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Abstract

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease that primarily affects upper and lower
motor neurons. The pathology of ALS associates closely with cellular level physiological abnormalities in TAR DNA
binding protein (TDP-43), a ubiquitously expressed, highly conserved nuclear protein. TDP-43 proteinopathy involves
excessive mislocalization and misfolding within the cytoplasm where certain components of the protein aggregate into
hyper-phosphorylated tau-negative ubiquitinated inclusions. These intracellular alterations impair neurite growth
during neuronal differentiation while damaging cell viability and ultimately causing apoptotic necrosis in affected
tissues. Studying the effects of ALS induced TDP-43 aggregation in vitro requires the establishment of a neuronal cell
culture that recapitulates the physiology of human motor neurons. NSC-34 cells can be differentiated to model selected
aspects of motor neuron development. In this study, an NSC-34 cell culture system is established for the future
comparison of cells transiently transfected for regulated expression of both wild-type and C-terminal mutated (Q311K)
TDP-43 proteins. The results indicate that NSC-34 cells seeded onto a 96-well plate in serum-free media optimally
differentiate motor neuron-like morphology, as measured by intra-well neurite length, when plated at 10k cells/well.

1. Introduction

1.1 Amyotrophic Lateral Sclerosis

As an insidious and ultimately fatal neurodegenerative disease, amyotrophic lateral sclerosis (ALS) principally
induces dysfunction and degeneration within populations of affected upper and lower motor neurons in the cerebral
cortex, brain stem, and spinal cord.>? Chronic impairment of motor signaling causes muscle atrophy and progressive
paralysis in affected patients.® Fatality frequently follows respiratory failure.* ALS also shares pathobiological
similarities with frontotemporal dementia (FTD) and both diseases are co-diagnosed in nearly a sixth of ALS cases.®
The symptoms of FTD overlap with ALS symptomatology as approximately half of the ALS patient population
develops cognitive and behavioral impairment in addition to chronic motor deficits.®

Clinical heterogeneity complicates both epidemiological studies and medical treatment of ALS. Pathological
abnormalities at the cellular level may precede clinical manifestations of disease, potentially for months or years,
while the clinical presentation of the disease progression may differ significantly depending on a variety of genetic
and environmental factors.* The incidence of ALS ranges from one to three per 100,000, with an average age of onset
around 60 years. Familial cases resulting from heritable genetic mutations may present themselves much earlier.” Life
expectancy following diagnosis ranges from one to five years, after which less than a tenth of patients survive.®

In the absence of curative therapies, current treatment for ALS attempts to decelerate disease progression while
alleviating symptoms; however, available medications are minimally effective for these purposes. The pharmaceutical
antiglutamate agent riluzole prolongs median survival by only two to three months but enables diagnosed patients to
retain motor and cognitive function for a statistically significant length of time.>° Adverse reactions to the medication



include asthenia, spasticity, and mild elevations in aminotransferase levels.!* Non-invasive respiratory support
likewise improves survival and quality of life'>. Mechanical interventions that bypass the upper airways using a
treacheostomy or endotracheal tube extend survival for years; however, these methods fail to slow disease
progression.t?

1.2 TAR DNA binding Protein

As with other neurodegenerative diseases, complex interactions between genetic factors and molecular pathways are
thought to generate multifactorial pathophysiological mechanisms for ALS.} Nearly a tenth of cases appear to be
familial, with an autosomal dominant pattern of inheritance, while the remainder arise sporadically.>> Familial ALS
(FALS) most frequently results from defects in chromosome 9 open reading frame 72 (C9ORF72) and from mutations
in the enzyme copper-zinc superoxide dismutase 1 (SOD1); these targets have been studied extensively and their role
in disease incidence is well established.*67

More recent literature suggests that some FALS phenotypes associate closely with physiological abnormalities in
TAR DNA binding protein (TDP-43), a ubiquitously expressed, highly conserved nuclear protein capable of binding
both DNA and RNA to regulate gene transcription and RNA splicing; the protein also contributes to other RNA
processing events such as somatodendritic transport.'8%° Critically, under normal conditions TDP-43 regulates the
stability of its own mRNA through a negative feedback loop.?° Despite the diverse etiology of the disease, 97% of
ALS patients show evidence of aberrant TDP-43 deposition in affected populations of upper and lower motor
neurons.?! Pathological TDP-43 deposition is also a common feature frontotemporal dementia, lending credence to
the possibility that both diseases share similar pathophysiological mechanisms.?

