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ABSTRACT 

Researchers in drug discovery are continually investigating new approaches to 

develop potential anticancer agents that are effective, safe, tolerable, and exhibit 

reduced resistance. Targeted protein degraders (TPD) represent a progressive paradigm 

in drug discovery. Conventional small molecules are generally designed to inhibit 

specific targets, whereas molecular glues function to recruit critical problematic proteins 

to the ubiquitin-proteasome system (UPS), resulting in the degradation of disease-

causing proteins through proteolysis. This study highlights the critical functions of TPD, 

particularly molecular glue degraders, in combating cancer and their implications for 

anticancer strategies. We aim to summarize recent advancements and offer insights into 

the development of medications associated with TPD technologies. 

Keywords: anti-tumor, targeted protein degraders, molecular glues, molecular 

prosthetics, PROTACs, HyTs 

Introduction 

         Targeted protein degraders (TPDs) are transforming the way we think about 

discovering novel treatments in the dynamic drug discovery field. TPDs have opened 

the door for developing novel and innovative classes of therapeutic agents, which can 

effectively address pathogenic proteins that are typically challenging for traditional 

small compounds to target with "featureless targets". In addition, TPD-technologies 

have played a significant role in addressing the challenges of drug resistance (Lai and 

Crews 2017). Furthermore, TPDs exist in various forms, such as molecular glues, 

proteolysis targeting chimeras (PROTACs), lysosomal targeting chimeras (LYTACs), 

hydrophobic tags (HyTs), autophagy-targeting chimeras (AUTACs). These were 

developed based on three strategies used in drug design and medicinal chemistry: 

linking, merging, and ligand-growing strategies. In this context, we will outline and 

emphasize molecular glue degraders, which have been released by serendipitous 

discovery (Schreiber 2021). These molecules, aptly named for their ability to induce 

neo-protein-protein interactions (neo-PPIs), display a novel strategy for addressing 

complex diseases, like cancer and immune disorders through targeting key misregulated 

proteins, as depicted in (Fig. 1). Herein, we explored the targeted protein degradation 

concept, PROTACs, molecular glues, molecular prosthetics, and HyTs technologies and 

investigated several examples that clarify their higher potentiality in revolutionizing 

cancer era of research. 
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Fig. 1. Schematic comparison of traditional inhibitors, molecular glues, and PROTACs. 

This Figure illustrates the mechanisms of action for each type of therapeutic agent: 

traditional inhibitors block target proteins directly, molecular glues facilitate the 

interaction between proteins, and PROTACs induce targeted protein degradation. 

1. PROTACs 

Molecular glues and PROTACs both leverage the ubiquitin-proteasome system 

to modulate protein function, but they differ in their mechanisms. Molecular glues 

facilitate the interaction between two proteins, leading to their degradation, while 

PROTACs are bifunctional molecules that recruit an E3 ligase to induce targeted protein 

degradation. While both strategies hold great therapeutic potential, PROTACs generally 

offer more versatility in targeting a wider range of proteins, whereas molecular glues 

may be more selective in their action."It may be helpful to point out, at a glance, that the 

key difference between molecular glues and PROTACs lies in their peculiar mechanism 

and structure, as highlighted in (Table 1).   Proteolysis targeting chimeras (PROTACs) 

are bivalent (heterobifunctional) compounds designed with dual binding sites: one end 

attaches to the protein of interest (POI), wherease the other end (warhead or bait) 

harnesses E3 ubiquitin ligases via an optimized linker (Fig. 2).  In the presence of two 

covalently bridged ligands, one of which leverages an E3 ubiquitin ligase (the cellular 

waste disposal system) while the other binds a targeted protein. PROTACs tag 

undesirable proteins for polyubiquitination and subsequent degradation. As illustrated in 

(Fig. 3), PROTAC-technology is a rapidly expanding approach to TPD and is available 

in several versions (Henning, Boike et al. 2022, Salama, Trkulja et al. 2022). 
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Fig. 2. Anatomical sketch of POI-PROTAC-E3 ligase polynary complex 

 

