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Targeted protein degradation is orchestrated by interactions between target

proteins and components of the ubiquitin–proteasome system such as the E3

ligase cereblon. Advances in molecular visualization of the target complexes

formed by cereblon have provided insights into how cereblon, degrader mole-

cules and drug-induced non-native targets come together to enable cellular

breakdown. Here, we review selected examples demonstrating how X-ray

crystallography and cryogenic-electron microscopy (cryo-EM) have been

applied to cereblon structures to guide the development and validation of novel

preclinical heterobifunctional and molecular-glue degraders. In some instances,

cryo-EM and X-ray crystallography enabled structure-guided optimization of

degrader potency, while in others structural insights elucidated the molecular

mechanisms underlying target specificity. Collectively, these structural studies

are improving the reliability of computational predictions and paving the way

for more structure-based design of cereblon-recruiting small-molecule degra-

ders.

1. Introduction

The use of thalidomide to treat morning sickness in the late

1950s and early 1960s resulted in a devastating public health

tragedy, with more than 120 000 reported (and thousands

more predicted) cases of stillbirths, miscarriages and birth

defects. The teratogenic effects of thalidomide were subse-

quently linked to its interaction with cereblon (CRBN), a

molecular target identified years later (Ito et al., 2010).

Thalidomide was a mimic of a naturally occurring biological

degron, cyclic imides, formed on the aging of proteins that

CRBN engages, resulting in ubiquitination and proteolytic

degradation of the aged protein (Xu & Woo, 2025). Upon

thalidomide binding, CRBN undergoes a tertiary conforma-

tional change, making it amenable to off-target binding and

degradation of proteins such as the developmentally impor-

tant spalt-like transcription factor 4 (SALL4) and isoforms of

p63 (Matyskiela et al., 2018; Asatsuma-Okumura et al., 2019).

This discovery ignited interest in CRBN biology and the idea

that CRBN-recruiting compounds, including molecular-

glue degraders (MGDs) and heterobifunctional degraders/

PROteolytic TArgeting Chimeras (PROTACs), could be

designed against novel targets to induce degradation (Békés et

al., 2022). Heterobifunctional degraders are usually composed

of bivalent chemical moieties to recruit the target protein

and the E3 ligase through rational design, while MGDs are

monovalent compounds that are usually discovered through

high-throughput screening. Targeted protein degradation is

now a multi-billion dollar industry, with CRBN as one of the

core degradation-inducing modalities for several chemical

entities in the clinical pipeline for treatment of a myriad of
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diseases, including Vepdegestrant, the first FDA-approved

PROTAC as of May 2026 (Campone et al., 2025). In this

review, we highlight how structural biology is beginning to

make important contributions to help catalyze both the

discovery of small-molecule degraders and an improved

understanding of the underlying structural mechanisms.

1.1. Background to CRBN-mediated protein degradation

In cells, CRBN performs E3-ligase-independent functions

but most commonly functions as the substrate receptor of the

E3 ligase Cullin–RING ligase 4 (CRL4) complex that coop-

eratively binds and ubiquitinates target proteins (Stewart

et al., 2016). CRL4 complexes use CRBN to recognize and

tether substrates so that the E2–ubiquitin transferase enzyme

proximal to CRBN can transfer ubiquitin to lysine residues on

the CRBN-bound target protein. Following extension of the

polyubiquitin chain, the substrate dissociates from the CRL4

complex and is subsequently degraded by the proteasome.

CRBN is a highly dynamic protein that undergoes a large

conformational change upon engagement of the thalidomide-

binding domain, either by a degrader (Fischer et al., 2014)

or by a protein post-translationally modified with a CRBN-

specific degron which includes a C-terminal cyclic imide [cyclic

asparagine (cN) and cyclic glutamine (cQ)] (Xu & Woo, 2025).

Following binding, CRBN can bind a host of degrader-induced

non-native or native targets, forming a broad protein–protein

interaction interface with the target through induced proxi-

mity, earning these degraders the title of molecular-glue

degraders (MGDs; Ito et al., 2010). Thalidomide, pomalido-

mide and lenalidomide all recruit similar targets to CRBN,

including IKZF1 (Ikaros), IKZF3 (Aiolos), SALL4 and casein

kinase 1 alpha (CK1�; Donovan et al., 2018; Matyskiela et al.,

2018, 2020; Petzold et al., 2016). Once bound, the targets can

be ubiquitinated and subsequently degraded. While many

CRBN-bound targets are marked for degradation, their mode

of binding to CRBN is unique.