Although most TDP-43 localizes within the nucleus, the protein may also engage in nucleocytoplasmic shuttling.?
Nearly a third of cellular TDP-43 normally resides within the cytoplasm with nuclear efflux regulated in part by the
influence of environmental stressors.?*%> Under conditions of oxidative insult, TDP-43 assembles into stress granules
(ribonucleoprotein complexes) that function to sequester nonessential MRNA transcripts; TDP-43 thereby contributes
to neuronal plasticity by regulating somatodendritic protein synthesis.®2°

1.3 TDP-43 Proteinopathy

TDP-43 proteinopathy involves excessive mislocalization and misfolding within the cytoplasm where certain
components of the protein aggregate into hyper-phosphorylated tau-negative ubiquitinated inclusions with associated
depletion of TDP-43 from the nucleus.’® Although covalent binding of ubiquitin normally marks proteins for
degradation, failure to clear ubiquitinated proteins seems to potentiate macroaggregation and disrupt cellular
homeostasis.?® Mutated TDP-43 appears especially prone to abnormal cleavage, phosphorylation, ubiquitination and
subsequent aggregation.®

The presence of ubiquitinated inclusions correlates closely with neuronal atrophy and cell death.?* Studies on the
brains of deceased patients show that the regional spread of ubiquitinated TDP-43 inclusions accurately stages ALS
progression, lending support to the hypothesis that pathological TDP-43 deposition propagates between affected cells
along axonal pathways.?” This mechanism is consistent with TDP-43’s involvement in somatodendritic transport.®

Pathological aggregates containing TDP-43 may sequester the protein into dysfunctional stress granules that burden
affected neurons through a toxic gain of function; alternatively, mislocalized or misfolded TDP-43 may fail to interact
with appropriate binding partners and deprive the cell of essential activities due to a loss of function.?* These effects
may be particularly insidious with regards to TDP-43 since pathologically aggregated proteins fail to provide
autoregulatory negative feedback, thereby facilitating excessive protein production and deposition.?°

1.4 Animal and Cellular Models

Transgenic mice (Mus musculus) overexpressing wild-type TDP-43 develop spastic paralysis and neuronal inclusions
in a toxic gain of function model consistent with ALS and FTD pathology.?® Similarly, transgenic flies (Drosophila
melanogaster) and nematodes (Caenorhabditis elegans) demonstrate progressive neurodegeneration and functional
deficits that recapitulate the clinical features of TDP-43 proteinopathy.2®® Loss of function models using TDP-43
knockout mice result in embryonic lethality and fail to demonstrate adult-onset neurodegeneration.®3233 In tandem,
these studies suggest that neurodegenerative TDP-43 proteinopathy originates from a toxic gain of function rather
than from any functional deficiencies.
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Cellular models of TDP-43 proteinopathy likewise demonstrate a toxic gain of function in vitro. Mammalian NSC-
34 cells engineered to both full length and low molecular weight C-terminal TDP-43 fragments between 35 to 25 kDa
recapitulate neurodegenerative phenotypes.®* Both wild-type and mutated TDP-43 overexpression impairs
intracellular mitochondrial function in stably transfected NSC-34 cells by decreasing their mitochondrial
transmembrane potential, reducing expression of mitochondrial complex | activity, and increasing expression of
mitochondrial uncoupling protein 2.3 Full length TDP-43 and its C-terminal fragments accumulate within transfected
NSC-34 mitochondria before inducing dysfunction and mitophagy, as indicated by changes in protein-markers LC3-
Il and p62 that are reliably associated with autophagosomes.3®