 Fig. 3. Schematic overview of different versions of PROTACs 

Table 1. Comparison between Molecular glues and PROTACs 

Item Molecular glues PROTACs 

Feature Monovalent 
Bivalent 

(heterobifunctional) 

Linker Linker-less Have a linker 

Binding pocket Not required Required 

MW <500 Da 700-1000 Da 

Role of Pfizer 

(Lipinski's rule) 
Obey Challenge 

Target affinity Weak ―stick-to‖ Strong 

Limitations 
Mainly based on 

serendipitous discovery 

High molecular weight, 

high surface area 

Clinical 

progression 
Straightforward Challenging 

First-in-class Lenalidomide ARV-110 
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2. Hydrophobic tag (HyT) technology  

Hydrophobic tag tethering degrader (HyTTD) approach is parallel to PROTACs, as it 

involves bifunctional molecules combining a small molecule (ligand) specific to the 

POI and a lipophilic moiety (tags). This building complex can mimic deteriorated or 

misfolded proteins, triggering the protein quality control (PQC) system, subsequently, 

the cell consider them as unstable or foreign and targets them for degradation via the 

proteasome, bypassing the demand for E3 ligases or ubiquitination, as shown pictorially 

in (Fig. 4) (Kubota 2009). The ubiquitin proteasome system (UPS) and  lysosomal 

autophagy are the core mechanisms involved in PQC, which is essential for retaining 

cellular homeostasis (Li, Li et al. 2022).  

 

Fig. 4. Schematic illustration of targeted protein degradations (TPD) induced by HyT-

technology 

Tags aid the interaction with biological membranes and cellular structures, enhancing 

cellular penetration, increasing solubility, improving metabolic stability, optimizing 

physicochemical parameters (ADME) and enabling targeted drug delivery. Strikingly, 

selective estrogen receptor degrader (SERD) fulvestrant, developed by grafting a 

pentafluoropentylsulfane-arm into the estradiol scaffold, can thus transfer the concept of 

HyTs from complexity to simplicity (Osborne, Wakeling et al. 2004).  

 

Fig. 5.  Striking illustrative example of HyT-technology 

Small lipophilic moieties act as effective hydrophobic tags that improve the lipophilicity 

of pharmacophores, thereby aiding in the absorption, distribution, metabolism, and 
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excretion (ADME) parameters when conjugated together. Several examples (Fig. 6) of 

these tags include polycyclic aromatic and aliphatic hydrocarbons, such as adamantane, 

ß-naphthoflavone (ß-NF), Boc3Arg (B3A), fluorene, norbornene, pyrene, and carborane 

(Shi, Long et al. 2016, Li, Ban et al. 2018, Ohoka, Tsuji et al. 2019, Shoda, Ohoka et al. 

2020, Wassel, Ammar et al. 2021, Xie, Zhan et al. 2023). Aside from the carcinogenic 

risks of polycyclic aromatic hydrocarbons, the HyT- technology faces certain 

challenges, such as off-target affinity, some sort of toxicity, and optimal tag design 

(Iwano, Nukaya et al. 2005, Straif, Baan et al. 2005). Remarkably, adamantyl moieties 

(Fig. 7) are documented as privileged motifs in medicinal chemistry due to their 

expanded applications in formulations and drug delivery systems (Wanka, Iqbal et al. 

2013, Ali, Mohamed et al. 2017, Štimac, Šekutor et al. 2017). In addition, the 

regulatory point of view for including HyT into drug candidates should be taken into 

consideration. However, this technology augments pharmacokinetics (PKs) and has the 

potential to unlock new innovative therapeutic applications. 