1.2. Timeline of structural insights into CRBN biochemistry

CRBN (UniProt Q96SW2; UPID UP000005640) is

composed of three domains: the N-terminal domain, Lon,

a helical bundle domain (HBD) interacting with damage-

specific DNA-binding protein 1 (DDB1), and a C-terminal

domain which binds to thalidomide and analogs (also known

as the thalidomide-binding domain; TBD) (Fig. 1a). The first

high-resolution crystal structures of CRBN were reported in

2014 (Chamberlain et al., 2014; Fischer et al., 2014). Deter-

mined at a resolution of 3.0–3.5 Å, these structures revealed

human CRBN and Gallus gallus DDB1 in complex with the

orthosteric ligands thalidomide, pomalidomide and lenalido-

mide. Each structure showed the degrader molecule bound

to the thalidomide-binding domain in a hydrophobic pocket

lined with three key tryptophan residues (Trp380, Trp386 and

Trp400) that became known as the Tri-trp pocket (Figs. 1a and

1b).

While the structures did not capture CRBN bound to a

target protein, Fischer et al. (2014) performed mutagenesis

analysis revealing that the C-terminus of CRBN is likely to be

involved in target binding. It was not until three years later

that the first structure of CRBN in complex with thalidomide

and a target, IKZF1, was determined (Sievers, Petzold et al.,

2018). These structures confirmed the previous hypotheses

that the thalidomide-binding domain serves as the primary

protein–target binding site and enabled the identification of

the target-binding footprint (Fig. 1b). IKZF1 made contacts

with both CRBN and thalidomide via its zinc-finger motif.

However, a recurring structural feature among CRBN targets

is a �-hairpin loop containing a conserved glycine residue,

commonly referred to as the canonical G-loop motif. This was

structurally validated by several follow-up studies determining

the crystal structures of unique CRBN–degrader–target

complexes, including CRBN–CC-885–GSPT1 (Matyskiela et

al., 2016), CRBN–lenalidomide–CK1� (Petzold et al., 2016)

and CRBN–pomalidomide–SALL4 (Matyskiela et al., 2020).

All unique structures share a similar binding pose of the

degrader glutarimide moiety with variations observed in the

binding footprint of the target, as also reflected in the studies

reviewed here (Fig. 1c).

Subsequent structural studies of heterobifunctional degra-

ders targeting bromodomain 1 of BRD4 expanded the target

and structural landscape of CRBN-recruiting degraders while

challenging conventional assumptions about the cooperativity

required for ternary-complex formation (Nowak et al., 2018).

These studies demonstrated the various ways that CRBN can

be harnessed for therapeutic potential, yet a mechanistic

understanding of the conformational dynamics of CRBN

remained elusive. A major contribution towards this was

reported by Watson et al. (2022), who used cryogenic-electron

microscopy (cryo-EM) to show that CRBN can adopt two

distinct conformations: an apo (open) state and a degrader-

bound (closed) state (Fig. 1b). Before binding to a cyclic

imide-containing molecule, the Lon and thalidomide-binding

domains are positioned 51� from each other in the open state.

Cyclic imide binding to the tri-Trp pocket induces a hinge-like

motion between the protein domains, reducing the separation

to 31�. This motion induces a concerted movement of the

sensor loop (amino acids 341–361) with restructuring of the

protein backbone. In addition to the changes in the tertiary

structure of cereblon, the cryo-EM structures revealed

different conformations of the �-propellor B (BPB) domain of

DDB1 that contributed to accommodation in the CRL4 ligase,

and a distribution of open and closed states based on the

respective degraders. These studies have led to a rapid

expansion in the number of cryo-EM structures of CRBN

bound to degraders specific to emerging and therapeutically

relevant targets (Annunziato et al., 2026; Kwiatkowski et al.,

2025; Nicholson et al., 2026; Petzold et al., 2025).

To further resolve distinct conformational states through

cryo-EM analysis, Dippon et al. (2026) identified an inter-

mediate CRBN state in the presence of an allosteric regulator,

SB-405483, and lenalidomide. In this intermediate state, the

thalidomide-binding domain was observed to be positioned

between the open and closed states, further confirming the

dynamic sampling of various conformational states and a
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Figure 1
Molecular architecture of cereblon (CRBN) including degrader- and target-binding epitopes. (a) Domain organization of CRBN. Lon/NTD, N-terminal
domain; HBD, helical bundle domain; TBD, thalidomide-binding domain. (b) Surface models from the cryo-EM structures of apo/open (PDB entry
8cvp) and degrader-bound/closed (CC-92480; PDB entry 8d7u) states. The transition from the open to closed form in CRBN–DDB1 is shown. Insets
show the tri-Trp pocket (Trp380, Trp 386 and Trp400) in orange and sensor-loop (341–361) residues in purple. (c) Heterobifunctional and molecular-glue
degrader and target-interacting residues on CRBN from the case studies discussed in this review. Interacting residues highlighted on the CRBN Lon and
thalidomide-binding domains from (b) are based on PDB-deposited cryo-EM/X-ray crystallographic ternary-complex structures. NT and CT denote the
N-terminus and C-terminus, respectively. Tri-tryptophan residues are highlighted in yellow.



likely representation of in situ states. Altering the equilibrium

between open and closed CRBN conformations using ortho-

steric or allosteric ligands represents an emerging area of

research, offering opportunities to structurally and computa-

tionally capture transient states and leverage these insights to

improve degrader potency (O’Connor et al., 2025). Under-

standing these various conformational states and how degra-

ders influence the recruitment and degradation of CRBN

substrates is becoming increasingly important.