1.5 Proposed Studies

Studying the effects of ALS induced TDP-43 aggregation in vitro requires the establishment of a neuronal cell culture
that recapitulates the physiology of human motor neurons. NSC-34 is an immortalized hybrid cell line formed by
fusing murine aminopterin-sensitive neuroblastoma N18G2 with motor neuron enriched embryonic spinal cord cells.¥
Under serum deprivation these cells can be induced to model selected aspects of motor neuron development including
neurite outgrowth and action potential generation in addition to cholinergic and glutaminergic activity.%®3° Under
optimized conditions the cellular differentiation process may be monitored using confocal microscopy.*® This
experiment addresses the optimal seeding density of NSC-34 cells for study using confocal microscopy by measuring
neurite extension as an indicator of neuronal differentiation.

Previous literature suggests that TDP-43 aggregation impairs neurite extension during neuronal differentiation,
damages cell viability, and ultimately causes apoptotic necrosis in affected tissues.3 Mutations associated with
familial ALS frequently occur on the intrinsically disordered C-terminal region of TDP-43.2> Domains on the C-
terminus bind heterogeneous ribonuclear proteins and fragments of this region have a high aggregation propensity. 434
This experiment attempts to demonstrate structural pathology in NSC-34 cells transiently transfected for regulated
expression of wild-type and C-terminal mutated TDP-43 proteins (Q311K) by analyzing the effect on neurite extension
and cell viability as measured through confocal microscopy and a cell death assay. Overexpression of both TDP-43
variants should recapitulate the cellular pathology of ALS by reducing intra-well neurite length and increasing the rate
of cell death.

2. Methodology

2.1 Proliferation

NSC-34 cells were purchased from CedarLane Cellutions Biosystems Inc. Proliferative NSC-34 cells were thawed
and plated in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin. Cells were split at a 1:10 dilution every 3-4 days.

2.2 Differentiation

To differentiate the proliferative cells into motor neuron-like cells, the media was exchanged every two or three days
and replaced with differentiative media (1:1 DMEM/F-12 [Ham], 1% FCS, 1% modified Eagle’s medium nonessential
amino acids [NEAA], and 1% P/S). Differentiated cell populations were viable for approximately three weeks over
the course of the experiment.

2.3 Confirmation

In order to confirm that the NSC-34 cells were differentiating as expected and to optimize their seeding conditions,
differentiated cells were quantified using a hemocytometer, and seeded into a 96-well plate at 2.5K, 5K, 7,5K, and
10K cells per well. Cells were monitored in real time using the Incucyte® S3 Live Cell Analysis System. The IncuCyte
analysis software was trained to recognize and quantify neurites within our laboratory’s specific cell culture
conditions. After four days, the differentiated NSC-34 wells were analyzed for average neurite length to determine
which seeding density produced optimal differentiation.
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2.4 Transfection

Coding sequences for wild-type TDP-43 (DNASU HsCD00079870) were mutated (Q311K) through site directed
mutagenesis, and subcloned into Pf12 RM Flexi® Vectors (Promega) using Sgfl and Pmel restriction enzymes. eGFP
acted as a visual confirmation for successful transfection. The pReg neo Vector (Promega) was utilized to regulate
TDP-43 protein expression within transfected cells. Transfection complexes containing the aforementioned plasmids
were formed using the ViaFect™ Transfection Reagent in Opti-MEM Reduced Serum Media at a concentration of 1
pg of DNA per 100 pl of media with a 1:3 ratio of DNA:ViaFect and incubated at room temperature for 10 minutes.
10 pl of the newly formed transfection complex solution was pipetted into each well of a 96-well plate seeded with
10K differentiated NSC-34 cells per well. Transfection was confirmed using eGFP fluorescence as a visual marker.

2.5 Regulation of Protein Expression

A chimeric transactivator protein expressed by the pReg neo Vector (Promega) interacts with a regulatory promoter
on the Pf12 RM Flexi® Vectors (Promega) to regulate TDP-43 protein expression in response to two aminocoumarin
antibiotic compounds. The pReg neo Vector (Promega) contains an SV40 early promoter with six tandem repeats of
the A operator and a minimal CMV promoter. Coumermycin Al causes dimerization of the transactivator protein and
allows A repressor domains to interact with A operator sequences on the Pf12 RM Flexi® Vectors (Promega), thereby
increasing TDP-43 protein expression. Novobiocin inhibits the actions of coumermycin Al and was included in
experimental lanes to test for potential toxicity.