 

 

 

 

 

 

 

 

Fig. 6. Representation of common HyT-moieties 

 

Fig. 7. Illustration of some biologically active adamantane derivatives 
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3. The profile of molecular glues  

3.1. The perplexing role of molecular glues 

Another vital strategy that leverages the ubiquitin-proteasome system (UPS) is 

molecular glues (MGs). Unlike traditional small molecules, which primarily inhibit or 

block their specific targets, molecular glues act by glueing problematic POIs to 

ubiquitin ligases (the cell’s proteolytic machinery), leading to polyubiquitination 

followed by degradation, as illustrated in (Fig. 8). Molecular glues appear to reshape 

protein surfaces (neosurfaces). Neosurfaces are synthetic or engineered interfaces 

designed to interact with biological systems in specific ways. These surfaces are often 

used in the development of new materials or therapeutic strategies, providing enhanced 

functionality or specific interactions with cells or proteins. Various essential biological 

processes, including cell signaling, chromatin remodeling, protein folding, localization, 

and degradation, are orchestrated by such neo-protein interactions (Schreiber 2024). A 

molecular glue can reprogramme (or hijack) ubiquitin ligases to ubiquitinate the 

recruited POIs after forming higher-order assemblies (ternary or polynary complexes). 

As a result, molecular glues act as proximity-inducing agents (PIAs). The molecular 

glue drugs contribute to therapeutic effects by shaping the assembly and stability of 

protein complexes in a cellular environment (Liu and Ciulli 2023). 

 

Fig. 8. Conceptual diagram of molecular glue degraders 

3.2. Small, molecular prosthetics (correctors) 

Molecular glue offers novel therapeutic approaches for various disorders by 

mimicking or fufilling the role of deficient or dysregulated key biomolecules that 

contribute to disease, thereby restoring or augmenting normal physiological function. 

As a result, molecular glue serves as molecular prosthetics (synthetic substitutes). An 

illustrative example in the context of immunomodultory anticancer era of research is 

MLT-748 (Compound 1), discovered by Novartis researchers as a prosthetic molecule 

capable of filling the mutated pocket of MALT1, which lacks an indole side chain (due 
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to the Trp580-to-serine mutation), thus correcting the disease phenotype (Quancard, 

Klein et al. 2019).  

 

 3.3. Molecular glues: Drugging the undruggable targets 

Molecular glue discloses a peculiar mode of action, by driving featureless 

proteins that have been stigmatized as ―undruggable‖ to develop a druggable interface, 

particularly for crucial targets that lack small-molecule-binding pockets (hard-to-reach 

targets)(Fan, Boyle et al. 2023). The human proteome is classified as undruggable to a 

degree of approximately 85% (Neklesa, Winkler et al. 2017). 

3.4. Molecular glues: Towards less resistant therapeutic molecules 

Drug resistance is highly expected and could happen after a few doses or after a 

couple of months. Chemotherapeutic agents face two challenges: drugs induce adverse 

events and drug resistance (Szakács, Paterson et al. 2006). The pharmacological anti-

myloma activities of IMiDs (pomalidomide and lenalidomide) is CRBN dependant 

(Zhu, Braggio et al. 2011). By triggering missense mutations in the CRBN-binding 

region of IMiDs, tumor cells can escape the degradation of essential E3 ubiquitin ligase 

neosubstrates induced by thalidomide analogs. IMiDs resistance may originate from 

interface mutations of CRBN-neosubstrates, decreased CRBN expression, or 

competition from alternative neosubstrates (Jan, Sperling et al. 2021). Minor changes in 

chemical structure  may lead to dramatic change in activity, as amino group at C4 of 

Phthaloyl moiety of IMiDs is crucial for maximizing the potency by approximately 100 

fold of pomalidomide over thalidomide, as it lacks phthalimido C4-amino group which 

interferes with water mediated hydrogen bonding with glutamine side chain, therefore a 

mutation in this glutamine can disrupt the superiority of pomalidomide and 

lenalidomide over thalidomide (Gertz 2013).  The side chain of IKZF1 Q146 (IKZF3 

Q147) aligns with the phthalimido moiety of pomalidomide, and lenalidomide forming 

a water-mediated hydrogen bond, a feature not observed with thalidomide, as it lacks 

the key C4 amino group. Mutating IKZF1 Q146 (IKZF3 Q147) from glutamine to 

isoleucine disrupts this hydrogen bond, thereby altering the binding affinity of theIMiDs 

to the IKZF1 ZF2-ZF3 domains of CRBN (Toriki, Papatzimas et al. 2023). Only 

humans and rabbits exhibit thalidomide's teratogenic effects; rodents do not, due to 

distinctions in SALL4 degradation; because of sequence variations. Individuals with 

mutations in the SALL4 gene often display severe deformities, such as phocomelia or 

amelia, which are linked to the teratogenicity of thalidomide and its metabolite 5-

hydroxythalidomide (5-HT), as represented in (Table 2) (Matyskiela, Couto et al. 
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2018). Promisingly, an analog of "Bumped‖ IMiD (compound 2) emerged  as selective 

degraders of the mutant IKZF3, in contrast to pomalidomide can degrade endogenous 

