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ABSTRACT

Aptamers, which are single-stranded DNA or RNA molecules, are increasingly recognized as important tools in
diagnostics and therapeutics across various medical disciplines such as oncology, respiratory diseases, and
neurological disorders. This review provides a comprehensive evaluation of the recent progress and obstacles
encountered in the field of aptamer-based applications. Aptamers have shown promise in oncology for early cancer
detection and targeted drug delivery, effectively reducing off-target effects. They also hold potential for
significantly impacting the management of respiratory conditions such as asthma and Chronic Obstructive
Pulmonary Disease (COPD) by selectively targeting cytokines and regulating the inflammatory response. In the
realm of neurological disorders, aptamers offer novel methods by influencing the gut-brain axis and proposing
potential approaches for early detection and specific therapy. Despite these notable benefits, persistent challenges
remain in areas such as molecular stability, delivery mechanisms, and economic viability. This review offers a
comprehensive overview of aptamer-based diagnostics and therapeutics while exploring potential avenues for
future research.
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INTRODUCTION

Aptamers have revolutionized molecular medicine,
significantly impacting our approach to various health
conditions. Aptamers show potential in disease
diagnostics due to their precise target-binding
capabilities [1], targeted therapies [2], and drug delivery
[3]. This review explores a wide range of topics related
to cancer [4], autoimmune diseases [5], metabolic
dysfunctions [6], and mental well-being [7].

Aptamers have emerged as novel tools against cancer,
a prevalent human health condition. The potential of
precision diagnosis and targeted therapeutics [8-10]
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could offer promising prospects for enhancing the
efficacy of cancer treatments. In autoimmune disorders,
aptamers hold promise for facilitating more precise
approaches to diagnosis and treatment.

Aptamers present a promising and innovative strategy
for managing digestive disorders and metabolic
dysfunctions. Their potential application in conditions
such as malabsorption could lead to significant
advancements in treatment methods [11], inflammatory
bowel diseases [12], diabetes [13], and obesity [14].

Furthermore, aptamers play a crucial role in
combating infectious diseases [15]. Significant progress
has been made in the field of early detection and targeted
treatments. Aptamers have also shown potential as
therapeutic agents for promoting bone health, expanding
their applications beyond traditional biomedical fields
[16], and addressing psychological disorders [17].
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This review highlights the various applications of a promising future impact by these molecules, as
aptamers, emphasizing their significant potential for illustrated in Figure 1.
advancements in health and medicine. It also anticipates
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Figure 1 Aptamers: Structural Complexity, Therapeutic Versatility, and Developmental Challenges. This schematic
illustrates the structural properties of aptamers, their applications in therapy and diagnosis, and the challenges
encountered in their development and clinical use.
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History:

The narrative of aptamers begins in the late 20th
century, during an exciting era of discovery in the field of
molecular biology [18]. Aptamers, referred to as "chemical
antibodies,” originate from the Latin term "aptus,"
meaning "to fit," and the Greek term "meros," meaning
"part." Their development reflects these etymological
origins [19].

The concept of aptamers emerged in the laboratories of
two separate research groups, led by Larry Gold and Jack
Szostak, during the early 1990s [20]. These scientists
embarked on parallel paths to develop molecules that
could specifically bind to target molecules, akin to
antibodies, but with more versatility [21]. They employed
a process known as Systematic Evolution of Ligands by
Exponential Enrichment (SELEX), which facilitated the
selection of short, single-stranded DNA or RNA molecules
with high affinity for specific target molecules [22].

In 1990, Andrew Ellington and Jack Szostak first
demonstrated the in vitro selection of RNA ligands,
coining the term "aptamers". Concurrently, Larry Gold and
Craig Tuerk demonstrated SELEX with RNA binding to
bacteriophage T4 DNA polymerase [23]. The advent of the
SELEX process marked a pivotal milestone, enabling the
creation of aptamers targeting diverse entities.

The period following SELEX witnessed a transition
towards enhancing the stability and functionality of
aptamers through optimization. During this time,
chemically modified aptamers emerged, increasing
resistance to nuclease degradation and improving binding
affinities [24].

Therapeutic aptamers emerged in the early 21st
century. The FDA approved Macugen (pegaptanib) in
2004 as the first aptamer-based drug for treating
neovascular age-related macular degeneration (AMD).
This significant milestone confirmed the therapeutic
capabilities of aptamers and spurred further research and
development efforts.

