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ABSTRACT 
 

TDP-43, a multifunctional RNA-binding protein encoded by the TARDBP gene, plays critical roles in RNA metabolism, including splicing, transport, and stability. 
Dysregulation of TDP-43 is implicated in a range of neurodegenerative diseases, most notably Amyotrophic Lateral Sclerosis (ALS) and Frontotemporal Lobar 
Degeneration (FTLD). Recent evidence also identifies TDP-43 as a significant contributor to oncogenesis, with aberrant expression linked to various cancers, 
including breast, lung, and colorectal cancer. This review explores the dual role of TDP-43 in neurodegeneration and cancer, highlighting its structural domains, 
pathological aggregation mechanisms, and regulatory functions in cellular processes. We provide a detailed analysis of TDP-43’s involvement in 
neurodegenerative disorders through mechanisms such as mis localization, gain- and loss-of-function mutations, and interactions with stress granules, as well 
as its contribution to cancer progression via regulation of oncogenes and tumor suppressors. Furthermore, we discuss therapeutic strategies targeting TDP-43 in 
both disease contexts, including RNA-based therapies, molecular chaperones, and modulation of autophagy and cell signalling pathways. By integrating current 
research on TDP-43’s molecular interactions and pathogenic roles, this review underscores the need for further investigation into its dual functions and 
therapeutic potential in treating both neurodegenerative diseases and cancer. 
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INTRODUCTION 
 

TAR DNA-binding protein 43 (TDP-43) is a nuclear protein encoded 
by the TARDBP gene, primarily known for its role in RNA processing, 
including splicing, transport, and stability. Initially identified in the 
context of neurodegenerative diseases such as Amyotrophic Lateral 
Sclerosis (ALS) and Frontotemporal Lobar Degeneration (FTLD), 
TDP-43 has gained attention for its role in pathological protein 
aggregation (Prasad et al., 2019). Mis localization and aggregation of 
TDP-43 in the cytoplasm have been hallmarks of neurodegenerative 
conditions, implicating it as a key player in disease pathogenesis 
(Arnold et al., 2013). 
 
However, research into TDP-43's involvement in cancer remains 
relatively underexplored. Recent studies suggest that TDP-43 may 
contribute to tumorigenesis by regulating oncogenes and tumor 
suppressors, highlighting its dual role in neurodegeneration and 
cancer (H.-R. Li et al., 2018). Despite these findings, significant 
research gaps exist. There is limited understanding of the exact 
molecular mechanisms through which TDP-43 transitions between its 
physiological roles and pathological states (Scotter et al., 2015). 
Additionally, there is a need for innovative therapeutic approaches 
targeting TDP-43's involvement in both neurodegeneration and 
cancer, as current therapies fail to address its dual functionality 
(Francois-Moutal et al., 2021). 
 
This review addresses these gaps by analysing TDP-43’s structural 
domains, its interactions in pathological states, and its potential as a 
therapeutic target. We aim to shed light on how studying TDP-43 can 
lead to novel therapeutic innovations, particularly in developing RNA-
based therapies and targeting aggregation pathways in ALS and 
cancer. 

 
*Corresponding Author: VirupakshaBastikar,   
Centre for Computational Biology and Translational Research, Amity Institute of 
Biotechnology, Amity University Mumbai, India. 

Structural pathology 
 
Understanding the structure of this protein is important for exploring 
the mechanisms and the role it plays in the body. TDP-43 is a 414 
amino acids long sequence, that has been divided into four regions 
namely, N-terminal (82-98 aa) with a nuclear localization signal (NLS, 
aa 82–98), RNA Recognition motifs 1(104-176 aa) and 2 (192-262 
aa), a nuclear export signal (NES, aa 239–250), C-terminal (274-414 
aa) which encompasses a prion-like glutamine/asparagine-rich (Q/N) 
domain (aa 345–366) and a glycine-rich region (aa 366–414) (Cohen 
et al., 2011; Jiang et al., 2017; Kuo et al., 2009; Lukavsky et al., 2013; 
Qin et al., 2014; Shenoy rgefc 2023). The protein is predominantly 
present in the nucleus but due to its structure it can shuttle between 
nucleus and cytoplasm for its functions such as RNA metabolism. 
Mitochondrial localization of TDP-43 depends on internal motifs M1 
(aa 35–41), M3 (aa 146–150), and M5 (aa 294–300), which consists 
of continuous stretch of hydrophobic amino acids (Reddi, 2017). 
 