IKZF1\3 (Brennan, Saunders et al. 2024). 

 

3.5. Simplicity in design and synthesis, as they pertain to small molecules 

3.5.1. Scaffold-hopping and Scaffold-morphing concept 

In an effort to identify molecular glue degraders, a great deal of research has 

been conducted across multiple laboratories and companies. Thalidomide is an ―iconic 

drug‖ in the pharmaceutical drug discovery field, currently and historically. From what 

the molecule needs to be a lead compound point of view; thalidomide has emerged as an 

intriguing prototype with many significant criteria for further optimization. Post 

translational modifications (PTMs) cycloheximide (Aspartimide and Glutarimide) have 

paved the way for molecular glue degraders (natural inspiration), as shown in (Fig. 9) 

(Ichikawa, Flaxman et al. 2022).  

 

Fig. 9. A reassessment of thalidomide development 

Thalidomide offers a good starting point in molecular glues development, 

characterized by two distinct moieties: the phthalimido and glutarimido rings. By fine-

tunning its structure-activity relationship and structure-affinity relationship, researchers 

have synthesized more potent derivatives, specifically, pomalidomide and lenalidomide. 

Thalidomide derivatives display most molecules in this class of medicine, with many 

others under clinical investigation.  Roughly, through derivatization at the phthalimido 

C-5 position, selectivity is broadly oriented toward GSPT subtypes rather than IKZF1/2, 

as observed with phthalimido C-4 derivatives. In addition, as shown with lenalidomide, 
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SJ3149, and SJ0040, eliminating one of the two phthalimido carbonyl groups shifts 

selectivity toward CK1α. Furthemore, switching the five-membered phthalimido ring to 

six-membered analogs restores selectivity for IKZF1 and IKZF3, as displayed with 

avadomide (quinazolinone) and TD-106 (benzimidazolone). Finally, replacing the 

phthalimido moiety with triazolo derivatives redirects selectivity toward CK1α and 

PDE6D, while reducing affinity for IKZF subtypes. A selected list of molecular glues 

and their POIs is provided below (Table 2), starting with thalidomide, the IMiD 

prototype, and its pharmacophoric features, as depicted in (Fig. 10). 

 

Fig.10. Anatomical sketch of the prototype thalidomide pharmacophoric features  

 

*Table 2. Selected list of  anti-cancer small, molecular glue compounds and their corresponding POI 

Small molecule Chemical structure Target protein 
Discovery 

strategy 
Refs. 

“Cycloheximide and congeners-based degraders” 

Thalidomide 

 

IKZF1, IKZF3, 

SALL4, RNF166, 

ZBTB16, FAM83F, 

p63, ZNF692, 

ZNF276 

Serendipitous 

discovery 

(Donovan, An et al. 

2018, Sievers, 

Petzold et al. 2018, 

Asatsuma-

Okumura, Ando et 

al. 2019, 

Yamanaka, Murai et 

al. 2020) 

5HT 

 

SALL4, ZBTB16 … 

(Donovan, An et al. 

2018, Asatsuma-

Okumura, Ando et 

al. 2019, Furihata, 

Yamanaka et al. 

2020, Yamanaka, 

Murai et al. 2020) 

Pomalidomide 

 

IKZF1, IKZF3, 

SALL4, ZFP91, 

ZBTB39, ZNF98, 

ZFP692, 

ZNF276, 

ZNF653, 

Serendipitous 

discovery 

(Krönke, Udeshi et 

al. 2014, Lu, 

Middleton et al. 