Aptamers have become valuable tools in various
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domains, including therapeutics, diagnostics, and
environmental sensing. The development and utilization of
aptamers have undergone significant progress, leading to
their widespread application in precision medicine and
laying a solid groundwork for future innovations.

Structural and Functional Characterization of
Aptamers

Aptamers are a crucial and adaptable component of
contemporary molecular medicine. Known as "chemical
antibodies,” these short single-stranded DNA or RNA
molecules possess remarkable recognition and binding
capabilities, displaying high affinity and specificity
towards diverse target molecules [25], ranging from small
organic compounds and metal ions to large proteins and
entire cells. Unlike antibodies, which rely on their
distinctive three-dimensional structures for binding,
aptamers exhibit unparalleled versatility due to their
ability to fold into precise shapes that match their targets
[26]. This flexibility allows them to adapt their structure
precisely to specific targets, thereby demonstrating strong
binding capabilities.

Aptamers have significantly transformed the field of
molecular recognition and interaction, serving as valuable
tools in biomedical applications. The chemical synthesis
of these compounds ensures consistent quality and
performance. Additionally, their thermal stability and non-
immunogenic nature facilitate convenient modification or
labeling without compromising their binding capabilities
[27]. Aptamers possess the unique ability to bind targets
that are difficult for antibodies to recognize, either due to
their toxicity or lack of immunogenic properties.

Advances in Aptamer Selection

The SELEX process (Systematic Evolution of Ligands
by Exponential Enrichment) is a highly effective method
for identifying and optimizing aptamers, demonstrating
exceptional specificity. The process begins with a large
reservoir containing a diverse range of oligonucleotide
sequences, estimated to be up to 10715 in number [28].
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The target molecule selectively allows the survival of
molecules that can bind to it effectively, mimicking natural
selection. This selection is facilitated through the
partitioning and amplification of higher affinity
oligonucleotides via PCR in successive rounds of
selection. SELEX is versatile, functioning effectively in
both physiological and harsh environments [29], and is
highly valuable for applications in diagnostics and
therapeutics.

Moreover, the integration of Next-Generation
Sequencing (NGS) with SELEX techniques has had a
transformative impact. This integration has not only
facilitated the consolidation of millions of DNA sequences
but has also enhanced scientists' ability to identify rare yet
highly specific aptamers with improved precision and
efficiency [30]. NGS with SELEX provides researchers
opportunities to investigate sequence diversity and enhance
the selection process from existing aptamer libraries.

Advancements and Challenges in Enhancing
Aptamer Stability and Specificity

Aptamers possess several advantages, yet their stability
and specificity require enhancement for increased
practicality. Scientists have addressed the issue of
nucleases degrading aptamers in biological environments
by implementing innovative approaches. These include
incorporating chemical modifications such as 2'-fluoro, 2'-
amino, and 2'-O-methyl substitutions into the aptamer's
sequence structure. Additionally, protective carriers like
nanoparticles and liposomes have been utilized to enhance
resistance against nucleases [31]. Advances in specificity
have been achieved through refined Systematic Evolution
of Ligands by Exponential Enrichment (SELEX) protocols
and advanced bioinformatics tools. These developments
have enabled a more precise selection process for non-
targets and a deeper understanding of the interaction
between aptamers and targets.

Aptamers and Gastrointestinal Health

As research on the gastrointestinal (GI) tract's impact
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on health and disease expands, the therapeutic and
diagnostic applications of aptamers also show promise.
The complex nature of this system makes it vulnerable to
various diseases, such as inflammatory bowel diseases and
gastric cancers, providing a favorable opportunity for
aptamer intervention. Aptamers have demonstrated
diagnostic potential for colorectal cancer, a prevalent and
highly dangerous gastrointestinal malignancy. They
achieve this by identifying and binding to proteins or other
molecular markers that are abnormally expressed in the
presence of the disease, enabling early detection and
facilitating prompt implementation of preventive or
minimization treatments.

