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Background:Tauopathies are a group of sporadic and familial
neurodegenerative diseases, including Alzheimer’s disease
(AD) [1-5]. These diseases share the common feature of
neurofibrillary tangles (NFT) mainly composed of hyperphos-
phorylated microtubule-associated protein Tau (MAPT),
which is central to the progressive neuronal dysfunction
and damage in tauopathy patients[6-10]. The exact molecular
mechanisms of NFT formation remains unclear. MAPT exon
10 encodes the second microtubule-binding repeat. Its alter-
native splicing (AS) produces three or four microtubule-bind-
ing repeats, termed 3R-Tau and 4R-Tau[11-13](Figure 1A).
Approximately equal amount of 3R- and 4R-Tau are found
in healthy brain, whereas the distorted 3R/4R Tau ratio is
associated with tauopathy[14]. Several trans-acting factors
have been reported to regulate Tau Exon 10 AS, mainly
based on their consensus binding motifs[14-19]. However, a
comprehensive list of modulators that contribute to Tau
exon 10 AS regulation is still missing, which is crucial
knowledge to unveil the mechanism that connects Tau exon
10 AS with neurodegeneration. Methods: We prepared a Tau
mini-gene cassette that contains complete sequences of Tau
exons 9, 10, and 11, along with partial sequences of Tau introns
9 and 10 (Figure 1C). In the SH-SY5Y neuroblastoma cell line
that stably expresses the Tau mini-gene cassette, we performed
RNA-antisense purification (RAP) proteomic experiments to
identify RNA-binding proteins (RBPs) that interact with the pri-
mary mRNA (pre-mRNA) of the Tau mini-gene (Figure 2A).
These RBPs represent candidate splicing factors that contribute
to Tau exon 10 AS regulation. Results:We checked Tau Exon 10
AS profile in neuroblastoma cell lines (Figure 1B,1D and 1E)
and identified a list of RBPs that interact with the pre-mRNA
of the Tau mini-gene by performing RAP proteomics in SH-
SY5Y cells (Figure 2). We are currently validating these novel
RNA-protein interactions in the SH-SY5Y cells as well as
cortical neurons derived from human induced pluripotent stem
cells (iPSC). Conclusions: We discovered a comprehensive list
of RBPs that interact with the Tau pre-mRNA. Further validation
assays are needed in postmortem human brain samples and hu-
man iPSC-derived cortical neurons to confirm the roles of these
newly-identified RBPs in Tau exon 10 AS regulation in human
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Background: Amyotrophic lateral sclerosis (ALS) and fronto-
temporal dementia (FTD) are distinct disorders, yet these con-
ditions share key pathologic and genetic features, suggesting
conserved disease mechanisms1,2. The majority of individuals
with ALS and FTD exhibit neuronal cytoplasmic inclusions
rich in the RNA binding protein TDP433, and changes in
TDP43 localization and levels are strongly predictive of neu-
rons loss in ALS/FTD4,5. Previous investigations suggest that
TDP43’s ability to bind RNA is essential for neurodegeneration
upon TDP43 accumulation, but the mechanism by which
TDP43 deposition leads to neuron loss in ALS and FTD re-
mains unclear. Methods:We manipulated the RNA binding prop-
erties of TDP43 by targeting an intramolecular salt bridge that is
essential for maintaining TDP43 structure and activity. We then
examined the impact of these modifications on TDP43 RNA
binding in vitro and in vivo. We also investigated the localiza-
tion, stability and toxicity of RNA binding-deficient variants of
TDP43 in rodent primary neurons. We confirmed our results
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Figure 1. Expression of Tau isoforms. (A) Alternative splicing of exon 10

(E10) gives rise to Tau with either 3 or 4 micro- tubule-binding domain re-

peats, termed 3R and 4R, respectively. Alternative splicing of exons 2 and

3 (E2 and E3) towards the N-terminus gives rise to additional Tau isoforms

(0N, 1N, and 2N) found in CNS. Other exons are alternatively spliced in

high molecular weight Tau isoforms (HMW) in peripheral tissues, but

are found at low frequency in the CNS. Chromosome map adapted from

UCSC Genome Browser. (B) Endogenous Tau 3R and 4R isoforms in

the SH-SY5Y and SK-N-SH neuroblastoma cell lines measured by RT-

PCR, using primers F and R as shown in (A) and (C). (C) Construct of

Tau mini- gene expressed in the neuroblastoma cell lines. I9-A: +1 to

+990nt in intron 9; I9-B: +12645 to +13645nt in intron 9; I10-A: +1 to

+1000nt in intron 10; I10-B: +2840 to +3840nt in intron 10. (D) Detection

of the pre-mRNA of the Tau mini-gene product in SK-N-SH cells after

transfection using RT-PCR, with primers Fp and Rp as shown in (C).

The endogenous Tau pre-mRNAwas not detectable in the transfection con-

trol. (E) Using RT-PCR, the ratio between Tau 3R and 4R isoforms ex-

pressed from the mini-gene (right, with primers F’ and R’ as shown in

panel C) is similar to that of endogenous Tau (left, with primers F and R

as shown in panel C) in SK-N-SH cells.

igure 2. Identification of proteins binding to the Tau mini-gene pre-mRNA

sing the RAP proteomic method. (A) Identification of Tau specific RBP

andidates by performing the RAP enrichment procedure in the SH-SY5Y

ell line that stably express the Tau mini-gene cassette, followed by proteo-

ic analysis. (B-C) Specific enrichment of the Tau mini-gene pre-mRNA in

K-N-SH cells stably expressing the Tau mini-gene cassette after transfec-

on. (B) The Tau mini-gene pre-mRNA abundance was measured by qRT-

CR using the primers Fp and Rp as shown in Figure 1C. (C)TheUl snRNA

budance through the RAP process was measured by qRT-PCR. GAPDH

as used as the internal standard in both (B) and (C).
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by modifying the endogenous TDP43 ortholog (TDP-1) in Cae-
norhabditis elegans. Lastly, to identify the RNA misprocessing
events most closely linked to neuron loss in TDP43 mediated
disease, we sequenced RNA from human cell lines overexpress-
ing TDP43 and RNA binding-deficient TDP43 variants. Results:
Mutations affecting the TDP43 salt bridge reduce the coopera-
tivity and affinity of nucleic acid binding by TDP43, and elimi-
nate recognition of its native RNA targets. These same mutations
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dramatically destabilize the protein, impair nuclear localization
and largely eliminate TDP43 toxicity upon overexpression in
primary neurons. Worms harboring analogous mutations in
TDP-1 demonstrate phenotypes similar to knockout strains, con-
firming the necessity of the salt bridge for TDP43 function.
High-throughput RNA sequencing and splicing analyses
indicated that TDP43 accumulation predominantly affects tran-
scripts encoding components of the ribosome and oxidative
phosphorylation pathways, thereby impairing protein synthesis
and energy production. Conclusions: Our results suggest that
an intramolecular salt bridge is critical for TDP43’s RNA
binding properties. Moreover, selective disruption of the salt
bridge significantly and effectively reduced TDP43-dependent
toxicity in ALS/FTD models. These studies therefore uncover
fundamental mechanisms contributing to neurodegeneration
in ALS and FTD that may serve as valid targets for therapy
development.
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