2.6 Imaging and Cell Death Assay

Images acquired via microscopy were assessed for green fluorescence as a measure of transfection efficiency and for
morphological changes including cell count and number of visible neurites. Annexin V-FITC Kit (Invitrogen™)
staining would be analyzed using a plate reader to measure colorimetric changes indicative of cell death.
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3. Results

3.1 Differentiation
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Figure 1. NSC-34 neurite extensions.

Figure 1 An image of differentiating NSC-34 cells with visible neurite extensions was captured using Incucyte® S3
Live Cell Analysis System.

NSC-34 cells exist as two morphologically distinct populations; neuroblastic cells have few cytoskeletal projections
and proliferate rapidly whereas mature motor-neuron like cells recapitulate many aspects of motor neuron
development including neurofilament expression and neurite outgrowth (Fig. 1).3” Mature motor neuron-like cells
represent a better model for neurodegenerative experiments and their differentiation should be optimized for
neurodegenerative experimental models.*’ The tendency of neuroblastic populations to differentiate can be modulated
by adjusting the cell culture conditions such as the serum content of culture media and the initial cell seeding density
of each well. The results of this experiment indicate that NSC-34 cells seeded onto a 96-well plate in serum-free media
optimally differentiate motor neuron-like morphology, as measured by intra-well neurite length, when plated at 10k
cells per well (Fig. 2).
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Figure 2. NSC-34 Differentiation

Figure 2 NSC-34 cells demonstrated optimal differentiation, as measured by Incucyte® Live Cell Analysis System
according to average intra-well neurite length, when seeded at 7.5K and 10K cells per well in a 96-well plate.

3.2 Transfection

The transfection experiments (Fig. 3) were inconclusive as the plated cells suffered an infection. The first lane without
any treatments would have established baseline cell counts and apoptosis levels as a control for transfection. The
presence of eGFP in the second lane would have served as a confirmation of transfection and produce a transfected
population of cells which could be compared to the control lane to monitor for any potential toxicity from the ViaFect
Transfection Reagent; annexin staining would be analyzed with fluorescent microscopy and by using a plate reader to
measure colorimetric changes indicative of cell death. The third and eighth lanes was transfected with all three vectors
but lacked coumermycin or novobiocin treatment to register the effect of basal TDP-43 WT and Q311K protein
expression. The remaining lanes contained all treatments in addition to either coumermycin or novobiocin to ascertain
differences in cell morphology or viability as a result of increased TDP-43 protein expression and to test for the
antibiotics’ potential toxicity.
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Figure 3. Transfection plate map.

Figure 3 A schematic representation of the experimental plate map. Lane 1 contained differentiated NSC-34 cells at
10K cells per well without any transfection treatments. Lane 2 was transfected with eGFP alone. Lane 3 was
transfected with wild-type TDP-43 in the absence of coumermycin or novobiocin. Lanes 4 and 5 were transfected with
wild-type TDP-43 and protein expression was upregulated using coumermycin at 2.5 pg/well, while in lanes 6 and 7
wild-type TDP-43 protein expression was downregulated using novobiocin at 50ug/well. Lane 8 was transfected with
mutated TDP-43 (Q311K) without coumermycin or novobiocin. Lanes 9 and 10 were transfected with TDP-43 Q311K
and likewise treated with coumermycin, while lanes 11 and 12 were treated with novobiocin. Annexin was present in
all lanes at 33 ul / well.