Aptamers have been identified as a promising tool for
targeted treatments in the fight against gastrointestinal
(Gl) diseases, as indicated in Table 1. They can be
engineered to specifically target and inhibit pro-
inflammatory cytokines, which play a central role in the
development of inflammatory bowel disease (IBD) [32].
This strategy offers an advanced approach with fewer side
effects compared to current therapies. Additionally, there
is promise in using aptamers to manipulate gut microbiota
for therapeutic benefit [33-35], a concept gaining
recognition due to its significant role in health and disease.

Aptamers and Oral Health

The oral cavity is a multifaceted ecosystem, hosting a
wide array of microorganisms and tissues. It also serves as
a pathway to oral diseases, such as periodontal disease and
cancer, which can significantly impact overall health and
well-being. Aptamers have revolutionized oral healthcare
by enabling advancements in diagnostics and treatment
monitoring. Salivary aptamers are currently under
investigation for their potential application in noninvasive
early detection of various conditions, including cancer, a
prevalent form of malignancy globally [53, 54]. This
method may enable cost-effective saliva tests for early
detection of cancer biomarkers, leading to improved
treatment outcomes for patients.
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Table 1 This table presents a summary of various gastrointestinal conditions, the aptamers used to treat them, their
mechanisms of action, and the corresponding scientific references. Each entry describes a specific aptamer’s
function in disease management, as reported in the literature cited.

Gastrointestinal Condition Aptamer Types Mechanism of Action References
Inflammatory Bowel Disease TNF-o aptamer Binds to and neutralizes TNF-a, reducing [32]
(1BD) inflammation
Celiac Disease Gliadin aptamer Binds to gliadin, blocking its interaction with [36]
the intestinal epithelium

Gastritis Leukotriene B4 aptamer | Binds to and inhibits leukotriene B4, reducing [37]
inflammation

Helicobacter pylori Infection Urease aptamer Binds to urease enzyme, inhibiting H. pylori [38]
colonization

Hemorrhoids VEGF aptamer Inhibits VEGF, reducing hemorrhoidal [39]
bleeding

Crohn's Disease IL-6 aptamer Binds to IL-6, reducing inflammation and [40]
disease activity

Irritable Bowel Syndrome (IBS) | 5-HT4 aptamer Binds to 5-HT4 receptors, modulating gut [41]
motility

Diverticulitis TNF-a aptamer Binds to and neutralizes TNF-a, reducing [42]
inflammation

Constipation L-type Calcium Modulates L-type Calcium Channel, improving [43]

Channel aptamer gut motility

Hepatic Cirrhosis TGF-B1 aptamer Binds to and inhibits TGF-B1, preventing liver [44]
fibrosis

Non-alcoholic Fatty Liver FABP4 aptamer Binds to FABP4, reducing lipid accumulation [45]

Disease (NAFLD) in the liver

Gastrointestinal Bleeding Thrombin aptamer Binds to and inhibits thrombin, preventing [46]
blood clot formation

Gastroenteritis Aptamer against Neutralizes bacterial toxins, preventing [47]

bacterial toxins damage to the gut lining

Gastroesophageal Reflux Disease | PPl-aptamer Inhibits proton pump action, reducing stomach [48]

(GERD) acid production

Ulcerative Colitis NF-«B aptamer Inhibits NF-xB, reducing inflammation and [49]
promoting mucosal healing

Pancreatitis Trypsin aptamer Inhibits trypsin, reducing inflammation and [50]
pancreatic damage

Gallstones Cholesterol aptamer Binds to cholesterol in bile, preventing [51]
gallstone formation

Fatty Liver Disease SREBP-1c aptamer Inhibits SREBP-1c, reducing lipid [52]
accumulation in the liver

Abbreviations: TNF: tumor necrosis factor, VEGF: vascular endothelial growth factor, IL: Interleukin, 5-HT: 5-hydroxytryptamine, TGF:
Transforming Growth Factor, FABP4: fatty acid-binding protein 4, PPI: Proton Pump Inhibitors, NF-kB: Nuclear Factor kappa-light-
chain-enhancer of activated B cells, SREBP: Sterol Regulatory Element-Binding Protein.
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Aptamers provide a novel approach for treating oral
diseases, as indicated in Table 2. Periodontal disease,
characterized by chronic inflammation and tissue damage,
can be effectively addressed by utilizing aptamers. These
molecules have the ability to specifically target crucial
inflammatory mediators or pathogenic bacteria, thereby
impeding the advancement of the disease [55].
Furthermore, aptamers have shown significant promise in
addressing oral cancer. Specifically, aptamers engineered
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to bind and inhibit oncogenic proteins within cancer cells
selectively have vyielded
preclinical investigations.