One of the native CRBN substrates, glutamine synthetase

(GLUL), identified by Zhao and coworkers, undergoes

methylation of the carboxyl group on the C-terminal aspar-

agine by protein carboxymethyltransferase 1 (PCMT1)

followed by spontaneous hydrolysis to form the cyclic imide

moiety upon stress or aging (Zhao et al., 2026). This was one

of the first studies to investigate post-translationally modified

sequences (bearing cN or cQ) as native CRBN degrons

(Ichikawa et al., 2022). The crystal structure of the minimal

degron sequence of GLUL (PFQYKcN) bound to CRBN

revealed conserved interactions between the cyclic imide and

the tri-Trp pocket and additional molecular contacts between

CRBN and residues upstream of the cyclic imide. Direct

interactions between GLUL-cN and the CRBN sensor loop

increases binding affinity and has direct implications for more

efficient substrate ubiquitination and degradation. The struc-

ture of CRBN bound to this native degron sequence reaffirms

the hypothesis that degraders mimic how native degrons bind

to CRBN. While CRBN binds a specific residue-dependent

epitope on damaged or enzymatically modified substrates

later intended for turnover, degrader-induced binding of

CRBN to targets does not have a conserved sequence

preference. This has been shown by the uptick in the devel-

opment of CRBN degraders as therapeutic agents for targets

of clinical relevance. This review highlights selected CRBN-

recruiting heterobifunctional and molecular-glue degraders

and the established importance of structural biology tools in

the context of enhancing compound design and efficacy.

2. Structural themes observed in reviewed cases in this

article

2.1. Degrader optimization through structure–activity

relationship

Characterizing the three-dimensional structures of

degrader-mediated ternary complexes has had its challenges,

especially as related to deriving the minimal target protein

domain required that enables stabilization of the intact

complexes for X-ray crystallographic and cryo-EM sample

preparation. Molecular-glue degrader-mediated complexes

are affected by conformational heterogeneity due to small

interaction surface areas (Rui et al., 2023), while hetero-

bifunctional degrader-mediated complexes have complex

cooperative dynamics and intrinsic flexibility due to linker

composition (Ma et al., 2025). However, the cases reviewed

here from Bristol Myers Squibb and Tango Therapeutics

show growing possibilities for structurally capturing degrader-

mediated CRBN ternary complexes. Here, we discuss a couple

of specific examples that illustrate how the determination of

high-resolution structures was instrumental in the design and/

or validation of the degraders.

2.1.1. BLIMP-1

B-lymphocyte-induced maturation protein 1 (BLIMP-1) is

an important transcriptional repressor of genes responsible for

the differentiation of mature B cells into antibody-secreting

plasma cells (Tang et al., 2022). Multiple myeloma (MM) cells

depend on maintenance of the plasma cell state contributed

to by constitutive expression of BLIMP-1, which is considered

vital for oncogenic survival. Targeted degradation of BLIMP-1

in BLIMP-1 genetically dependent multiple myeloma cells was

predicted to negatively affect cellular homeostasis (Shen et al.,

2025). As an identified target, Bristol Myers Squibb embarked

on a fragment-based discovery of a heterobifunctional

degrader that would contain a de novo designed BLIMP-1

binder moiety, a CRBN-binding moiety and an optimized

linker (Simmons et al., 2025). High-throughput surface

plasmon resonance screening identified top BLIMP-1 binders

that were structurally characterized by X-ray crystallography

to elucidate the molecular interactions between the chemical

functional groups and the N-terminal positive regulatory

domain. Structural analysis of BLIMP-1 compound 8 identi-

fied the solvent-exposed imidazole ring as a suitable ‘exit

vector’ for linker conjugation during degrader development.

Compound 8 was altered to include a methylene amine

attachment at carbon 7 (C7; of the imidazole group; Fig. 2a)

that allowed the functionalization of different linkers and

cereblon binding moieties. The following compounds were

screened by degradation assays, revealing a correlation

between degrader potency and carbon chain length (attached

at C7). Cellular degradation studies identified compound 18

as an effective degrader, with an EC50 of 300 nM. Subsequent

cryo-EM analysis resolved the ternary complex between

BLIMP-1, compound 18 and CRBN, revealing an extensive

degrader-mediated protein–protein interface.

Several observations were made from the cryo-EM struc-

ture that led to the development of a more potent degrader.