TDP-43, a key protein involved in various cellular processes, primarily 
exists as a dimer. This dimerization, primarily mediated by 
interactions within the protein’s N-terminal domain, is crucial for its 
normal function and may help prevent harmful aggregation(Ling et al., 
2013). However, the N-terminal domain also has a propensity to 
aggregate, especially under certain conditions. The balance between 
dimerization and aggregation can be influenced by factors such as 
the protein’s oligomerization state and interactions with other 
molecules. Mutations in the N-terminal domain, particularly in the 
nuclear localization signal, can disrupt this balance and lead to the 
formation of cytoplasmic aggregates, which are associated with 
neurodegenerative diseases like ALS (Arnold et al., 2013). 
 
TDP-43, a multifunctional RNA binding protein, contains two highly 
conserved RNA recognition motifs (RRMs) that are essential for its 
interactions with nucleic acids(Romano & Buratti, 2013). These RRM 
domains, characterized by their β1-α1-β2-β3-α2-β4-β5 structural 
arrangement, exhibit a high affinity for UG/TG-rich sequences within 
RNA and DNA molecules(Sun & Chakrabartty, 2017). Mutations 



within the RRM domains, including the ALS-associated P112H and 
D169G variants, have been shown to disrupt RNA binding and 
increase the protein’s aggregation propensity (Chiang et al., 2016). 
Furthermore, TDP-43’s ability to bind to its own mRNA, a process 
known as autoregulation, plays a crucial role in controlling its cellular 
concentration and potentially its aggregation state. Notably, 
interactions with single-stranded nucleic acids, such as DNA or RNA, 
have been found to enhance TDP-43’s solubility, suggesting a 
potential protective mechanism against aggregation (Ayala et al., 
2011). 
 

The highly disordered C-terminal region of TDP-43 shares similarities 
with prion-like domains found in yeast proteins, such as Sup35 and 
Rnq1 (B. K. Patel et al., 2009). This region is enriched in glycine and 
glutamine/asparagine residues, which contribute to its aggregation-
prone nature. Notably, the C-terminal region harbours most ALS-
associated mutations and phosphorylation sites, suggesting its critical 
role in disease pathogenesis. Furthermore, C-terminal fragments of 
TDP-43, generated through aberrant caspase activity, are highly 
cytotoxic and form inclusion bodies in ALS-affected brains (Zhang et 
al., 2007). The C-terminal region also contains a helix-turn-helix motif 
that can form amyloid-like fibrils with prion-like seeding properties. 
Additionally, the C-terminal region can undergo liquid-liquid phase 
separation (LLPS), forming dynamic protein droplets. However, under 
pathological conditions, these droplets may undergo liquid-to-solid 
phase separation, leading to the formation of irreversible aggregates 
(Conicella et al., 2016; A. Patel et al., 2015). 
 

 
 

Figure 1: It has a modular structure with regions responsible for 
nuclear localization, RNA binding, and protein-protein interactions. 

Mutations in the C-terminal region is often associated with 
neurodegenerative diseases. TDP-43 plays a crucial role in various 
cellular processes, including transcription, splicing, mRNA stability, 

transport, and stress granule formation, both in the nucleus and 
cytoplasm (de Boer et al., 2020). 

 

TDP-43 IN NEURODEGENERATION 
 

Role of TDP-43 
 

Table 1: Role of TDP-43 in RNA metabolism 
 

Function Description Reference 

Transcription 
and Splicing 

Regulates splicing patterns of 
transcripts for various genes. 
Nuclear depletion of TDP-43 leads 
to splicing aberrations. 

(Bright et al., 2021; 
Buratti & Baralle, 
2001, p. 9; 
Heyburn & 

Moussa, 2017; 
Janssens et al., 
2013) 

mRNA 
Maturation 
and Stability 

Binds to mRNA transcripts, 
regulating their stability. Can 
positively or negatively affect mRNA 
half-life. 

