TDP-43 binding sites are mapped on the human
RNAs [14]. Interestingly, preferential binding of TDP-43 to MALAT1
and NEAT1 in the brains of FTD patients are reported [14]. Moreover,
it is demonstrated that TDP-43 and FUS are enriched in paraspeckles
and bound to NEAT1 directly in ALS spinal motor neurons [14].

It should also be noted that the ALS-causing gene, C9orf72
produces noncoding transcripts with hexanucleotide repeat expansion
[15]. Both sense and antisense C9orf72 transcripts are elevated in the
brains of ALS patients where they form nuclear RNA foci [15]. In
relation to cancer, correlation of C9orf72 transcripts carrying
hexanucleotide repeat expansion to a dysplastic gangliocytoma is also
implicated [16].

About 75% of causative factors of human diseases are conserved in
Drosophila melanogaster. Based on the accumulation of lots of
knowledge in genetics and developmental biology, the Drosophila
models have been playing important roles for the study of human
diseases including ALS and cancer [2]. Genetic screen with Drosophila
ALS models identified the genes and signaling pathways that
genetically interacts with the ALS-causing genes. Histone deacetylase 6
(HDAC6) has been identified as a modifier of TDP-43-associated
phenotype [2]. Reducing HDAC6 expression rescues motor neuron
dysfunction observed in flies carrying the TDP-43 A315T mutant gene
[2]. In association with cancer, HDAC6 is overexpressed in clear cell
renal cell carcinoma and it increases invasiveness and motility in
kidney epithelial cells through deacetylation of a-tubulin [17].
Inhibition of HDAC6 exerts anti-tumor and anti-inflammation effects
[18].

The rhomboid-1 and -3 genes were identified as genetic interactants
with the Drosophila FUS, cabeza gene [19]. Cabeza negatively
regulates these genes that are positive regulators of the mitogen-
activated protein kinase (MAPK) signaling pathway. In mammals,
links between perturbations of the MAPK signaling pathway and ALS
are also reported [20]. It is well known that mutations of components
of MAPK signaling pathways are found in various cancers [20].
Considering the successful use of Drosophila model to identify genetic
interactants with the ALS-causing genes, more extensive genetic screen
with various ALS model flies will allow us to identify more genes and
signaling pathways that are commonly related to ALS. These common
genes and pathways could be promising targets for therapy of ALS.
However, considering the mutual link between ALS and cancer [21],
cautions have to be taken, since therapy designed for ALS may increase
risk of cancer and vice versa.
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