Firstly, the attachment of the linker to C7 of the BLIMP-1-

binding moiety necessitated an unnecessary bend in the linker

to position BLIMP-1 towards CRBN (Fig. 2a). This led to

linker optimization through shifting the position of the exit

vector from the BLIMP-1 binding moiety from C7 to carbon 8

(C8; Fig. 2b). This allowed shortening of the linker length

(creating compound 21; Fig. 2b) while maintaining complex

geometry, interface interactions and improving compound

efficacy. The cryo-EM structure also showed that the linker

weaved through a hydrophobic patch of residues created at

the ternary-complex interface and helped to determine addi-

tional substituents to improve binding contacts and solubility.

These structural insights defined the pharmacophore required

for ternary complexation between BLIMP-1 and CRBN and

enabled a refined structure–activity relationship to improve

the residence time for target ubiquitination, in vivo efflux,
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Figure 2
Cereblon degrader potency optimization using structure-based drug design. (a) The cryo-EM structure of the ternary complex formed by BLIMP-1
(brown), compound 18 (pink) and CRBN (blue) is shown (PDB entry 9q33). The inset shows the structure and position of the BLIMP-1 targeting
heterobifunctional degrader compound 18. Note the linker position change from carbon 7 (C7) to carbon 8 (C8) on the imidazole ring in the BLIMP-1
binding moiety. (b) Composition differences in linker chemistry and 3D geometry of compounds 18, 21 and 27 in the optimization series. (c) Ternary
complex solved by cryo-EM of BCL-6, BMS-986458 (PDB entry 9ya9) or BMS-760 (PDB entry 9q03), and CRBN. The inset shows the comparative
positions of both BCL-6 heterobifunctional degraders. (d) Surface complementarity of both BCL-6 BTB domain positions in the ternary complex with
surface modes shown. The flipped top view shows the shift of the BCL-6 BTB domains relative to each other in the presence of the respective
heterobifunctional degraders. (e) Cryo-EM structure of HBS1L/GSPT3 in complex with TNG-4857 (PDB entry 11mr) or TNG-961 (PDB entry 10ay)
and CRBN. TNG-4857 optimization led to TNG-961, with the bottom panel showing differences in molecular-glue degrader composition and posi-
tioning. (i) The fused-ring structure in TNG-961 (cyan) compared with TNG-4857 (black); (ii) the benzothiophene group in the TNG-961 structure
(cyan) compared with TNG-4857 (black). ( f ) The inset shows favorable interaction of Arg664 in HBS1L mediated by the benzothiophene group in
TNG-961.
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permeability and stability (Fan et al., 2025). The lead

compound, compound 27, displayed prolonged degradation

of BLIMP-1 both on oral and intravenous delivery but was

potentially affected by dedifferentiation of plasma cells back

to naı̈ve B-cells in multiple myeloma models and not cellular

apoptosis. Nevertheless, the efficacy of using structural tools

for improvement of degrader design as established by this

study contributes to the expanding potential of targeted

degradation approaches for transcription factors, proteins that

are otherwise considered ‘undruggable’.

2.1.2. BCL6

Another degrader design campaign, also pursued by Bristol

Myers Squibb, was for a related and well known B-cell

differentiation transcription factor, BCL6. Transcription or

translational dysregulation of BCL6 expression has been

linked to non-Hodgkin’s lymphoma, with specific subtypes

including diffuse large B-cell lymphoma and follicular

lymphoma (Mortensen et al., 2026; Shunatona et al., 2025).

BCL6 has therefore been identified as a key target for

degradation to eliminate intrinsic and scaffolding function-

ality, as explored by various biopharmaceutical companies

(Pearce et al., 2021; Arvinas Inc./National Institutes of Health,

Clinical Trial NCT06393738, 2024). In the initial degrader

design against BCL6, researchers started with a BCL6

targeting moiety published by Boehringer Ingelheim, to which

they tethered exploratory linkers and cereblon-binding moiety

combinations at the piperadine ring (Kerres et al., 2017).

One of the initial heterobifunctional degraders (compound 3)

yielded an EC50 of 5 nM that was further optimized to 0.8 nM

through structure–activity relationship expansion of the

BCL6-binding moiety, linker and cereblon-binding moiety to

yield the BMS-760 compound (Shunatona et al., 2025). Cryo-

EM of two BCL6 monomers in complex with BMS-760 and

CRBN demonstrated a large interaction interface with several

electrostatic interactions between the proteins and the

degrader (Fig. 2c).