(Ayala et al., 2011; 
Buratti, 2021) 

mRNA 
Transport 

Forms ribonucleoprotein (RNP) 
granules with RNA molecules for 
transport to distant locations. ALS-
associated mutations can impair 
RNP transport. 

(Alami et al., 2014; 
M. Strong et al., 
2020) 

mRNA 
Translation 

May regulate localization and 
translation of specific mRNAs. 
Interacts with proteins involved in 
translation machinery. 

(Aulas & Vande 
Velde, 2015; 
Coyne et al., 2015; 
Prasad et al., 
2019) 

Stress 
Granule 
Formation 

Assembles into stress granules, 
structures that store RNA during 
cellular stress. Regulates 
expression of key stress granule 
proteins. ALS-linked mutations can 
influence stress granule dynamics. 

(Aulas & Vande 
Velde, 2015; 
Colombrita et al., 
2009; Dewey et al., 
2011; McDonald et 
al., 2011) 

miRNA 
Processing 

Promotes biogenesis and 
processing of microRNAs (miRNAs) 
by interacting with Drosha and Dicer 
complexes.lncRNA Processing 

(Kawahara & 
Mieda-Sato, 2012; 
Ling et al., 2013) 

lncRNA 
Processing 

Binds to long non-coding RNAs 
(lncRNAs), suggesting a potential 
role in their regulation. 
 

(Tollervey et al., 
2011) 

 
Pathological significance of TDP-43 in Neurodegeneration  
 
Table 2: Pathological significance and characteristics of TDP-43 

 

Feature Pathological 
Significance 

Therapeutic 
Implications 

References 

Cytoplasmic 
Mislocalization 

Associated 
with ALS and 
FTD, caused 
by mutations, 
stress, or 
impaired 
degradation 

Develop 
strategies to 
prevent 
mislocalization or 
target factors 
involved. 

(Buratti, 2021; 
Liu-Yesucevitz 
et al., 2014; 
McDonald et al., 
2011; Neumann 
et al., 2006; 
Polymenidou et 
al., 2011; van 
Eersel et al., 
2011) 

Fragmentation Generates 
aggregation-
prone CTFs 

Targeting 
fragmentation 
may not be 
beneficial. 

(Hasegawa et 
al., 2008; Xiao 
et al., 2011; 
Zhang et al., 
2007) 

Misfolding and 
Aggregation 

Linked to 
disease 
progression, 
but role of 
aggregates is 
controversial 

Prevent 
misfolding, target 
early aggregation 
stages, and 
consider 
chaperones or 
protein 
degradation 
pathways. 

(Fuentealba et 
al., 2010; Igaz 
et al., 2008; 
Johnson et al., 
2008; M. J. 
Strong et al., 
2007; van 
Eersel et al., 
2011; W. Wang 
et al., 2016; X. 
Wang et al., 
2008; Zhang et 
al., 2009) 

Post-
Translational 
Modifications 
(Phosphorylation 
and 

Linked to 
disease 
progression, 
but role of 
aggregates is 

Target specific 
modifications or 
pathways 
involved in 
phosphorylation 

(Hasegawa et 
al., 2008; 
Scotter et al., 
2015; 
Sreedharan et 
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Ubiquitination) controversial or ubiquitination. al., 2008; X. 
Wang et al., 
2008) 
 

 
TDP-43 proteinopathy has several pathogenic characteristics, each 
with possible treatment implications. While more study is needed to 
completely understand the mechanisms driving these characteristics, 
targeting early misfolding events, chaperones, protein degradation 
pathways, and specific post-translational alterations may open new 
paths for creating effective therapeutics for ALS and FTD (Lehmkuhl 
et al., 2021). 
 
Molecular mechanisms of TDP-43 underlying mediated-toxicity 
 
Loss-of-Function vs. Gain-of-Function: The pathological mechanisms 
of TDP-43 remain under debate. Traditionally, the loss of nuclear 
TDP-43 function due to cytoplasmic mis localization has been a 
central hypothesis (Polymenidou et al., 2011). Studies have shown 
that TDP-43 deficiency can lead to aberrant splicing and reduced 
protein production. However, recent findings suggest a more complex 
scenario. ALS-associated mutations in TDP-43 can alter its splicing 
activity, leading to both loss and gain of function. Mutant TDP-43 may 
also disrupt the splicing of specific mRNAs critical for neuronal 
function (de Boer et al., 2020). 
 
