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Introduction
In the ever-evolving field of molecular pharmacology, the discovery 

and development of molecular glues have garnered significant attention 
as a transformative strategy in drug design. Molecular glues are small 
molecules that facilitate or enhance protein-protein interactions, 
enabling the targeting of previously “undruggable” proteins for 
therapeutic purposes [1]. Unlike traditional drugs that typically bind 
to a single protein or receptor, molecular glues bring together two or 
more previously unconnected proteins to modulate cellular functions. 
This article explores the concept of molecular glues, their mechanisms 
of action, and their potential applications in treating complex diseases 
such as cancer and neurodegenerative disorders.

What Are Molecular Glues?
Molecular glues are a class of small molecules that promote or 

stabilize interactions between two otherwise unlinked proteins. By 
binding to both a target protein and a secondary protein, they facilitate 
or enhance the formation of a functional protein complex [2]. These 
compounds are distinct from traditional small molecule drugs, which 
generally bind to a single protein to modulate its activity.

The term “molecular glue” refers to the way these molecules “stick” 
two proteins together, often leading to a functional or structural change 
that is beneficial for therapeutic purposes. The ability of molecular 
glues to modulate protein interactions is harnessed to regulate cellular 
processes that are key to the progression of various diseases, especially 
cancer and neurodegenerative diseases.

Mechanisms of Action
Molecular glues exert their effects by binding to both the target 

protein and an E3 ubiquitin ligase, a component of the cellular 
machinery responsible for tagging proteins for degradation. This 
interaction typically results in the ubiquitination and subsequent 
degradation of the target protein [3]. This mechanism is particularly 
useful for targeting proteins that are involved in disease but are resistant 
to traditional small molecule inhibitors.

Targeted protein degradation: Molecular glues can recruit the 
ubiquitin ligase to the target protein, leading to its degradation via 
the proteasome. This targeted protein degradation approach, which 
is employed by compounds like proteolysis-targeting chimeras 
(PROTACs), has been groundbreaking in cancer therapy. By eliminating 
the target protein entirely [4], molecular glues offer a way to overcome 
issues such as drug resistance and off-target toxicity, which are common 
with conventional therapies.

Modulation of protein complexes: In addition to promoting 
protein degradation, molecular glues can stabilize or induce the 
formation of specific protein complexes. By facilitating the interaction 
between a target protein and another cellular component, molecular 
glues can modulate signaling pathways or cellular processes that drive 
disease progression. For instance, molecular glues have been used 
to bring together immune cell receptors and tumor cell antigens, 
enhancing immune responses against cancer cells.

Alteration of protein conformation: Molecular glues may also 
alter the conformation of the target protein, thereby affecting its activity. 
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This mechanism can be used to either [5] activate or inhibit a specific 
cellular pathway, depending on the disease context. For example, 
molecular glues have been explored as a way to restore the function 
of mutated proteins in genetic disorders by promoting proper protein 
folding or interaction with other cellular components.

Applications of Molecular Glues
Molecular glues hold immense promise across several therapeutic 

areas, particularly in treating diseases that have been difficult to target 
with traditional approaches.

Cancer therapy: One of the most exciting applications of molecular 
glues is in cancer treatment. Cancer cells often rely on specific proteins 
to drive uncontrolled growth, survival, and metastasis. These proteins 
are frequently considered “undruggable” due to their structural 
complexity or lack of suitable binding sites. Molecular glues can target 
such proteins for degradation, effectively “removing” them from the cell 
and impeding the progression of cancer. For example, recent research 
has focused on using molecular glues to degrade the MYC protein [6], 
a transcription factor that plays a key role in various cancers, including 
breast cancer and lymphoma.

Autoimmune disorders: In autoimmune diseases, the immune 
system mistakenly attacks healthy tissues. Molecular glues can be used 
to modulate immune cell activity by promoting the formation of protein 
complexes that either enhance immune responses against pathogens or 
suppress unwanted immune activity. For instance, molecular glues have 
been explored as a way to enhance the efficacy of immune checkpoint 
inhibitors, which are a class of cancer immunotherapies [7].

Neurodegenerative diseases: Proteins such as tau and amyloid-
beta are implicated in the progression of neurodegenerative diseases 
like Alzheimer’s and Parkinson’s disease. These misfolded proteins 
often accumulate in the brain and disrupt cellular function. Molecular 
glues have the potential to target and promote the degradation of these 
toxic proteins, offering a new approach to treating these devastating 
disorders. By selectively eliminating misfolded proteins, molecular 
glues could reduce the buildup of harmful aggregates and alleviate the 
neurodegenerative process.

Infectious diseases: Molecular glues have also been explored in 
the context of infectious diseases. For instance, molecular glues can 
be used to target viral proteins for degradation [8], inhibiting viral 
replication and preventing the spread of infection. This approach is 
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being actively researched for diseases such as HIV and hepatitis, where 
traditional antiviral drugs often face challenges due to the development 
of resistance.

Advantages of Molecular Glues
Targeting “Undruggable” proteins: One of the most significant 

advantages of molecular glues is their ability to target proteins that 
are otherwise difficult to modulate with conventional small molecule 
drugs. Many disease-driving proteins lack suitable binding sites for 
traditional inhibitors, but molecular glues can overcome this challenge 
by recruiting the target protein into a functional complex with another 
protein.

Reduced resistance: Traditional small molecules can encounter 
resistance over time as the target protein mutates or as the drug’s efficacy 
diminishes. Since molecular glues induce targeted degradation rather 
than merely inhibiting protein function [9], they have the potential to 
circumvent resistance mechanisms and offer longer-lasting therapeutic 
benefits.

Precision and selectivity: By precisely modulating protein-protein 
interactions, molecular glues can offer a high degree of selectivity 
in targeting disease-related proteins while sparing normal, healthy 
proteins. This reduces the likelihood of off-target effects and enhances 
the overall safety of treatment.

Challenges and Limitations
Despite their potential, molecular glues also face several challenges. 

Their design and development require a deep understanding of protein 
interactions and cellular pathways [10]. Additionally, optimizing 
their pharmacokinetics and ensuring that they are bioavailable in the 
right tissues remain important hurdles. Toxicity and off-target effects, 
although minimized by their targeted mechanism, still need careful 
evaluation during preclinical and clinical testing.

Conclusion
Molecular glues represent a promising and innovative approach 

to drug development, offering a novel strategy for targeting previously 

inaccessible proteins and cellular processes. Their ability to induce 
targeted protein degradation, stabilize protein complexes, and 
modulate protein activity provides significant therapeutic potential 
across a range of diseases, including cancer, autoimmune disorders, 
and neurodegenerative diseases. While challenges remain in their 
development and optimization, molecular glues have the potential to 
revolutionize the way we treat complex diseases and offer a new frontier 
in precision medicine. With continued research and technological 
advancements, molecular glues could become a key tool in the arsenal 
of modern therapeutics, bringing new hope to patients who previously 
had limited treatment options.
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