While BMS-760 displayed a favorable chemotype for

ternary-complex formation and cellular degradation, a high

oral dose was required to achieve 90% degradation of BCL6,

pointing towards low oral bioavailability of this now-tool

compound. In a follow-up publication, the Bristol Myers

Squibb team further optimized BMS-760 by decreasing the

hydrophobicity of the molecule and exploring isomer substi-

tutions leading to the development of BMS-986458, a current

Phase I/II clinical trial candidate for non-Hodgkin’s

lymphoma (National Institutes of Health, Clinical Trial

NCT06090539, 2023; Mortensen et al., 2026). The binding

affinity of this molecule and its cellular degradation efficiency

were comparable to those of BMS-760, yet it afforded a

remarkable difference at the ternary-complex interface as

indicated by a cryo-EM structure. Although the changes in the

surface area of the protein–protein interactions at the complex

interface and major interacting residues remained unper-

turbed compared with the BMS-760 interface (Table 1),

the BCL6 broad-complex, tramtrack and bric-à-brac (BTB)

domain was shifted by 38� (Fig. 2d). This variation in BCL6

position relative to CRBN (Fig. 2d) was induced by alterations

in linker and BCL6 binding moiety composition and accom-

modated by the greater flexibility of the Lon domain loop in

CRBN. These structures highlight the utility of high-resolution

structural studies to understand the architectural flexibility in

degrader-induced ternary complexes which have implications

for ubiquitination abilities and defining degradation profiles.

2.1.3. HBS1L (also known as GSPT3)

High-resolution cryo-EM and X-ray crystallographic

structures have helped guide the design of degraders alike, but

are often used as end-stage tools to validate structure–activity

hypotheses. Molecular-glue degrader development is compli-

cated compared with that of heterobifunctional degraders due

to the necessity of a complementary binding interface, and

most molecular-glue discovery pipelines rely on serendipitous

discovery through in vitro and cellular high-throughput library

screens (Kozicka, 2025). This is a separate effort from target

identification but requires the same application of high-

throughput screening methods. One company that has used

this approach is Tango Therapeutics, which developed and

optimized an HBS1-like translation GTPase (HBS1L)/GSPT3

degrader (Nicholson et al., 2026). HBS1L was uncovered

through a synthetic lethal screen on focadhesion (FOCAD)-

deleted cancers with co-deletions of methylthioadenosine

phosphorylase (MTAP) and cyclin-dependent kinase inhibitor

2 (CDKN2A). Knockdown of the HBS1L protein in FOCAD-

deleted (but not FOCAD-positive) cell models led to the

disruption of translational homeostasis and growth inhibition

due to removal of the HBS1L/PELO ribosome rescue

pathway. To explore this weakness, an in-cell HiBiT-induced

proximity assay was used to screen a library of molecular-glue

degraders and led to the identification of a potential binder

and degradation inducer, TNG-6266. HBS1L/GSPT3 shares

sequence homology with GSPT1, a well characterized CRBN

target, but TNG-6266 showed selective degradation of

HBS1L. TNG-6266 was modified (cereblon-binding moiety

and functional group expansion) to TNG-4857, leading to an

improved cellular degradation profile. Cryo-EM of TNG-4857

with HBS1L and CRBN revealed molecular-glue flexibility

and opportunities to improve interface interactions by co-

ordinating specific glue-interacting residues (Fig. 2e). As

suggested by structural analyses, the authors rigidified

TNG-4857 through the cyclization of several key positions

and performed other cellular structure–activity relationship

studies leading to the development of TNG-961. The use of a

fused-ring system in TNG-961 [labelled (i) in Fig. 2e] increased

compound rigidity at the cost of entropy but introduced a new

electrostatic interaction [labeled (ii) in Fig. 2e] between the

benzothiophene group in the molecular-glue degrader and the

guanidinium group of Arg664 of HBS1L (cation–� stacking;

Fig. 2f). This case study provides a glimpse into how high-

throughput screening and cryo-EM-guided drug design can

direct medicinal chemistry to improve degrader potency and

selectivity.
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2.2. Using ternary-complex structures to explain degrader

specificity

As with any other small molecule, degrader molecules

display off-target profiles in cells, including off-target binding

and/or degradation. This is usually identified through mass

spectrometry, but structural tools can also be integrated into

the process to understand exhibited compound selectivity.

Most studies employing CRRN-recruiting degraders focus on

the off-target profiles that involve well known targets (IKZF1,

IKZF3, SALL4 etc.) due to the conserved phthalimide–

glutarimide CRBN-binding moiety (Winter et al., 2015).

Although structural studies can highlight areas for selectivity

optimization of degraders, we focus here on those using

structures of the ternary complexes to explain selectivity.