2014, An, Ponthier 

et al. 2017, 

Donovan, An et al. 
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ZNF827, 

ZBTB16, 

FAM83F, 

RNF166, GZF1, 

WIZ1, RAB28, 

DTWD1 

2018, Sievers, 

Petzold et al. 2018, 

Yu, Reitsma et al. 

2019, Matyskiela, 

Zhu et al. 2020) 

Lenalidomide 

 

IKZF1, IKZF3, 

ZNF276,ZNF653, 

ZFP91,ZFP692, 

ZNF827,SALL4, 

WIZ1,RNF166, 

CK1a, RAB28, 

FAM83F 

Serendipitous 

discovery 

(Krönke, Udeshi et 

al. 2014, Lu, 

Middleton et al. 

2014, Krönke, Fink 

et al. 2015, 

Donovan, An et al. 

2018, Sievers, 

Petzold et al. 2018, 

Yu, Reitsma et al. 

2019) 

“Phthaloyl C-4 based derivatives” 

CC-647 

 

ZBTB16 
Serendipitous 

discovery 

(Matyskiela, 

Zhu et al. 

2020) 

CC-3060 

 

ZBTB16, IKZF1, 

ZFP91, ZNF276 

Serendipitous 

discovery 

(Matyskiela, 

Zhu et al. 

2020) 

Iberdomide 

(CC-220) 
 

IKZF1, IKZF3, 

ZFP91, ZNF98 

Rational 

design 

(Donovan, 

An et al. 

2018, 

Matyskiela, 

Zhang et al. 

2018) 

Mezigdomide 

(CC-92480) 

 

IKZF1, IKZF3 

Phenotypic 

screening, 

SAR-

exploration 

(Lopez-

Girona, 

Havens et al. 

2019, 

Hansen, 

Correa et al. 

2020) 

SJPYT-195 

 

GSPT1 
Serendipitous 

discovery 

(Huber, Li et 

al. 2022) 
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ZXH-1-161 

 

GSPT1, GSPT2 
Chemical 

screening 

(Powell, Du 

et al. 2020) 

SJ7095 

 

CK1α, IKZF1, 

IKZF3 

Chemical 

screening 

(Nishiguchi, 

Mascibroda 

et al. 2024) 

“Phthaloyl C-5 based derivatives” 

SJ0040 

 

CK1α 
Chemical 

screening 

(Nishiguchi, 

Mascibroda 

et al. 2024) 

SJ3149 

 

CK1α 
Chemical 

screening 

(Nishiguchi, 

Mascibroda 

et al. 2024) 

SJ6986 

 

GSPT1, GSPT2 
Rational 

design 

(Chang, 

Keramatnia 

et al. 2023) 

Eragidomide 

(CC-90009) 
 

GSPT1 
Rational 

design 

(Surka, Jin 

et al. 2021) 

MRT-2359 

 

GSPT1 

 

Chemical 

screening 

(Gavory, 

Ghandi et al. 

2023) 

NVP-DKY709 

 

IKZF2 

SAR-analysis, 

rational 

design 

(Bonazzi, 

d’Hennezel 

et al. 2023) 

CC-885 

 

IKZF1, IKZF3, 

GSPT1, CK1a, 

PLK1, HBS1L 

Rational 

design 

(Matyskiela, 

Lu et al. 

2016, Li, 

Xue et al. 

2020, Surka, 

Jin et al. 

2021) 



85                               Az. J. Pharm Sci. Vol. 70, September, 2024 
 
 

FL2-14 

 

GSPT2 

Isogenic 

morphological 

profiling 

(Ng, 

Offensperger 

et al. 2023) 

9q 

 

 

GSPT1 

 

Rational 

design 

(Wei, Xu et 

al. 2023) 

“Six membered congeners” 

Avadomide 

(CC-122) 
 

IKZF1, IKZF3, 

ZFP91 

Rational 

design 

(Hagner, 

Man et al. 

2015) 

TD-106 

 

IKZF1, IKZF3 
Rational 

design 

(Kim, Go et 

al. 2019) 

TD-522 

 

GSPT1 

SAR-analysis, 

rational 

design 

(Takwale, 

Kim et al. 