Moreover, the incorporation of aptamers into dental
materials has the potential to significantly enhance
restorative dentistry. These aptamers can be integrated into
materials to confer antimicrobial capabilities or promote
tissue regeneration.

remarkable outcomes in

Table 2 This table provides a concise overview of various oral conditions, the aptamers used for their management,
their mechanisms of action, and the associated references. Each row specifies an aptamer's role in influencing a
particular oral condition, as supported by the referenced studies.

Oral Condition Aptamer Mechanism of Action References
Oral Leukoplakia EpCAM Aptamer | Reduces cell proliferation, potentially halting disease [56]
progression

Halitosis (Bad H2S Aptamer Detects and quantifies halitosis related H2S [57]

Breath)

Oral Mucositis TLR4 Aptamer Blocks TLR4, reducing inflammation and ulceration [58]

Oral Candidiasis Candida Aptamer | Binds to Candida species, preventing biofilm formation [59]

Oral Lichen Planus | EpCAM Aptamer | Targeting EpCAM positive cells, reducing proliferation [60]

Oral Ulcers VEGF165 Inhibits angiogenesis, promoting wound healing [61]
Aptamer

Gingivitis TNF-o Aptamer | Blocks TNF-a, reducing inflammation [62]

Dental Caries S. Mutans Binds to and inhibits S. Mutans, a leading cause of [63]
Aptamer dental caries

Periodontitis RANKL Inhibits RANKL, reducing bone loss in periodontitis [55]
Aptamer

Dental Plaque S. Mutans Inhibits S. Mutans, a leading cause of dental plaque [64]
Aptamer

Abbreviations: EpCAM: Epithelial Cell Adhesion Molecule, H2S: Hydrogen Sulfide, TLR: Toll-Like Receptor, VEGF: vascular
endothelial growth factor, TNF: tumor necrosis factor, RANKL: Receptor Activator of Nuclear Factor Kappa-B Ligand

Aptamer-Based Targeted Therapy in Oncology

Aptamers in oncology have the potential to revolutionize
cancer treatment through targeted therapy [65]. This is
exemplified by their successful application in various types of
cancer, as shown in Table 3. The AS1411 aptamer exhibits
notable versatility by effectively targeting both colorectal and
ovarian cancers [66, 67], showcasing the broad applicability
of aptamers. AS1411 inhibits cell proliferation by binding to
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nucleolin, a protein that is overexpressed in numerous cancer
cells. This targeted approach minimizes potential harm to
healthy tissues, making it highly valuable in the treatment of
aggressive cancers such as colorectal cancer [66], where
minimizing collateral damage is crucial. It is also beneficial
in the case of ovarian cancer, where early detection is
challenging, and precise treatments are essential.

The MUC1 aptamer specifically binds to the MUC1
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antigen, which is highly expressed in gastric and pancreatic
cancers. The specificity of the aptamer allows for targeted
interference with tumor cell growth and metastasis. The
focused application of the MUCL aptamer holds great
promise in the context of pancreatic cancer [68], a disease
known for its resistance to standard therapies and aggressive
progression. The MUC1 aptamer has the potential to improve
cancer treatment by selectively targeting cancer cells [68],
potentially leading to more effective therapies with fewer side
effects, which is a significant development in managing these
complex malignancies.

The A10 PSMA aptamer demonstrates the potential of
aptamers in precision medicine for prostate cancer, acommon

malignancy known for its high levels of prostate-specific
membrane antigen (PSMA) expression [69]. The aptamer's
specific binding to PSMA allows for targeted elimination of
cancer cells, presenting a promising treatment approach that
may improve effectiveness and minimize the typical side
effects associated with prostate cancer therapies.

These diverse applications demonstrate the versatility and
precision of aptamers in targeting various cancer types. The
effectiveness of aptamers such as AS1411 in treating multiple
types of cancers, along with the specific targeting capabilities
of aptamers like MUC1 and A10 PSMA, underscores the
potential of aptamers to significantly enhance personalized
cancer therapy.