Cytoplasmic TDP-43 and its Pathological Effects: 
 
TDP-43, a protein linked to neurodegenerative disorders, has multiple 
activities within cells. It interacts with stress granules, which are 
cytoplasmic organelles generated during stressful conditions 
(Fernandes et al., 2020). This interaction could alter the dynamics of 
stress granules as well as other RNA granule pathways including 
processing bodies and RNA transport granules. These granules are 
involved in several aspects of RNA metabolism, such as mRNA 
translation, stability, and destruction.TDP-43 can also be detected in 
dendrites, where it may control local translation (Dewey et al., 2012). 
This shows that TDP-43 is involved in the transport of mRNAs to 
certain cellular compartments for protein production. Localized protein 
synthesis is critical for neuronal function and survival. Furthermore, 
TDP-43 has been found within mitochondria, where it can disrupt 
mitochondrial activity. This can cause decreased ATP synthesis, 
increased oxidative stress, and, eventually, neuronal cell death. TDP-
43 can bind to a variety of mitochondrial proteins, including those 
involved in mitochondrial dynamics, respiratory chain complexes, and 
calcium signalling (Mackenzie et al., 2010). 
 
TDP-43 can also be released by exosomes, which are extracellular 
vesicles that promote molecular transfer between cells. This shows 
that TDP-43 could move from cell to cell, perhaps contributing to the 
advancement of neurodegenerative disorders. TDP-43 aggregates in 
exosomes may be transferred to distant parts of the brain or perhaps 
other organs, spreading TDP-43's detrimental consequences (Cohen 
et al., 2011). Finally, TDP-43's varied actions inside cells emphasize 
its relevance in cellular health. Dysregulation of these processes, 
which include interactions with stress granules, localized translation, 
mitochondrial function, and exosome-mediated dissemination, may 
contribute to the onset of neurodegenerative disorders. 
Understanding these pathways is critical to establishing effective 
therapy solutions (Sackmann et al., 2020). 
  

 
 

Figure 2: (H.-J. Chen & Mitchell, 2021) 
 

HOW A NEURO-PROTEIN IS EMERGING IN CANCER 
 
TDP-43, primarily studied in the context of neurodegenerative 
diseases, has recently emerged as a significant player in cancer 
development and progression. The multifaceted roles of TDP-43 in 
neurobiology, including its functions in RNA metabolism, stress 
granule formation, and mitochondrial dynamics, may also be relevant 
to its involvement in cancer. For instance, TDP-43's ability to regulate 
gene expression through RNA splicing and microRNA processing 
could influence the expression of oncogenes and tumour 
suppressors. Additionally, its role in stress granule formation and 
mitochondrial function may impact cellular survival and proliferation, 
processes that are critical for cancer development. Understanding the 
connections between TDP-43's neurobiological functions and its role 
in cancer could provide valuable insights into the molecular 
mechanisms underlying tumorigenesis and potentially identify novel 
therapeutic targets. 
 

TDP-43 IN CANCER: A MULTIFACETED ROLE 
 
Studies have made a strong connection between common 
polymorphism that showed TDP:43’s role in cancer. In the past five 
year, more research has explained an understanding between how a 
neuro protein is also involved in different types of cancer such as 
breast cancer, lung cancer, hepatocellular carcinoma and more 
(Mackenzie et al., 2010). Emerging evidence suggests that TDP-43 
plays a pivotal role in regulating various aspects of tumorigenesis, 
including cell proliferation, invasion, and metastasis (Kumar & Rai, 
2020). 
 