4. Conclusion

This experiment attempted to optimize the seeding density of NSC-34 cells by measuring neurite extension as an
indicator of neuronal differentiation. Undifferentiated NSC-34 cells lack the characteristic structural and physiology
features of motor neurons which makes them a poor model for studying the potential TDP-43 induced neurotoxicity
associated with ALS. Increasing the proportion of differentiated cells in culture can increase the quality and reliability
of data obtained by future experiments on this cell line. The results indicate that seeding density substantially impacts
the ability of proliferative NSC-34 cells to differentiate; cells plated at sub-optimal seeding densities exhibit marked
reductions in neurite outgrowth, which is an important structural biomarker of maturation (Fig 3).
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Reductions in neurite outgrowth are a pathological feature of ALS.*? Given that seeding density also alters neurite
outgrowth for plated NSC-34 cells, failing to control for seeding density as a variable could confound the results of
future experiments. Undifferentiated NSC-34 cells show higher vulnerability to neurotoxins and may respond
differently to various experiment reagents.®® Further control and optimization of NSC-34 differentiation in vitro may
improve the accuracy of experimental results. Future research could recapitulate these results by analyzing the
expression of neuronal and cholinergic markers of NSC-34 cell maturation, such as MAP2, GAP-43 and ChAT, at
various seeding densities.3®

The transfection experiments may be improved by first performing optimization experiments to ascertain the ideal
reagent concentrations, as it is unknown whether some of the reagents exhibit toxicity within the proposed
experimental model. These variables include controlling for the total concentration of DNA within each well and by
adjusting the ratio of DNA to Viafect™ Transfection Reagent used to form transfection complexes. Coumermycin
and novobiocin also present some potential for toxicity.*®# Optimizing these procedures may improve cell viability
in future experiments.

5. Acknowledgements

The author wishes to express his appreciation to Dr. Angel Kaur and to the UNC Asheville Biology Department for
the opportunity to pursue this research. Completing this section of the project was possible thanks to contributions
from fellow research students, including Rosie Garris, Tatiana Gonzalez, Hannah Henken, Zach Kerkenbush, Leona
Wrenn, Mikayla Zopfi, and others.

6. References

1. Sreedharan, Jemeen, lan P. Blair, Vineeta B. Tripathi, Xun Hu, Caroline Vance, Boris Rogelj, Steven Ackerley et
al. "TDP-43 mutations in familial and sporadic amyotrophic lateral sclerosis." Science 319, no. 5870 (2008):
1668-1672.

2. Brooks, Benjamin Rix, Robert G. Miller, Michael Swash, and Theodore L. Munsat. "El Escorial revisited: revised
criteria for the diagnosis of amyotrophic lateral sclerosis.” Amyotrophic lateral sclerosis and other motor
neuron disorders 1, no. 5 (2000): 293-299.

3. Hardiman, Orla, Ammar Al-Chalabi, Adriano Chio, Emma M. Corr, Giancarlo Logroscino, Wim Robberecht,
Pamela J. Shaw, Zachary Simmons, and Leonard H. van den Berg. "Erratum: Amyotrophic lateral sclerosis
(Nature reviews. Disease primers (2017) 3 (17071))." Nature reviews. Disease primers 3 (2017).

4. Kiernan, Matthew C., Steve Vucic, Benjamin C. Cheah, Martin R. Turner, Andrew Eisen, Orla Hardiman, James
R. Burrell, and Margaret C. Zoing. "Amyotrophic lateral sclerosis." The lancet 377, no. 9769 (2011): 942-
955.

5. van Es, Michael A., Orla Hardiman, Adriano Chio, Ammar Al-Chalabi, R. Jeroen Pasterkamp, Jan H. Veldink, and
Leonard H. Van den Berg. "Amyotrophic lateral sclerosis." The Lancet390, no. 10107 (2017): 2084-2098.

6. Phukan, Julie, Marwa Elamin, Peter Bede, Norah Jordan, Laura Gallagher, Susan Byrne, Catherine Lynch, Niall
Pender, and Orla Hardiman. "The syndrome of cognitive impairment in amyotrophic lateral sclerosis: a
population-based study.” J Neurol Neurosurg Psychiatry 83, no. 1 (2012): 102-108.

7. Logroscino, G1, B. J. Traynor, O. Hardiman, P. Couratier, J. D. Mitchell, R. J. Swingler, and E. Beghi. "Descriptive
epidemiology of amyotrophic lateral sclerosis: new evidence and unsolved issues." Journal of Neurology,
Neurosurgery & Psychiatry 79, no. 1 (2008): 6-11.

