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Indication:

Neuroinflammation, an inflammatory response within the central nervous system (CNS), is triggered by various
stimuli. While initial inflammation post-CNS injury aids in recovery, chronic neuroinflammation, particularly
mediated by microglia, can damage healthy neural tissue and contribute to neurodegenerative diseases (1).
With increasing life expectancy, there is a concurrent rise in the prevalence of neuroinflammation-related
diseases. Ferroptosis, an iron-dependent cell death process, is associated with neuroinflammation (2).
Targeting microglial iron accumulation and the resulting ferroptosis presents a promising avenue for preventing
and treating neurodegenerative diseases (3).

Background:

Microglia are the primary immune cells in the CNS and serve as the first line of defense in the CNS innate
immune system. They play critical roles in neurogenesis, synaptic density, and plasticity, along with
phagocytosing pathological aggregates and dead cells in damaged CNS (4). Microglia dynamically polarizes
between pro-inflammatory, M1 and anti-inflammatory, M2 phenotypes to maintain CNS homeostasis (5).
Prolonged activation of microglia, commonly observed in neurodegenerative diseases such as Alzheimer's and
Parkinson's, can lead to chronic neuroinflammation. This persistent inflammation contributes to the progression
of these diseases by causing tissue and cellular damage (1). Identifying and targeting specific pathways and
molecules involved in microglial activation and the resultant neuroinflammation holds potential for developing
therapeutic strategies to treat neurodegenerative diseases.

Ferroptosis, a newly identified form of cell death, is characterized by iron accumulation and lipid peroxidation
within cells. It is distinct from necroptosis, apoptosis, and autophagy; as it is characterized by normal-sized

nuclei, non-agglutinated chromatin, and significantly altered mitochondria (6). Microglial ferroptosis includes



two key components: iron accumulation and phospholipid peroxidation (7). Excess cytoplasmic iron forms a
pool of highly reactive ferrous ion (Fe®"), catalyzing the formation reactive oxygen species (ROS) through
Fenton reaction. The ROS, then initiate lipid peroxidation, leading to the formation of lipid hydroperoxides
(PLOOHS) that disrupt cellular membrane integrity leading to cell death. This cell death triggers an
inflammatory response, with microglia releasing pro-inflammatory cytokines like IL-13, TNF-a, and IL-6, further
exacerbating neuroinflammation (8). Thus, inhibiting microglial ferroptosis serves as an attractive and
alternative target for treating neuroinflammation.

Neuroinflammation has been shown to be restricted by inhibiting either iron accumulation or phospholipid
peroxidation during microglia ferroptosis. Extracellular free Fe?* is transported into the cell by Divalent metal
transporter 1(DMT1). Treatments like 6-hydroxydopamine, lipopolysaccharide, or B-amyloid induce DMT1
expression, leading to iron overload in microglia (9-11). This iron accumulation is exacerbated by inflammatory
stimuli such as TNF-a and IL-6, which further promote DMT1 expression (12). This results in increased ROS,
TNF-a, and inducible nitric oxide synthase, advancing neuroinflammation (13). Inhibition or knockdown of
DMT1, along with iron chelation, significantly reduces pro-inflammatory cytokines, highlighting DMT1 as a
potential therapeutic target to mitigate neuroinflammation and ferroptosis in neurodegenerative diseases (14) .
Phospholipid peroxidation, catalyzed by acyl-CoA synthetase long-chain family member 4 (ACSL4) and
lipoxygenases, leads to the formation of PLOOHs (15, 16). The continuous accumulation of PLOOHs
irreversibly damages the cell membrane, ultimately leading to cell death by compromising membrane integrity
(15). Inhibiting phospholipid peroxidation during microglia ferroptosis prevent neuroinflammation. Knockdown
of the ACSL4 gene in microglia decreases their sensitivity to ferroptosis and reduces the production of
proinflammatory cytokines (17). Recently, caffeic acid has been reported to reduce neuroinflammation and
resist ferroptosis in cerebral ischemia by downregulating ACSL4, as investigated using a primary microglia-
neuron coculture system (18). This suggests that targeting ACSL4 could be an effective therapeutic strategy
for mitigating ferroptosis in microglia and protecting against neurodegenerative diseases. Ferroptosis inhibitors
such as Liproxstatin-1, Ferrostatin-1, and Deferoxamine offer potential treatments but, challenges like poor
selectivity, limited bioavailability, and associated toxicities limit clinical use, necessitating advances in alternate

therapeutics with high selectivity to enhance therapeutic outcomes (19-22).