TDP-43’s RNA Metabolism Functions and Cancer 
 
Since TDP-43 has been identified in cancer, several mechanisms 
have been identified through which TDP-43 can promote 
tumorigenesis. TDP-43 can directly bind to and stabilize oncogenes, 
such as c-Myc. This interaction prevents the degradation of 
oncogenes, leading to their over expression and uncontrolled cell 
growth. In breast cancer, TDP-43 over expression has been shown to 
activate c-Myc, promoting tumor cell proliferation and invasion (Chen 
& Mitchell, 2021). Regulating the expression of tumor suppressors, 
such as p53, through various mechanisms, including alternative 
splicing and microRNA processing.TDP-43 can also directly bind to 
and inhibit the function of tumor suppressors, preventing their ability 
to suppress cell growth and tumorigenesis. In lung cancer, TDP-43 
has been shown to down regulate p53 expression, leading to 
increased cell proliferation and invasion(H.-J. Chen & Mitchell, 2021). 
TDP-43 can promote the expression of cyclin D1 and CDK4/6, key 
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proteins involved in cell cycle progression. Overexpression of cyclin 
D1 and CDK4/6 can drive cells through the cell cycle, leading to 
uncontrolled proliferation (W. Wang et al., 2016). TDP-43 can induce 
EMT, a process that allows epithelial cells to acquire mesenchymal 
characteristics, such as increased motility and invasion (Guo et al., 
2020). 
 

Table 3: Types of Cancer Associated with TDP-43 Protein 
Dysregulation 

 

Cancer 
Type 

Evidence of 
TDP-43 
Dysregulation 

Specific 
Mechanisms 

Methodology  Referen
ce 

Breast 
Cancer 

Elevated 
TDP-43 levels 
have been 
associated 
with poor 
prognosis in 
triple-negative 
breast cancer 
(TNBC). TDP-
43 
overexpressio
n promotes 
tumorigenesis 
and 
metastasis by 
regulating 
multiple 
pathways, 
including the 
PI3K/AKT/mT
OR pathway 
and the 
Wnt/β-catenin 
pathway. 

Overexpress
ion of TDP-
43 activates 
oncogenes 
(e.g., c-Myc), 
inactivates 
tumor 
suppressors 
(e.g., p53), 
and 
regulates 
cell cycle 
progression. 

Immunohistochemi
stry, Western 
blotting, qPCR, cell 
proliferation 
assays, migration 
assays 

(Guo et 
al., 
2020) 
 
 

Lung 
Cancer 

Dysregulated 
TDP-43 
expression 
has been 
linked to 
tumor stage 
and prognosis 
in lung 
cancer. TDP-
43 can 
promote 
tumor growth 
and invasion 
by regulating 
various 
signalling 
pathways and 
microRNAs. 

TDP-43 can 
promote 
tumor growth 
and invasion 
by regulating 
various 
signalling 
pathways 
and 
microRNAs. 

Immunohistochemi
stry, Western 
blotting, qPCR, 
RNA sequencing, 
survival analysis 

(H.-J. 
Chen & 
Mitchell, 
2021) 

Colorect
al 
Cancer 

Altered TDP-
43 expression 
has been 
associated 
with tumor 
progression 
and 
metastasis in 
colorectal 
cancer. TDP-
43 can 
regulate the 
expression of 
oncogenes 
and tumor 
suppressors, 

TDP-43 can 
regulate the 
expression 
of 
oncogenes 
and tumor 
suppressors, 
affecting cell 
proliferation 
and 
invasion. 

Immunohistochemi
stry, Western 
blotting, qPCR, 
RNA sequencing, 
in vivo xenograft 
models 

 
(W. 
Wang et 
al., 
2016) 

affecting cell 
proliferation. 
 

 
Mechanism of tumorigenesis  
 

Tumorigenesis is defined as the process by which normal cells are 
transformed into cancerous cells, it is a complex multi-step process 
that involves series of genetic and epigenetic changes. The exact 
mechanism depends on the type of cancer by the key pathways and 
process are common such as genetic altercations, tumour 
suppression gene inactivation, epigenetic changes, cell signalling 
pathways, angiogenesis and metastasis (Hanahan & Weinberg, 
2011). Understanding these mechanisms is important in terms of 
targeting TDP-43 as a potential target of cancer.  
 