2022) 

“Five membered congeners” 

 

FPFT-2216 
 

IKZF1, IKZF3, 

CK1α, PDE6D 

Rational 

design 

(Gemechu, 

Millrine et 

al. 2018, 

Teng, Lu et 

al. 2021) 

 

TMX-4113 

 

 

CK1α, PDE6D 

 

Rational 

design 

 

(Teng, Lu et 

al. 2021) 

 

TMX-4100 

 

 

PDE6D 

 

Rational 

design 

 

(Teng, Lu et 

al. 2021) 

 

TMX-4116 

 

 

CK1α 

 

Rational 

design 

 

(Teng, Lu et 

al. 2021) 
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                                                                               “β-catenin degraders” 

NRX-103094 

 

β-catenin 

HTS & 

Rational 

design 

 

(Simonetta, 

Taygerly et 

al. 2019) 

NRX-252114 

 

β-catenin 

HTS & 

Rational 

design 

 

(Simonetta, 

Taygerly et 

al. 2019) 

NRX-252262 

 

β-catenin 

HTS & 

Rational 

design 

 

(Simonetta, 

Taygerly et 

al. 2019) 

“Cyclin K degraders” 

(R)-CR8 

 

cyclin K Data mining 

(Słabicki, 

Kozicka et 

al. 2020) 

HQ461 

 

cyclin K HTS 

 

(Lv, Chen et 

al. 2020) 

dCeMM3 
 

cyclin K 
Chemical 

screening 

 

(Mayor-

Ruiz, Bauer 

et al. 2020) 

dCeMM2 

 

cyclin K 
Chemical 

screening 

 

(Mayor-

Ruiz, Bauer 

et al. 2020) 

dCeMM4 

 

cyclin K 
Chemical 

screening 

 

(Mayor-

Ruiz, Bauer 

et al. 2020) 

  

https://www.medchemexpress.com/nrx-103094.html
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“Aryl sulfonamide-based degraders” 

dCeMM1 

 

RBM39 
Serendipitous 

discovery 

 

(Mayor-

Ruiz, Bauer 

et al. 2020) 

Indisulam 

(E7070) 

 

RBM39, RBM23 
Serendipitous 

discovery 

 

(Han, 

Goralski et 

al. , Uehara, 

Minoshima 

et al. 2017, 

Ting, 

Goralski et 

al. 2019) 

Tasisulam 
 

RBM39, RBM23 
Serendipitous 

discovery 

 

(Han, 

Goralski et 

al. , Ting, 

Goralski et 

al. 2019) 

 CQS 

 

RBM39, RBM23 
Serendipitous 

discovery 

 

(Han, 

Goralski et 

al. , Uehara, 

Minoshima 

et al. 2017, 

Ting, 

Goralski et 

al. 2019) 

E7820 

 

RBM39, RBM23 
Serendipitous 

discovery 

 

(Uehara, 

Minoshima 

et al. 2017, 

Ting, 

Goralski et 

al. 2019, 

Faust, Yoon 

et al. 2020) 
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EN450 

 

NFKB1 
Serendipitous 

discovery 

 

 

(King, Cho 

et al. 2023) 

“Miscellaneous” 

 

BMS-202 

 

PD-L1 
Serendipitous 

discovery 

 

(Zak, 

Grudnik et 

al. 2016) 

 

BI-3802 

 

BCL6 
Serendipitous 

discovery 

 

(Słabicki, 

Yoon et al. 

2020) 

 

 

CCT369260 

 

BCL6 
Serendipitous 

discovery 

 

(Słabicki, 

Yoon et al. 

2020) 

 

NVS-STG2 

 

STING 
Chemical 

screening 

 

(Słabicki, 

Yoon et al. 