Table 3 This table summarizes different cancer types, the respective aptamers used for their treatment, their
mechanisms of action, and the corresponding research references. Each entry illustrates how a specific aptamer
works against a particular type of cancer, as detailed in the cited research.

Cancer Type Aptamer Mechanism of Action References
Colorectal Cancer | AS1411 Aptamer Binds nucleolin and inhibits cancer cell proliferation [66]
Gastric Cancer MUC1 Aptamer Targets MUCL1 on cancer cells and inhibits proliferation [68]
Prostate Cancer Al10 PSMA Binds to PSMA, selectively targeting and killing prostate cancer [69]

Aptamer cells
Ovarian Cancer AS1411 Aptamer Binds nucleolin, inhibiting cancer cell proliferation [67]
Skin Cancer VEGF Aptamer Inhibits angiogenesis, hindering tumor growth [70]
Breast Cancer Her2 Aptamer Targets Her2, selectively killing breast cancer cells [71]
Pancreatic Cancer | MUC1 Aptamer Binds to MUC1 on pancreatic cancer cells, inhibiting proliferation [72]
Cervical Cancer EpCAM Aptamer Binds to EpCAM on cancer cells, inhibiting proliferation [73]
Bladder Cancer EpCAM Aptamer Targets EpCAM on bladder cancer cells, inhibiting proliferation [74]
Lung Cancer AXL Aptamer Targets AXL receptor, inducing apoptosis in cancer cells [75]
Liver Cancer ASGPR Aptamer Targets ASGPR on liver cancer cells, inhibiting proliferation [76]

Abbreviations: MUC: Mucin, PSMA: Prostate-Specific Membrane Antigen, VEGF: vascular endothelial growth factor, HER: Human
Epidermal Growth Factor Receptor, EpCAM: Epithelial Cell Adhesion Molecule, ASGPR: Asialoglycoprotein Receptor.

Aptamers and Airway Inflammation

Managing the inflammatory nature of respiratory
diseases such as asthma and COPD poses significant
challenges. Aptamers offer an ideal solution as they
minimize side effects associated with conventional
treatments, which lack specificity. Aptamers are single-
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stranded DNA or RNA molecules that possess a distinct
ability to recognize and bind to specific targets due to their
unique three-dimensional structure [20]. This enables
them to bind strongly yet specifically to proteins, small
molecules, and even cells without inducing any immune
response while simultaneously avoiding off-target effects
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due to their size [77].

Tralokinumab, an aptamer designed to target
interleukin-13 (IL-13), has demonstrated remarkable
potential in clinical trials. It has exhibited substantial
efficacy in enhancing lung function and managing
symptoms among individuals with asthma [78]. Similarly,
TNF alpha, another key player in COPD pathogenesis, is
being investigated using aptamers, and preclinical models
show promising results as well [79].

Aptamers show significant potential in modulating
inflammation related to respiratory diseases like asthma
and COPD, offering promising opportunities to enhance
existing  therapeutic  approaches.  Aptamers are
increasingly recognized as valuable diagnostic tools,
offering an efficient and non-invasive approach to detect
respiratory illness-associated biomarkers [80, 81].

Emerging  Applications of  Aptamers in
Neurological Disorders

The utilization of aptamers in the field of neurological
disorders signifies a notable advancement, providing
accurate and focused interventions for a range of
conditions as shown in Table 4. The X-Aptamer's
application in schizophrenia diagnosis represents a
significant breakthrough, identifying C4A and ApoB as
promising biomarkers [82]. This development marks a
new era in the diagnostic approach to this complex mental
disorder [83], offering insights into underlying
pathophysiological mechanisms and facilitating early
detection and targeted therapeutic strategies.

The B-casomorphin-7 aptamer plays a crucial role in
detecting p-casomorphin, representing a significant
advancement in diagnostic approaches for autism spectrum
disorder (ASD) [84]. This biomarker-based technique offers
amore objective and potentially earlier identification of ASD,
surpassing traditional behavioral assessments and enabling
timely, personalized interventions.

The therapeutic use of the VEGF aptamer in spinal cord
injuries demonstrates a novel approach to enhancing recovery
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[85]. By promoting angiogenesis, this treatment addresses a
critical aspect of healing spinal cord injuries, potentially
accelerating tissue regeneration and improving functional
outcomes in a condition historically challenging to treat.