Table 4: Mechanism of tumorigenesis  
 

Mechanism Description Example Reference 

Genetic 
Alterations 

Mutations in 
oncogenes or 
tumor suppressor 
genes 

KRAS mutations in 
lung cancer, TP53 
mutations in various 
cancers 

(Bos, 
1989) 

Epigenetic 
Changes 

Abnormal DNA 
methylation or 
histone 
modifications 

Hypermethylation of 
p16INK4A promoter, 
histone deacetylase 
inhibitor therapy 

(Virani et 
al., 2012) 

Cell Signaling 
Pathways 

Deregulation of 
signalling 
pathways, such as 
RAS-RAF-MEK-
ERK and PI3K-
AKT-mTOR 

EGFR mutations in 
lung cancer, PI3K-
AKT pathway 
activation 

(Jo et al., 
2014) 

Angiogenesis Stimulation of new 
blood vessel 
growth 

VEGF signalling (Folkman, 
1971) 

Metastasis Invasion and 
spread of cancer 
cells to distant 
organs 
 

EMT, cell motility (Thiery et 
al., 2009) 

 

Interconnected Pathologies: A Comparative Analysis of 
Neurodegeneration and Cancer 
 
Interaction of Neuro protein with Cancer protein 
 
TDP-43, a multifunctional RNA-binding protein, has emerged as a 
complex player in cancer development. While research suggests 
context-dependent effects, its role in promoting tumorigenesis seems 
more prevalent 
 

Table 5: Interaction of TDP-43 with various cancer-causing 
proteins  

 

Proteins  TDP-43 
Interaction 

Effect on Cancer Cells References 

Oncogene Activation 

c-Myc Directly binds 
and stabilizes 

Increased proliferation, 
inhibited apoptosis, EMT 
induction 

(Zhang et al., 
2009) 

EGFR Regulates 
expression and 
activation 

Overactivation leads to 
uncontrolled growth and 
invasion 

(H.-R. Li et 
al., 2018) 

Ras Indirect 
regulation via 
cell signalling 
pathways 
 

Activation promotes 
proliferation and survival 

(W. Wang et 
al., 2016) 
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Tumour Suppressor Inactivation 

p53 Directly binds 
and regulates 
expression 

Inactivation leads to 
uncontrolled proliferation, 
genomic instability, and 
apoptosis resistance 

(Levine, 
1997) 

PTEN Indirect 
regulation 

Loss of function activates 
PI3K-AKT pathway, 
promoting proliferation and 
survival 

(G. Li et al., 
2018) 

RB May regulate 
expression or 
function 

Inactivation leads to 
uncontrolled proliferation 
and tumorigenesis 
 

(L. Chen et 
al., 2015) 

Cell Cycle Regulation 

Cyclin 
D1 

Promotes 
expression 

Increased cell cycle 
progression 

(Liu et al., 
2014) 

CDK4/6 Promotes 
expression 

Increased cell cycle 
progression 
 

(P. Chen et 
al., 2016) 

Epithelial-Mesenchymal Transition (EMT) 

Snail Promotes 
expression 

Induces EMT (Liu et al., 
2014) 

Twist Promotes 
expression 

Induces EMT (P. Chen et 
al., 2016) 
 

 

THERAPEUTIC ADVANCEMENTS  
 
TDP-43 and neurodegeneration 
 
TDP-43 is a protein known for its protein aggregation, (Arrasate et al., 
2004) in its study suggested Chaperone Therapy which aims to 
reduce the aggregation by enhancing protein folding and degradation. 
The method used in this paper was by using the molecular chaperons 
to assist in proper protein folding and help in the degradation of 
misfolded proteins. Since the protein is an RNA based, RNA-based 
therapies were developed by (Guo et al., 2020), that reduced TDP-43 
expression or improve its functioning by using antisense 
oligonucleotides to target TDP-43 mRNA thus reducing the levels. By 
understanding the underlying mechanisms involved in TDP-43 related 
disorders, targeting those specific pathways or the proteins that were 
up or down regulated in TDP-43 associated diseases by Chen et al., 
2016 showed about Targeted Therapies. Studies have shown that 
TDP-43 promotes autophagy in motor neurons through the 
AMPK/mTOR pathway. Hence Targeting autophagy pathways could 
be a potential therapeutic strategy(W. Wang et al., 2016). 
 