2020) 

 

 

JH-RE-06 

 

REV1 
Serendipitous 

discovery 

 

 

(Wojtaszek, 

Chatterjee et 

al. 2019) 

 

RO-2443 

 

MDMX 
Serendipitous 

discovery 

 

(Graves, 

Thompson et 

al. 2012) 

 

RO-5986 

 

MDMX 
Serendipitous 

discovery 

 

(Graves, 

Thompson et 

al. 2012) 
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3.6. Progression toward molecular glues and targeted protein degradation 

approaches: Shifting from inhibitors to degraders 

Analogous to traditional inhibitors, MGs are also small molecules that have 

unique mechanisms of action. However, the big challenge is how we integrate the 

insights required to develop such glues, which are between serendipitous discovery, 

screening-based discovery, and rational designing. From adrug design perspective, 

solvent-exposed region (solvent-filled pocket) serve as a key point for substantial 

modifications (Jiang, Yu et al. 2019, Geiger, Schäfer et al. 2022). The following 

examples demonstrate how adding solvent-filling small chemical moieties (degradation 

tail) to inhibitors can result in degraders, like molecular glues. 

3.6.1. Olaparib and 3a.  

Olaparib, an inhibitor of poly (ADP-ribose) polymerase (PARP), has been 

approved for the treatment of breast and/or ovarian cancer. By shifting the terminal, 

solvent exposed cyclopropyl group to a rigid planar fluorene moiety (HyT) enabling 

development of degrader (Go, Jang et al. 2020). 

 

3.6.2. EZH2 selective degrader MS1943 is a first-in-class, orally bioavailable treatment 

for triple-negative breast cancer (TNBC), was obtained by inserting adamantane HyT 

into UNC1999 (Yang, Li et al. 2016, Hansen, Correa et al. 2020). 
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3.6.3. By adding a hydrophobic adamantyl moiety to TX1-85-1, a selective Her3 

inhibitor, TX2-121-1 was developed. Interestingly, TX2-121-1 boosted the inhibitory 

effect of Her3-dependent signaling and led to the death of Her3-dependent cell lines 

(Xie, Lim et al. 2014) . 

 

3.6.4. A new molecular glue degrader called CR8 , a pan-CDK inhibitor, was developed 

by incorporating a 2-pyridyl group to the solvent exposed site of CDK12 inhibitor (R)-

roscovitine, as CR8 exhibit acceptable cytotoxicity in cell lines with elevated E3 ligase 

expression (Słabicki, Kozicka et al. 2020).  

 

3.6.5. Trametinib is an orally active MEK inhibitor that inhibits MEK1\2, while 

trametiglue degrade both KSR-MEK and RAF-MEK, in which replace acetamide 

moiety of trametinib by key sulfamide moiety (good hydrogen bond donor\acceptor) of 

trametiglue  (Khan, Real et al. 2020).  

https://www.medchemexpress.com/Targets/MEK.html
https://www.medchemexpress.com/Targets/MEK/mek1.html
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3.6.6. More than 1.5 million compounds were screened for molecular glue degraders by 

fluorescence polarization (FP). BI-3802, a degrader reflects distinct similarity matched 

with B-cell lymphoma 6 (BCL6) inhibitor BI-3812, emerged as promising candidates 

(Słabicki, Yoon et al. 2020). 

.  

3.6.7. Researchers hypothesized that a molecular glue akin to BI-3802 could be 

developed via modification on the solvent-exposed region, after several BCL6 inhibitors 

with structural similarities were disclosed. Among these is CCT369260, an oral active 

B-cell lymphoma 6 (BCL6) molecular glue that was discoverd to produce BCL6 

polymers that SIAH1 can recognize and degrade (Bellenie, Cheung et al. 2020). 

 

 

3.6.8. It has been reported that GNE-0011, a derivative of the inhibitor JQ1 bearing a 

key propargyl amine, exhibits a new class of monovalent BRD4 degrader, using a tail of 

degradation approach (Blake 2019).  
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3.6.9. Designing a tailed chemical handle for ligands that target key POIs in order to 

obtain molecular glue degraders was the aim of a promising design strategy developed 

by Nomura et al. (Toriki, Papatzimas et al. 2023). The handle recognized as a 

degradation tail, was then grafted onto various ligands of interest, resulting in the 

degradation of various oncoproteins, as shown in (Fig. 11). 