The RB006 aptamer's specific binding to Factor 1Xa in
ischemic stroke management provides a precise method for
regulating clot formation [86], reducing the risk of systemic
bleeding—a significant concern with broad anticoagulants.
This targeted intervention may improve stroke treatment
outcomes by directly addressing vascular occlusion.

The P2X7 aptamer's targeting of the P2X7 receptor in
chronic pain represents a novel approach to pain
management [87]. Modulating this receptor crucial in pain
signaling offers a promising avenue for significantly
reducing pain perception, particularly beneficial in
conditions with complex pain management challenges and
limited treatment options.

Aptamers also play a crucial role in neurodegenerative
disorders like Alzheimer's and Parkinson's diseases. The
beta-amyloid aptamer in Alzheimer's disease specifically
targets and inhibits the aggregation of beta-amyloid
plaques [88], potentially slowing disease progression. In
Parkinson's disease, the alpha-synuclein aptamer shows
promise by inhibiting alpha-synuclein aggregation [89], a
departure from current symptomatic treatments toward
disease-modifying approaches.

Versatile Applications of Aptamers Across
Therapeutics, Diagnostics, and Environmental
Monitoring

Aptamers are highly versatile and promising tools with a
wide range of applications in fields such as therapeutics,
diagnostics, environmental monitoring, and biosensing.
Aptamers, exemplified by Pegaptanib, have significantly
transformed the therapeutic approach to age-related macular
degeneration by precisely targeting pathologic proteins [100,
101]. They offer high specificity and sensitivity in diagnostic
tests for conditions such as cancer or infectious diseases
[102].
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Table 4 This table offers a brief overview of several disorders, the relevant aptamers used for their potential
treatment or biomarker identification, their mechanisms of action, and the associated scientific references. Each row
specifies an aptamer's role in modulating or detecting a particular disorder, as supported by the referenced studies.

Disorder Aptamer Mechanism of Action References
Schizophrenia X-Aptamer Identifies C4A and ApoB in Blood as Potential [82]
Markers
Autism Spectrum B-casomorphin-7 detection of the p-casomorphin (BCM-7) as a [84]
Disorder (BCM-7) Aptamer promising biomarker of autism disorder
Spinal Cord Injury VEGF Aptamer Binds to Vascular Endothelial Growth Factor [85]
(VEGF), promoting angiogenesis and recovery
Ischemic Stroke RBO006 Aptamer Binds to Factor 1Xa, reducing clot formation [86]
Chronic Pain P2X7 Aptamer Binds to P2X7 receptor, reducing pain signaling [87]
Prion Diseases PrP Aptamer Binds to prion protein, reducing its pathological [90]
conformation
Multiple Sclerosis MBP-1 Aptamer Binds to myelin basic protein, modulating immune [91]
response
Huntington’s Disease guanine-rich aptamers | showing high efficacy in modulating the functions of [92]
the mutated protein
Diabetic Neuropathy NfL Aptamer Binds to Neurofilament Light, a biomarker for nerve [93]
damage, enabling monitoring and potential
therapeutic interventions
Fragile X Syndrome FMRP Aptamer Binds to Fragile X Mental Retardation Protein, [94]
potential therapeutic applications for genetic disorders
Myasthenia Gravis Acetylcholine Binds to Acetylcholine Receptor, potentially reducing [95]
Receptor Aptamer autoantibody-mediated damage
Dementia BACEL1 Aptamer Inhibits BACE1 enzyme, reducing amyloid-beta [96]
production
Alzheimer’s Disease beta-amyloid Binds to beta-amyloid, inhibiting its aggregation [88]
Aptamer
Parkinson’s Disease alpha-synuclein Binds to alpha-synuclein, inhibiting its aggregation [89]
Aptamer
Amyotrophic Lateral SOD1 Aptamer Binds to superoxide dismutase 1 (SOD1), reducing its [97]
Sclerosis (ALS) aggregation
Stroke/lschemia NMDA receptor Binds to NMDA receptors, reducing glutamate- [98]
Aptamer induced neurotoxicity
Tourette Syndrome Dopamine D2 Binds to Dopamine D2 Receptor, potential for use in [99]
Receptor Aptamer adjusting dopaminergic signaling