Working Hypothesis:
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We propose to develop Single-Stranded Deoxyribonucleic Acid (ssDNA) aptamers targeting DMT1 and ACSL4

as novel inhibitors of ferroptosis and neuroinflammation. These aptamers will also be arranged on DNA

nanostructures for dual targeted inhibition. Aptamers, the single-stranded DNA or RNA oligonuclectides, have

garnered attention as promising therapeutics due to several advantages, including cost-effectiveness and high

specificity. DNA aptamers are highly stable and least immune-reactive with negligible off-target effects. These
are highly specific for the target proteins. They can effectively mask active and allosteric sites and perturb the

activity of target proteins (23). The key strength of aptamers lies in the availability of a reliable and efficient

development method known as Systematic Evolution of Ligands by Exponential Enrichment (SELEX), also
known as in vitro selection, in which target molecules are incubated with a highly diverse library of ssDNA or
RNA molecules with each oligonucleotide folded into a unique three-dimensional structure (23). This vast
repertoire of single-stranded oligonucleotides enables the development of aptamers with exceptional affinity,

avidity, and specificity for their target molecules. We plan to develop DNA aptamers that specifically bind to the
3




transmembrane Domain _1/6/10 of DMT1 (AlphaFold: P49281). DMT1 has 12 predicted transmembrane

domains. The critical regions involved in the formation of the ion transport pathway are transmembrane domain
1, transmembrane domain 6, and transmembrane domain 10. These domains are highly conserved and form
the central part of the ion transport pore (24). Targeting these domains may inhibit Fe?* influx and iron overload
in activated microglia.

We also plan to develop specific aptamers that binds to the C-terminal structural domain of ACSL4 (AlphaFold:

060488). This domain of ACSL4 is crucial for catalyzing the acylation reaction, forming the catalytic active
center of the enzyme (25). Thus, targeting the C-terminal domain may reduce the formation of phospholipid
peroxides in activated microglia.

Real-World Impact: The study has the potential to develop a novel approach for treating and diagnosing

neurodegenerative diseases, reduce the economic burden on healthcare systems, and advance scientific
understanding in the realm of neuroinflammation and ferroptosis.

Objectives:

Objective 1- Development of DNA aptamers against DMT1 and ACSL4.

Objective 2- Identification of the most enriched aptamers using Next Generation Sequencing.

Objective 3- Systemic screening of aptamers with specific and high affinity binding to selective cell types using
flow cytometry.

Obijective 4-Testing the efficacy of selected aptamers using DNA nanostructures on neuroinflammation.

Work Plan:

Objective 1 (8 weeks).

A ssDNA library containing a central random sequence of 30 nucleotides, flanked by specific sequences of 20
nucleotides at the 5’ and 3’ termini, will be designed and obtained from a commercial facility. The aptamers will
be folded by heating the library for 5 minutes, followed by snap cooling. The negative selection will be
performed by incubating the ssDNA pool with streptavidin-coated magnetic beads (SCMB), followed by the
collection of unbound aptamers. These aptamers will be incubated with target protein, purified using immune-
purification methods from the cell lines. After washing, ssSDNA-peptide complexes on SCMB will be denatured

by heating and collected by magnetic separation. The eluted ssDNA will be amplified by Polymerase Chain



Reaction (PCR) using a 5’ phosphorylated reverse primer. The obtained ssDNA aptamer pool will be used for
the subsequent rounds of negative and positive selections. The selection cycle will be repeated 8-10 times till
enrichment is observed using real-time PCR melting curve analysis (26). This will result in a pool of ssDNA
aptamers having high specificity for the target peptides.

Objective 2 (6 weeks).

The enriched ssDNA aptamers will be analyzed by next-generation sequencing. The abundance of each
aptamer in the pool will be calculated as a percentage of each number of reads within the total reads. The 10
most abundant ssDNA aptamers that bind to the peptides will be utilized in objective 3.

Objective 3 (6 weeks)

To monitor the binding of enriched ssDNA pool in live cells, FAM-labeled ssDNA pools will be procured from a
commercial facility and incubated with wild-type microglial cell lines like BV2 and with knock-down lines of
target proteins ((ACSL4-/-) or (DMT11-/-)) or cell lines not expressing the proteins naturally. Cells will be
washed twice after incubation, and the fluorescence intensity will be determined by flow cytometry. This will be
repeated at least three times. The equilibrium dissociation constant of the aptamer-cell interaction will also be
determined by performing the cell- based SELEX in a concentration-dependent manner (27). This will help
determine DNA aptamers that strongly bind to the target proteins in live cells.