2.2.1. HBS1L (also known as GSPT3)

The first case study using structural biology to define

degrader selectivity comes from the same publication

disclosing TNG-961, where Tango Therapeutics also used

cryo-EM as a tool to explain TNG-961 degradation specificity

for HBS1L (Nicholson et al., 2026). Unlike TNG-961, the

GSPT1 degrader CC-885 can induce degradation of GSPT1

and HBS1L/GSPT3 as an off-target effect (Matyskiela et al.,

2016). Structural comparison of the ternary complexes

(between CRBN–TNG-961–HBS1L and CRBN–CC-885–

GSPT1; Fig. 3a) shows a similar footprint of the target proteins

since both proteins contain the canonical G-loop motif

(Sievers, Petzol et al., 2018). However, overlaying the two

ternary complexes together provides an explanation for the

selectivity of TNG-961. CC-885 fits both binding pockets, but

evident steric clashes exist for TNG-961 with GSPT1, speci-

fically with the gem-dimethyl and trifluorobenzothiophene

groups of TNG-961 (Fig. 3b). Specificity of TNG-961 towards

HBS1L was also confirmed by showing that GSPT1 was not

ubiquitinated (in vitro ubiquitination assays), not complexed

with CRBN (HiBiT assays), nor degraded (immunoblotting

and whole proteome mass spectrometry) in cells. This

demonstrates one example where structure is used to explain

potency and selectivity characteristics that are required in

degraders to push compounds further into the clinical pipe-

line.

2.2.2. CDK2

Another interesting example is the development of cyclin-

dependent kinase 2 (CDK2)-targeting heterobifunctional

degraders by Kymera Therapeutics (Collier et al., 2025;

Kwiatkowski et al., 2025). Developing traditional ATP-

competitive inhibitors poses selectivity challenges due to the

highly conserved nature of ATP-binding pockets, especially

amongst the cyclin-dependent kinase family of proteins

(Łukasik et al., 2021). This provides an opportunity for the

development of orthogonal, noncatalytic, binding-pocket

ligands for degrader development to eliminate all main and

auxiliary protein functions (Burslem et al., 2018). In the study

reported by Kymera Therapeutics, the CDK2 binding moiety

was first developed and optimized through medicinal chem-

istry expansion from several existing CDK2 inhibitors to

develop compound 2 (Kwiatkowski et al., 2025). The X-ray

crystallographic structure of compound 2 with phospho-CDK2

(pCDK2) identified the solvent-exposed portion of the

molecule as a sulfonyl group for conjugation of the linker and

following cereblon-binding moiety. Following up on multiple

iterative rounds of in silico prediction, chemical synthesis and

cellular activity assays, compound 4 was identified as the lead

molecule and a cryo-EM structure was determined of the

ternary complex between pCDK2, compound 4 and CRBN

(Fig. 3c). The ternary-complex structure revealed multiple

auxiliary contacts between CDK2 and CRBN in addition to

the common interactions seen in degrader-induced complexes.

Similar to GSPT1/3, the ternary-complex interface residues

between CDK2 and CRBN are sequence-specific and are not

conserved amongst other CDK enzymes. When comparing the

degrader-induced ternary structures of CDK2–CRBN with

a previously deposited inhibitor-bound crystal structure of

CDK1, a clear difference in surface topology and electrostatics

is observed that sterically precludes CDK1 from complexing

with CRBN and compound 4 (Fig. 3d). The ternary-complex

structure also showed interactions between the Ile205 back-

bone carbonyl of cyclin-E1 (forms a heterodimer with CDK2

and is co-recruited to the ternary complex) and Lys407 of

CRBN. Cyclin-E1 solely binds CDK2, making this another

mechanism of selectivity over CDK1. These structural pre-

requisites indicate that compound 4 selectively binds CDK2

when both cyclin-bound and phosphorylated in cells, providing

an explanation for the temporal selectivity seen in the cellular

assays. This work further underscores the need for the struc-

tural validation of biologically relevant forms of target

proteins to understand and build degrader selectivity profiles.

2.2.3. VAV1

Monte Rosa Therapeutics have pioneered a de novo target-

identification pipeline for molecular-glue degrader discovery

using AI- and physics-based algorithms that has led to the

development of several drug candidates in clinical trials or

as pre-clinical tool compounds, including a VAV1-targeting

degrader, MRT-23227, and a G3BP2-targeting degrader,

MRT-5702.

VAV guanine nucleotide-exchange factor 1, VAV1, is a key

regulator in T- and B-cell signaling and exhibits tissue-specific

expression in hematopoietic cells, lowering the potential for

off-target effects (Neurath & Berg, 2024). VAV1 was identified

through structural similarity to the canonical �-hairpin G-loop

found on target proteins bound to degraders and CRBN;

specifically, the C-terminal VAV1 Src homology 3 (SH3)

domain containing the RT-loop shows significant surface

similarity to the canonical G-loop in previously identified

CRBN targets (Petzold et al., 2025). Using high-throughput

nanoBRET (bioluminescence resonance energy transfer)