TDP-43 and cancer 
 
TDP-43 promotes tumorigenesis and metastasis of breast cancer by 
regulating glycolysis. Wang et al., 2019. While specific therapies 
targeting TDP-43 with respect to cancer are still under development, 
there are several approaches that have been understood. Modulating 
TDP-43 expression through approaches like RNA interference (Guo 
et al., 2020) or antisense oligonucleotides can be effective. Targeting 
downstream pathways, such as the PI3K/AKT/mTOR pathway       
(W. Wang et al., 2016), can inhibit cancer cell growth. Immunotherapy 
techniques, including checkpoint inhibitors and adoptive cell therapy, 
offer potential benefits. Combination therapies, as explored by (Zhang 
et al., 2007), may enhance treatment outcomes. While significant 
progress has been made, further research is essential to fully 
understand the complex role of TDP-43 in cancer and develop 
effective therapeutic interventions. 
 
 
 
 

Table 6: Therapeutic Advancements  
 

Therapeutic 
Approach 

Potential 
Benefits 

Limitations References 

Chaperone 
Therapy 

Reduces TDP-43 
aggregation, 
prevents toxic 
effects 

May not be 
sufficient for 
complete 
aggregation 
prevention 

(Arrasate et 
al., 2004) 

RNA-Based 
Therapies 

Reduces TDP-43 
expression, 
mitigates toxic 
effects 

Delivery 
challenges, off-
target effects 

(Guo et al., 
2020) 

Targeted 
Therapies 

Addresses 
specific pathways 
involved in TDP-
43-related 
diseases 

Identifying targets 
can be complex, 
limited efficacy 

(P. Chen et 
al., 2016) 

Autophagy 
Targeting 

Promotes 
aggregate 
clearance, 
reduces toxicity 

Unintended 
consequences on 
other cellular 
processes 

(W. Wang et 
al., 2016) 

TDP-43 
Expression 
Modulation 

Reduces TDP-43 
expression, 
mitigates toxic 
effects 

Off-target effects, 
incomplete 
suppression 

(Guo et al., 
2020) 

Downstream 
Pathway 
Targeting 

Inhibits cancer 
cell growth, 
improves disease 
outcomes 

May not directly 
address underlying 
cause of TDP-43 
aggregation 

(W. Wang et 
al., 2016) 

Immunotherapy Stimulates 
immune system 
to target cancer 
cells, improves 
outcomes 

Not effective in all 
patients, immune-
related adverse 
events 

(Folkman, 
1971) 

Combination 
Therapies 

Enhances 
treatment 
outcomes, 
addresses 
multiple aspects 

Increased 
complexity, 
potential for 
adverse 
interactions 

(Zhang et 
al., 2009) 

 

FUTURE DIRECTIONS 
 

To advance our understanding of TDP-43's role in cancer and 
develop effective treatments, future research should focus on 
identifying specific TDP-43 mutations, investigating its involvement in 
a wider variety of cancer types, and exploring innovative therapeutic 
approaches such as drug development or gene editing. By 
addressing these areas, researchers can gain valuable insights into 
the molecular mechanisms underlying TDP-43-mediated 
tumorigenesis and design more targeted and effective interventions. 
How can molecular modelling and dynamic studies of full-length 
protein might help in understanding the pharmacodynamic and 
pharmacokinetic nature of the protein structure. 
 

CONCLUSION  
 
TDP-43, encoded by the TARDBP gene, plays crucial roles in both 
neurodegenerative diseases and cancer. Dysregulation of TDP-43 
leads to protein misfolding, aggregation, and cellular dysfunction, 
which are implicated in the pathology of diseases like ALS and FTLD, 
as well as various cancers. While considerable progress has been 
made in understanding TDP-43’s molecular mechanisms, therapeutic 
interventions remain limited. 
 

Future research should prioritize the development of targeted 
therapies that modulate TDP-43 aggregation and restore its normal 
function. Key research questions include: What specific mutations or 
post-translational modifications lead to TDP-43 aggregation, and can 
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these processes be reversed? How does TDP-43 interact with other 
proteins or RNA molecules in neurodegenerative diseases versus 
cancer, and what therapeutic windows exist for these interactions? 
Can TDP-43's involvement in RNA metabolism be selectively 
modulated without affecting its broader cellular roles? What role does 
autophagy play in clearing TDP-43 aggregates, and how can 
autophagy pathways be harnessed for treatment? Addressing these 
questions through experimental studies, such as high-resolution 
structural analysis and advanced RNA-based therapies, will be 
essential in developing novel, effective treatments for TDP-43-related 
diseases. 
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