Abbreviations: C4A: Complement Component 4A, Apo: Apolipoprotein, PrP: Prion Protein, MBP: Myelin Basic Protein, NfL:
Neurofilament Light, FMRP: Fragile X Mental Retardation Protein, BACE: Beta-Site APP Cleaving Enzyme, SOD: Superoxide
Dismutase, NMDA: N-Methyl-D-Aspartate.
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In environmental protection, aptamers play a significant
role by cost-effectively detecting contaminants like
mercury, ensuring food safety through the identification of
foodborne pathogens [103]. Furthermore, they serve as
carriers for transporting therapeutic agents to specific cells,
thereby reducing overall toxicity in cancer therapy [104].

Limitations and Delivery Methods of Aptamers in
Therapeutic Applications

Aptamers, despite being recognized for their
specificity and potential in targeted therapies, encounter
several fundamental limitations that hinder their clinical
applicability. One major consideration is the stability of
these entities in the biological environment [105].
Aptamers, especially those based on RNA, are susceptible
to degradation by nucleases in the body's fluids [106],
leading to a notable reduction in their therapeutic
effectiveness. To address this problem, significant efforts
have been focused on chemical modifications, including
the integration of unnatural nucleotide analogs, which can
provide resistance against nucleases [107]. Nevertheless,
these modifications may unintentionally impact the
aptamer's binding affinity or specificity, as well as increase
production costs, which could hinder the feasibility of
large-scale manufacturing and widespread clinical
implementation. The specificity of aptamers poses
challenges despite being a defining characteristic. In the
complex and diverse environment of the human body, it is
important to consider the potential for aptamers to bind to
molecules that are not their intended targets or to similar
regions on different cells. The lack of specificity in binding
raises concerns regarding potential off-target effects [108],
which may result in unfavorable outcomes. It is crucial to
carefully optimize the structure of the aptamer and conduct
thorough in vivo testing in order to minimize these risks.
Aptamers are commonly considered to have lower
immunogenicity compared to protein-based therapeutics
with respect to their immunogenic properties [109].
Nonetheless, the immune response may still occur to some
extent, particularly when the administration is repeated or
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prolonged. Minimizing immunogenic responses is crucial
in the development of aptamers, especially for long-term
therapeutic use. In the field of delivery methods, various
innovative strategies have been developed to improve the
effectiveness of aptamer therapeutics. Nanoparticle-based
delivery systems have become increasingly important due
to their ability to protect aptamers from enzymatic
degradation [110] and facilitate targeted and controlled
release. Nanoparticles can be customized to target specific
cell types or tissues, thereby improving the therapeutic
effectiveness of aptamers. Conjugation techniques involve
attaching aptamers to different carriers such as lipids,
polymers, or other biological molecules [111]. This
strategy aims to enhance the bioavailability and prolong
the half-life of aptamers. Conjugates can enhance tissue
penetration, particularly in dense or inaccessible regions,
and assist in targeting specific cellular sites for aptamer
delivery. Local administration of aptamers, particularly in
diseases such as cancer, provides a means to enhance
therapeutic efficacy at the specific target site while
minimizing systemic exposure [112]. This approach is
particularly applicable to solid tumors, as localized
treatment can greatly enhance effectiveness. Exosome-
based systems offer a promising approach for delivering
aptamers [113, 114], representing a new and innovative
method in the field of delivery methods. Exosomes, being
natural carriers, can encapsulate aptamers, thereby
protecting them from degradation and facilitating precise
delivery to particular cell types. Hydrogel-based delivery
systems are gaining attention in regenerative medicine due
to their capacity for localized and sustained release of
aptamers [115].

CONCLUSION

Aptamers, single-stranded nucleic acids, show
immense promise in diagnosing and treating a variety of
diseases, including oncology, respiratory conditions like
asthma and chronic obstructive pulmonary disease
(COPD), and neurological disorders. These compounds
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demonstrate high specificity and affinity towards diverse
targets, enabling precise interventions with reduced
toxicity. Aptamers hold potential for early cancer detection
and immunotherapy. In respiratory diseases, targeting
specific cytokines offers therapeutic advantages over
conventional treatments.

Preliminary research suggests aptamers may also
influence neurological disorders by modulating gut-brain
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