library screening, several molecular-glue degrader candidates

were identified which promoted ternary-complex formation

between CRBN and VAV1. From the disclosed results in the

publication and patent (McAllister et al., 2024), compound 6
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Figure 3
Using structural biology to explain the specificity of CRBN-recruiting heterobifunctional and molecular-glue degraders. (a) Structure of TNG-961 bound
to HBS1L/GSPT3 (PDB entry 10ay) compared with CC-885 (PDB entry 5hxb) bound to GSPT1. (b) Insets show comparison of HBS1L and GSPT1
degraders in the presence of either HBS1L or GSPT1 (CRBN not shown in insets). The red X in the second inset shows clashes of TNG-961 with GSPT1,
providing proof of TNG-961 selectivity for HBS1L degradation. (c) Cryo-EM of the ternary-complex structure resulting from CDK2–cyclin-E1,
compound 4 and CRBN (cyclin-E1 not shown; PDB entry 9d0x). The inset shows the position of compound 4 (CDK2-recruiting heterobifunctional
degrader) at the ternary-complex interface. (d) Surface model comparison of degrader-bound CDK2 compared with clashes observed between inhibitor-
bound CDK1 and CRBN (PDB entry 4y72) to explain heterobifunctional degrader specificity. Cyclin and ribbon models for proteins are not shown here
for ease of visualization. (e) X-ray crystallographic ternary-complex structure of VAV1, MRT-23227 and CRBN (PDB entry 9nfr). Cryo-EM ternary-
complex structure of G3BP2, MRT-5702 and CRBN (PDB entry 9os2). Insets show the position and structure of the respective degraders. A partial
MRT-23227 degrader structure is shown due to compound flexibility preventing complete structural elucidation. ( f ) Inset showing the VAV1 SH3c RT-
loop in complex with MRT-23227 and CRBN to highlight key interactions in the RT-loop of VAV1 (dark purple) with residues in CRBN (cyan) which are
absent in other SH3-domain containing proteins. The inset for G3BP2 and G3BP1 shows residues of G3BP2 (green) which favor ternary-complex
formation through specific CRBN residues (for example Q105) compared with G3BP1 (purple). The bottom panel shows differences in G3BP2 and
VAV1 recruitment to CRBN via the respective degraders through noncanonical structural motifs and surface complementarity.



(also known as MRT-23227) was identified as the top hit for

CRBN engagement that demonstrated 93.34% degradation

of VAV1 in cells with a DC50 (half-maximal degradation

concentration) of 7.35 nM VAV1 (and not VAV2 or VAV3) in

cells. The disclosure from the company indicates that the final

clinical candidate they nominated, MRT-6160 (National

Institutes of Health, Clinical Trial NCT06597799, 2024), had a

comparable 97% degradation of VAV1 with a DC50 of 7 nM

(compound 185 in the patent). The ternary structure of

MRT-6160 in complex with VAV1-SH3c and CRBN was not

published, but the crystal structure of the ternary complex

with MRT-23227 was released (Fig. 3e). Interactions between

CRBN and the VAV1 SH3c were mediated by several residues

(Ser799, Asp797 and Arg796), matching what was computa-

tionally predicted (Fig. 3f). The VAV1-SH3c domain exhibits

sequence divergence amongst the VAV homologs, specifically

at the key interacting residues important for ternary-complex

formation with the degrader. Mutagenesis experiments and

whole-proteome mass-spectrometry studies demonstrated the

high level of specificity that MRT-23227 has towards VAV1.

Most degrader-mediated interactions occur between the

compound and CRBN, except for Arg796 on VAV1, which

contributes to cation–� stacking interactions with the terminal

ring in the degrader (Fig. 3f). Other SH3 domain-containing

proteins in the proteome (�300 proteins; Kazlauskas et al.,

2016) have poor sequence homology with VAV1-SH3c, and

those with similar residues lack the necessary coordinating

residues required for ternary-complex formation with CRBN

and the VAV1 degrader.

2.2.4. G3BP2

Using a similar surface analogy prediction tool as that used

to identify VAV1, Ras GTPase-activating protein-binding

protein 2 (G3BP2) was also identified as another G-loop-

independent target for CRBN by Monte Rosa Therapeutics

(Annunziato et al., 2026). The cellular screens identified the

molecular-glue degrader MRT-5702, which induced CRBN

recruitment to G3BP2 and its subsequent degradation with

high selectivity. Cryo-EM structures of the MRT-5702-

mediated ternary complex demonstrated engagement of the

CRBN Lon domain with a specific G3BP2 domain (Fig. 3e).

This is another noncanonical interaction site as previous

degraders mainly interact with the thalidomide-binding

domain of CRBN. This was due to the mimicry of CRBN of

the native binding partner of G3BP2, USP10, as identified

through predictive-structural screening methods developed by

Monte Rosa Therapeutics. Other well characterized CRBN-

recruiting degraders do not recruit G3BP2 due to this

unconventional binding interface, further providing selectivity

for the G3BP2 molecular-glue degrader. The structures also

revealed selectivity of the degrader for G3BP2 compared with

G3BP1 due to sequence divergence at key binding sites

(Fig. 3f). Specifically, Tyr29 and Lys25 on G3BP2 form

hydrogen-bond interactions with Gln105 and His353 on

CRBN, whereas the respective positions on G3BP1, Met29

and Asn25, have shorter side chains and are less electro-

negative, therefore ablating binding to CRBN. This highly

specific electrostatic footprint and surface complementarity at

protein–protein interfaces is essential for degrader-induced

ternary-complex formation, target ubiquitination and degra-

dation (Fan et al., 2025). This work is an excellent example of

how predictive and experimental structural biology can be

used to expand the druggable proteome for CRBN with

noncanonical structural motifs, inducing new interaction

hotspots.