8. Del Aguila, M. A., W. T. Longstreth, V. McGuire, T. D. Koepsell, and G. Van Belle. "Prognosis in amyotrophic
lateral sclerosis: a population-based study." Neurology 60, no. 5 (2003): 813-819.

9. Miller, Robert G., J. Douglas Mitchell, and Dan H. Moore. "Riluzole for amyotrophic lateral sclerosis (ALS)/motor
neuron disease (MND)." Cochrane database of systematic reviews 3 (2012).

10. Riviere, Marc, Vincent Meininger, Phillipe Zeisser, and Theodore Munsat. "An analysis of extended survival in
patients with amyotrophic lateral sclerosis treated with riluzole." Archives of neurology 55, no. 4 (1998):
526-528.

11. Bensimon, G., L. Lacomblez, V. ft Meininger, and ALS/Riluzole Study Group. "A controlled trial of riluzole in
amyotrophic lateral sclerosis.” New England Journal of Medicine 330, no. 9 (1994): 585-591.

1132



12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

Hobson, Esther V., and Christopher J. McDermott. "Supportive and symptomatic management of amyotrophic
lateral sclerosis.”" Nature Reviews Neurology 12, no. 9 (2016): 526.

Soriani, M-H., and C. Desnuelle. "Care management in amyotrophic lateral sclerosis." Revue neurologique 173,
no. 5 (2017): 288-299.

Vucic, Steve, Jeffrey D. Rothstein, and Matthew C. Kiernan. "Advances in treating amyotrophic lateral sclerosis:
insights from pathophysiological studies." Trends in neurosciences 37, no. 8 (2014): 433-442.

Van Deerlin, Vivianna M., James B. Leverenz, Lynn M. Bekris, Thomas D. Bird, Wuxing Yuan, Lauren B. EIman,
Dana Clay et al. "TARDBP mutations in amyotrophic lateral sclerosis with TDP-43 neuropathology: a
genetic and histopathological analysis." The Lancet Neurology 7, no. 5 (2008): 409-416.

Majounie, Elisa, Alan E. Renton, Kin Mok, Elise GP Dopper, Adrian Waite, Sara Rollinson, Adriano Chio et al.
"Frequency of the C9orf72 hexanucleotide repeat expansion in patients with amyotrophic lateral sclerosis
and frontotemporal dementia: a cross-sectional study." The Lancet Neurology 11, no. 4 (2012): 323-330.

Bowling, Allen C., Jorg B. Schulz, Robert H. Brown Jr, and M. Flint Beal. "Superoxide dismutase activity,
oxidative damage, and mitochondrial energy metabolism in familial and sporadic amyotrophic lateral
sclerosis." Journal of neurochemistry 61, no. 6 (1993): 2322-2325.

Neumann, Manuela, Deepak M. Sampathu, Linda K. Kwong, Adam C. Truax, Matthew C. Micsenyi, Thomas T.
Chou, Jennifer Bruce et al. "Ubiquitinated TDP-43 in frontotemporal lobar degeneration and amyotrophic
lateral sclerosis.” Science314, no. 5796 (2006): 130-133.

Colombrita, Claudia, Eleonora Zennaro, Claudia Fallini, Markus Weber, Andreas Sommacal, Emanuele Buratti,
Vincenzo Silani, and Antonia Ratti. "TDP-43 is recruited to stress granules in conditions of oxidative
insult." Journal of neurochemistry 111, no. 4 (2009): 1051-1061.

Ayala, Youhna M., Laura De Conti, S. Eréndira Avendafio-Vazquez, Ashish Dhir, Maurizio Romano, Andrea
D'ambrogio, James Tollervey et al. "TDP-43 regulates its mRNA levels through a negative feedback
loop." The EMBO journal 30, no. 2 (2011): 277-288.

Scotter, Emma L., Han-Jou Chen, and Christopher E. Shaw. "TDP-43 proteinopathy and ALS: insights into disease
mechanisms and therapeutic targets.” Neurotherapeutics 12, no. 2 (2015): 352-363.