Objective 4 (6 weeks)

The H,O,-stimulated microglial cells will be treated with the best aptamers, and subsequently, cellular viability,
mitochondrial health and signaling pathways will be analyzed using qPCR and flow cytometry. The aptamers
will be used free in solution or arranged on DNA nanostructures such as the DNA-Net and the M13 origami to

determine any multi-valency associated improvement (28, 29).



Working Strategy:
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Significance of the Proposal

Aptamers are revolutionizing the fields of diagnostics and therapeutics due to their unique physiochemical
properties. Exceptional specificity and customizability make aptamers invaluable tools for precisely targeting
disease-associated targets, effectively minimizing off-target effects and enhancing treatment efficacy. Notably,
these molecules exhibit low immunogenicity and can be mass-produced cost-effectively, offering a safer and
more economical alternative to traditional drugs (30). For example, the groundbreaking discovery of
MACUGEN, the first FDA-approved RNA-based therapy that targets vascular endothelial growth factor for the
treatment of wet age-related macular degeneration, demonstrates the real-world potential of these molecules
in clinical applications (31). Moreover, the innovative strategy of loading multiple aptamers onto DNA
nanostructures holds great promise, allowing for selective interaction with multiple sites on a single target as
well as multiple targets (29, 32-36). This approach opens new possibilities for highly selective and efficient
applications in clinical and basic research, and beyond.

Neuroinflammation is a key player in a wide range of neurological disorders that are significant health concerns
in India (37). Addressing neuroinflammation is vital for potentially decelerating or even halting the progression
of these conditions, ultimately improving the quality of life in affected individuals, simultaneously reducing the
socioeconomic burden on healthcare systems. Emerging research also suggests neuroinflammation may play
a role in neuropsychiatric disorders like depression and anxiety, highlighting the potential for treatments in the
realm of mental health (38). The development of effective therapies for neuroinflammation stands at the
intersection of scientific discovery, clinical care, and improved human well-being.

Targeting ferroptosis in microglia holds immense significance in the context of neuroinflammation and

neurodegenerative diseases. Microglia, the resident immune cells of the brain, play a central role in

neuroinflammatory responses (39). Ferroptosis is an iron-dependent and phospholipid peroxidation-driven
process to regulate cell death (15). Previous studies have shown that ferroptosis is closely related to
neuroinflammation (17, 19, 40). DMT-1- mediated iron overload and ACSL4-mediated accumulation of
phospholipid peroxides in microglia releases many inflammatory factors that exacerbate neuroinflammation.
Thus, inhibiting microglia ferroptosis holds promise for the prevention and treatment of neuroinflammation.

Utilizing aptamers for targeting ferroptosis in microglia presents a distinct advantage in pursuing therapeutic




precision. Aptamers can be strategically engineered for multi-valent binding to enhance their efficacy further by
arranging on various DNA nanostructures to achieve a multi-valent and pattern-matched interaction, ensuring a
comprehensive restoration of cellular homeostasis. This approach can simultaneously inhibit the activity of the
two proposed targets, DMT-1 and ACSL4 in cells. It will help develop a potential tool to restrict ferroptosis with
the high specificity and optimize the potential for successful intervention in neuroinflammatory processes.

Scientific Benefit: The overseas host, Dr. Wang has a well-established SELEX pipeline that will be applied to

select proposed aptamers. Dr. Wang’s research primarily focuses on designing and synthesizing functional

DNA nanostructures (28, 35, 41-43). These nanostructures are aimed at developing highly potent therapies

and rapid and cost-effective diagnostics for various diseases. Dr. Wang has also developed protocols to
reliably test the biostability of different DNA origami nanostructures in cell culture media and living cells and the
elucidation of the molecular basis for protein-free dsDNA homologous pairing.

(https://bioengineering.illinois.edu/people/xingw). Research Experience from Dr. Wang’s lab will help the

applicant gain access to state-of-the-art equipment and resources and hands-on experience in aptamer and

DNA nanotechnology. The applicant is a young researcher who joined CDRI in June 2021. and is working in

the area of neuroscience and ageing biology. By performing cutting-edge research, she aims to identify novel

targets and develop innovative therapeutics for neuroinflammation, neurodegeneration and age-associated

diseases. She has experience in various molecular biology techniques that will help her to complete the study

within stipulated time period.


https://bioengineering.illinois.edu/people/xingw
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