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TLS is important, altering the expression 
of target genes. If so, it will be important 
to determine if genes we identified are 
misexpressed in ALS.

One of the TLS target genes we found 
is ZNF294, or LISTERIN, which encodes 
an E3 ubiquitin ligase mutated in some 
colon cancer cell lines,6 and which is 
downregulated by TLS. The yeast homo-
log, Ltn1, marks nascent proteins trans-
lated from mRNA lacking a stop codon 
for degradation, while mutation of the 
murine homolog causes neurodegenera-
tion in mice.7,8 While the causative genes 
for many neurological diseases have 
not been mapped, the involvement of 
LISTERIN in neurodegeneration, and 
its regulation by TLS, indicates that this 
pathway may be involved in ALS. Thus, 
TLS regulates a gene involved in control 
of protein quality, and disruption of this 
pathway may contribute to neurodegen-
erative disease.

MECP2 (encoding methyl CpG-
binding protein 2) is another TLS target 
gene, in this case activated by TLS, with 
a role in neurological disorders. MECP2 
was originally thought to act as a transcrip-
tional repressor but was also found to acti-
vate a number of genes.9 Mutations cause 
the neurodevelopmental disorder Rett 
syndrome, while MECP2 overexpression 
results in other neurological ailments.10 
Intriguingly, TDP-43 binds MECP2 
protein, while TLS acts at the transcrip-
tional level in regulating MECP2. Thus, 
TLS and TDP-43 may regulate a com-
mon pathway important in neurological 
disorders.

Increasing our understanding of how 
TLS, as well as EWS and TAF15 (the 

and showed changes in expression, both 
positive and negative, when TLS levels 
were altered. A bioinformatics analysis of 
the microarray data identified three statis-
tically significant sequences enriched in 
DNA bound by TLS, and one or more of 
these sequences were present in the pro-
moter regions of the genes we verified. 
Surprisingly, we found that purified TLS 
bound these sequences with specificity 
as single-strand, but not double-strand, 
DNA. What domain(s) of the protein is 
(are) involved in DNA binding, and how 
this relates to TLS promoter recognition 
in vivo, are important goals for the future.

Several of the genes we identified are 
involved in neuronal functions. Attention 
to the role of TLS in neurons has inten-
sified since the discovery that TLS is an 
important ALS target gene. Most muta-
tions are in the C-terminal domain (Fig. 1) 
and result in altered localization, such that 
all or a significant fraction of the protein 
accumulates in the cytoplasm, largely in 
aggregates. Arginine methylation at R521, 
a frequent site of mutation, or other argi-
nine residues, may affect cellular localiza-
tion and/or protein-protein interactions. 
Another nuclear protein, TDP-43 (TAR 
DNA-binding protein 43), which has 
similar domains to TLS, was also found 
to be a target of mutations in ALS.5 In 
this case, mutant proteins are modified by 
hyperphosphorylation and ubiquitination 
and also aggregate in the cytoplasm. Thus, 
incorrect localization or altered post-trans-
lational modification and aggregation may 
result in the motor neuron degeneration 
that occurs in ALS. A critical question is 
how these aggregates lead to disease. One 
possibility is that the decrease in nuclear 

Translocated in liposarcoma/fused in sar-
coma (TLS/FUS, or TLS) was discovered 
20 y ago through a characteristic chro-
mosomal translocation.1 TLS is related to 
EWS (Ewing sarcoma) and TAF15 (TBP-
associated factor 15). All are abundant 
nuclear proteins with an N-terminal tran-
scriptional activation domain, an RNA-
binding domain, RGG boxes and a zinc 
finger (Fig. 1). The N terminus of each has 
been found fused to a transcription factor, 
e.g., CHOP, through chromosomal trans-
location in a variety of sarcomas (Fig. 1), 
resulting in deregulated expression of the 
transcription factor’s target genes. While 
the fusion proteins and their cancer pheno-
types had been studied, the role of native 
TLS is not well understood, although 
a number of roles have been suggested, 
including functions in transcription and 
mRNA splicing. Furthermore, interest in 
these proteins has increased considerably 
with the discovery that TLS is a frequent 
target of mutation in both sporadic and 
familial forms of amyotrophic lateral scle-
rosis (ALS, or Lou Gehrig disease).2,3

Seemingly simple questions are the 
identity of TLS target genes, and how they 
are recognized. TLS has previously been 
shown to be able to bind both DNA and 
RNA, but whether it uses this ability, as 
opposed to protein-protein interactions, to 
associate with target genes, is not known.1 
To address this question, we performed 
chromatin immunoprecipitation (ChIP) 
with HeLa cells and a human promoter 
microarray to identify promoters that are 
bound, directly or indirectly, by TLS.4 We 
found a number of genes, ~50 with p value 
< 0.01, over 1,000 with p value  < 0.05, 
associated with TLS. We verified several, 
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“TET proteins”), regulates gene expres-
sion, will have implications for both 
cancer and neurodegenerative diseases. 
With respect to cancer, it seems clear that 
creation of oncogenic fusion transcrip-
tion factors is the major culprit, but it is 
conceivable that changes in expression 
of natural TET target genes, reflecting 
decreased levels of the native protein, may 
play some role, and it will be of interest 
to determine whether expression of TLS 
target genes varies in TLS-derived sarco-
mas. Likewise, does expression of TLS tar-
get genes vary in ALS, perhaps reflecting 
decreased levels of the protein in neuronal 
cell nuclei? These and other questions will 
likely maintain interest in TET proteins 
for some time.

Figure 1. Structures of TLS, EWS, TAF15, CHOP and TLS-CHOP. Domains of TLS, CHOP and TLS-CHOP are depicted, including the activation domain 
(AD), RGG boxes that contribute to RNA binding (RGG), RNA-binding domain (RBD), Cys2-Cys2 zinc finger (ZF), DNA-binding domain (DBD) and leucine 
zipper domain (LZ). The location of sarcoma breakpoints (arrowheads) and ALS-related missense mutations in TLS (stars) are also depicted.
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