Fig. 11. Representation of a chemical handle as a degradation tail 

3.6.10. A recent promising modality, termed intramolecular bivalent glues (IBGs) has 

emerged. Distinct from monovalent MGs and bivalent PROTACs, IBGs act as novel 

bifunctional degraders for BRD2 and BRD4. IBG1 is a JQ1 tethered to E7820. Unlike 

PROTACs, which link the two flanking domains of the POI in trans, IBGs connect them 



93                               Az. J. Pharm Sci. Vol. 70, September, 2024 
 
 

in cis, as demonstrated in (Fig. 12)  (Hsia, Hinterndorfer et al. 2024). Interestingly, this 

might blur the distinction between PROTACs and molecular glues. 

 

Fig. 12. Depiction of IBG technology 

Concluding remarks  

To summarize, designing and developing of anti-tumor drugs with novel 

mechanisms is both pressing, and challenging. Proximity-induced chemistry and the 

modality of protein degraders is the dynamite behind revolutionary class of therapeutics. 

In the following years, TPDs are expected to become more tailored, focused, and hold 

huge promise drug discovery strategy, offering powerful classes of medicines for 

unligandable proteins, intriguingly, through molecular glues. Moreover, TPDs will 

provide valuable insights into the intricate drug discovery process. Innovative 

approaches to targeting undruggable targets, which extend beyond the proteasomal 

pathway, offer exciting potential to advance new treatments that traditional modalities 

cannot achieve.  
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إعبدة نظزنتصبق انجشيئي: رؤى حول يحفشاث الإ  

عبذالله أحًذ اننجبر
1

، عبذالله انسيذ عبذالله
1 

يحبسو انقبض و
1

، محمد أيًن انذهبي
1* 

 يصز، 11111(، جبيعت الأسهز، انقبهزة، بنين)قسى انكيًيبء انصيذنيت وتصًيى الأدويت، كهيت انصيذنت 1

  malzahaby@azhar.edu.eg :هًؤنف انًزاسمانبزيذ الإنكتزوني ن

 :انًهخص

نتطىَش َستكشف ببحثى ئكتشبف وتطىَش الأدوَت ببستًشاس سبلاا جذَذة فٍ ئطبس انسعٍ نعلاج انسشطبٌ، 

يجبل تطىَش فٍ يٍ انًُبرج انًتقذيت تكىٌ فعّبنت، أكثش أيبَاب، يحتًهت، وأقم يقبويت. بحُث  عىايم يضبدة نهسشطبٌ

عبدةا يب Targeted Protein Degraders (TPD).  انًستهذفت بثالأدوَت هى يحفضاث تكسُش انبشوتُُ وئكتشبف

نحجب أو تثبُظ أهذافهب انًحذدة، بًُُب  Traditional  Small Moleculesتصًُى انجضَئبث انصغُشة انتقهُذَت

شكهت ئنً َظبو َىبكىَتٍُانًحىسَت انبث ُبشوتُان طىَعنتصبق انجضَئٍ نتتصًُى يحفضاث الإ ،  (UPS)صووىبشوتُ-ًُ

(. فٍ هزا انسُبق، َسهظ انضىء عهً انخهىٌ )انتحهم انبشوتٍُُيًب َإدٌ ئنً تكسُش انبشوتُُبث انًسببت نلأيشاض 

نتصبق انجضَئٍ، فٍ انتصذٌ نًحفضاث تكسُش انبشوتٍُ انًستهذفت، لا سًُب يحفضاث الإ وانىاعذة الأدواس انحُىَت

ا، َأيم فٍ تىضُح انتطىساث انحذَثت وتقذَى سؤي قًُّت فٍ تطىَش الأدوَت انًشتبطت بهزِ  انتقُُبث نهسشطبٌ. وأخُشا

 .انًتقذيت

نتصبق انجضَئٍ، انًستهذفت، يحفضاث الإ بثلأوساو، يحفضاث تكسُش انبشوتُُا اثيضبد :انكهًبث انًفتبحيت

 .سبكهبَتانبشوتبكس، انانصُبعُت،  انجضَئبث
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