Arai, Tetsuaki, Masato Hasegawa, Haruhiko Akiyama, Kenji Ikeda, Takashi Nonaka, Hiroshi Mori, David Mann
et al. "TDP-43 is a component of ubiquitin-positive tau-negative inclusions in frontotemporal lobar
degeneration and amyotrophic lateral sclerosis." Biochemical and biophysical research communications 351,
no. 3 (2006): 602-611.

Winton, Matthew J., Lionel M. lgaz, Margaret M. Wong, Linda K. Kwong, John Q. Trojanowski, and Virginia
M-Y. Lee. "Disturbance of nuclear and cytoplasmic TAR DNA-binding protein (TDP-43) induces disease-
like redistribution, sequestration, and aggregate formation." Journal of Biological Chemistry 283, no. 19
(2008): 13302-13309.

Barmada, Sami J., Gaia Skibinski, Erica Korb, Elizabeth J. Rao, Jane Y. Wu, and Steven Finkbeiner. "Cytoplasmic
mislocalization of TDP-43 is toxic to neurons and enhanced by a mutation associated with familial
amyotrophic lateral sclerosis." Journal of Neuroscience 30, no. 2 (2010): 639-649.

Diaper, Danielle C., Yoshitsugu Adachi, Ben Sutcliffe, Dickon M. Humphrey, Christopher JH Elliott, Alan Stepto,
Zoe N. Ludlow et al. "Loss and gain of Drosophila TDP-43 impair synaptic efficacy and motor control
leading to age-related neurodegeneration by loss-of-function phenotypes.” Human molecular genetics 22, no.
8 (2013): 1539-1557.

Alves-Rodrigues, Alexandra, Luisa Gregori, and Maria E. Figueiredo-Pereira. "Ubiquitin, cellular inclusions and
their role in neurodegeneration." Trends in neurosciences 21, no. 12 (1998): 516-520.

Brettschneider, Johannes, Kelly Del Tredici, Jon B. Toledo, John L. Robinson, David J. Irwin, Murray Grossman,
EunRan Suh et al. "Stages of pTDP-43 pathology in amyotrophic lateral sclerosis." Annals of neurology 74,
no. 1 (2013): 20-38.

Wils, Hans, Gernot Kleinberger, Jonathan Janssens, Sandra Pereson, Geert Joris, Ivy Cuijt, Veerle Smits, Chantal
Ceuterick-de Groote, Christine Van Broeckhoven, and Samir Kumar-Singh. "TDP-43 transgenic mice
develop spastic paralysis and neuronal inclusions characteristic of ALS and frontotemporal lobar
degeneration." Proceedings of the National Academy of Sciences 107, no. 8 (2010): 3858-3863.

Li, Yan, Payal Ray, Elizabeth J. Rao, Chen Shi, Weirui Guo, Xiaoping Chen, Elvin A. Woodruff, Kazuo Fushimi,
and Jane Y. Wu. "A Drosophila model for TDP-43 proteinopathy.” Proceedings of the National Academy of
Sciences 107, no. 7 (2010): 3169-3174.

Ash, Peter EA, Yong-Jie Zhang, Christine M. Roberts, Tassa Saldi, Harald Hutter, Emanuele Buratti, Leonard
Petrucelli, and Christopher D. Link. "Neurotoxic effects of TDP-43 overexpression in C. elegans." Human
molecular genetics 19, no. 16 (2010): 3206-3218.

1133



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44

Wu, Lien-Szu, Wei-Cheng Cheng, Shin-Chen Hou, Yu-Ting Yan, Si-Tse Jiang, and C-K. James Shen. "TDP-43,
a neuro-pathosignature factor, is essential for early mouse embryogenesis." genesis 48, no. 1 (2010): 56-62.

Sephton, Chantelle F., Shannon K. Good, Stan Atkin, Colleen M. Dewey, Paul Mayer, Joachim Herz, and Gang
Yu. "TDP-43 is a developmentally regulated protein essential for early embryonic development.” Journal of
Biological Chemistry 285, no. 9 (2010): 6826-6834.

Kraemer, Brian C., Theresa Schuck, Jeanna M. Wheeler, Linda C. Robinson, John Q. Trojanowski, Virginia MY
Lee, and Gerard D. Schellenberg. "Loss of murine TDP-43 disrupts motor function and plays an essential
role in embryogenesis." Acta neuropathologica 119, no. 4 (2010): 409-419.

Yang, Chunxing, Weijia Tan, Catheryne Whittle, Linghua Qiu, Lucheng Cao, Schahram Akbarian, and Zuoshang
Xu. "The C-terminal TDP-43 fragments have a high aggregation propensity and harm neurons by a dominant-
negative mechanism." PloS one 5, no. 12 (2010): e15878.

Lu, Jinsheng, Weisong Duan, Yansu Guo, Hong Jiang, Zhongyao Li, Jing Huang, Kun Hong, and Chunyan Li.
"Mitochondrial dysfunction in human TDP-43 transfected NSC34 cell lines and the protective effect of
dimethoxy curcumin.” Brain research bulletin 89, no. 5-6 (2012): 185-190.

Hong, Kun, Yi Li, Weisong Duan, Yansu Guo, Hong Jiang, Wenju Li, and Chunyan Li. "Full-length TDP-43 and
its C-terminal fragments activate mitophagy in NSC34 cell line." Neuroscience letters 530, no. 2 (2012):
144-149.

Cashman, Neil R., Heather D. Durham, Jan Krzysztof Blusztajn, Kenichiro Oda, Takeshi Tabira, Ivan T. Shaw,
Simone Dahrouge, and Jack P. Antel. "Neuroblastomax spinal cord (NSC) hybrid cell lines resemble
developing motor neurons.” Developmental dynamics 194, no. 3 (1992): 209-221.

Eggett, Christopher J., Stephen Crosier, Philip Manning, Mark R. Cookson, Fiona M. Menzies, Calum J. McNeil,
and Pamela J. Shaw. "Development and characterisation of a glutamate-sensitive motor neurone cell
line." Journal of neurochemistry74, no. 5 (2000): 1895-1902.

Maier, Oliver, Julia Bohm, Michael Dahm, Stefan Briick, Cordian Beyer, and Sonja Johann. "Differentiated NSC-
34 motoneuron-like cells as experimental model for cholinergic neurodegeneration.” Neurochemistry
international 62, no. 8 (2013): 1029-1038.

Matusica, Dusan, Matthew P. Fenech, Mary-Louise Rogers, and Robert A. Rush. "Characterization and use of the
NSC-34 cell line for study of neurotrophin receptor trafficking.” Journal of neuroscience research 86, no. 3
(2008): 553-565.

Buratti, Emanuele, Antonia Brindisi, Maurizio Giombi, Sergio Tisminetzky, Youhna M. Ayala, and Francisco E.
Baralle. "TDP-43 binds heterogeneous nuclear ribonucleoprotein a/b through its c-terminal tail an important
region for the inhibition of cystic fibrosis transmembrane conductance regulator exon 9 splicing." Journal of
Biological Chemistry 280, no. 45 (2005): 37572-37584.

Jokic, Natasa, Jose-Luis Gonzalez de Aguilar, Leda Dimou, Shuo Lin, Anissa Fergani, Markus A. Ruegg, Martin
E. Schwab, Luc Dupuis, and Jean-Philippe Loeffler. "The neurite outgrowth inhibitor Nogo-A promotes
denervation in an amyotrophic lateral sclerosis model." EMBO reports 7, no. 11 (2006): 1162-1167.

Palu, Giorgio, Juan Von Berger, Giovanni A. Meloni, and Lanfranco Masotti. "Nature of toxicity for chick embryo
fibroblast cells of coumermycin Al and its physico-chemical interactions with protein and nucleic
acid.” Biochemical pharmacology 33, no. 1 (1984): 147-154.

. Quinn, Brian, Francois Gagné, and Christian Blaise. "An investigation into the acute and chronic toxicity of eleven

pharmaceuticals (and their solvents) found in wastewater effluent on the cnidarian, Hydra attenuata.” Science

of the total environment 389, no. 2-3 (2008): 306-314.

1134