3. Future directions

Targeted protein degradation is a rapidly evolving field, with

novel innovations and methods being reported regularly to

accelerate the discovery or enhancement of novel chemical

moieties. Reviews highlighting advances in high-throughput

biophysical screening methods have been documented else-

where (Casement et al., 2021; Ward et al., 2023; Holdgate et al.,

2024; Ponzo et al., 2026; Shaum et al., 2026), but here we

discuss how structural biology is being leveraged to under-

stand and improve degrader discovery.

3.1. Visualizing cullin–RING E3 ligase complexes

The crystal and cryo-EM structures discussed in this review

focus entirely on how CRBN is engaged by heterobifunctional

and molecular-glue degraders, and targets. Information on

ubiquitination and proteolytic degradation must however be

obtained by nonstructural methods such as in vitro and

cellular assays. Determining the structures of entire E3 ligase

complexes is a monumental challenge as it requires several

proteins in specific states, which in the case of CRBN

complexes can include target protein and degrader, CRBN,

DDB1, CUL4A, RBX1, UbcH5a, Nedd8 and ubiquitin

(Sievers, Gasser et al., 2018). Capturing this entire cullin–

RING ligase 4 complex requires optimization of recombinant

protein production, complexation conditions including over-

coming dissociation kinetics, and crystallography or cryo-EM

conditions (Crowe & Ciulli, 2026). However, a study by

Deng et al. (2025) determined the cryo-EM structure of

the CRL4CRBN–IKZF3 complex with eight molecular-glue

degraders, revealing not only the protein–protein interface

between CRBN, the degrader and the target protein, but also

how the E2 and ubiquitin are associated. This structural

characterization addresses a key question in CRBN biology of

how target binding to CRBN degraders positions lysine resi-

dues on the target protein for ubiquitination by the ubiquitin-

loaded E2 enzyme (Li et al., 2024). These structures demon-

strate that Lys166 on IKZF3 is in proximity to the ubiquitin-

loaded E2 enzyme, providing structural evidence for the major

ubiquitylation site observed in mass-spectrometric data. In

addition to these structures, other groups have published the

multimeric structure of another gold-standard E3 ligase, the

von Hippel–Lindau (VHL) E3 ligase receptor, in complex

with the rest of the proteins constituting the cullin–RING

ligase 2 complex (Sternicki et al., 2026). Visualizing E3 ligase

complexes by predictive modeling (Bai et al., 2022) or
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by experimental structures is a major advance for CRBN

biochemistry as it can begin to explain differences in degrader

potency in cells.

3.2. Predictive CRBN ternary-complex modeling

With the growing repository of experimentally validated

CRBN structures (Zhu et al., 2026), predictive modeling and

pattern-recognition software, such as AlphaFold3, is becoming

increasingly more accurate in predicting novel protein–ligand

and protein–protein interactions (Abramson et al., 2024).

Companies including Isomorphic Labs are using these AI-

based tools as the foundation for their Isomorphic Drug

Discovery Engine (IsoDDE) that has been used to identify

cryptic binding sites on CRBN (Isomorphic Labs Team, 2026),

consistent with the structural studies of the allosteric regulator

SB-405483 reported by Dippon et al. (2026). Insilico Medicine

has also employed predictive AI algorithms to generate

targeted protein-degradation moieties, including a hetero-

bifunctional degrader that targets PKMYT1, a cytoplasmic

membrane-associated serine–threonine protein kinase (Wang

et al., 2025). The predicted CRBN–degrader–PKMYT1

ternary complexes were modeled into a predicted cullin–

RING ligase 4 complex and the degraders were further

optimized to position surface-exposed lysine residues on

PKMYT1 for ubiquitination and were able to display nano-

molar binding to both CRBN and PKMYT1. While some

experimental data will always be required to optimize the

drug-like properties of the hit molecule, these approaches

potentially eliminate the need for extensive organic synthesis

campaigns and high-throughput library screens, thus accel-

erating the discovery of degraders.

4. Conclusion

CRBN has become one of the most well known proteins in

targeted protein degradation, specifically arising from struc-

tural studies and serendipitous discoveries of small-molecule

binders. Structural biology has become an increasingly useful

tool to advance candidates from proof-of-concept tools to

valuable medicines, while with the advent of AI-based plat-

forms for in silico small-molecule screening (Lv et al., 2025),

the degrader and target discovery space has exponentially

grown over the past few years (Zhang et al., 2026). Companies

such as Bristol Myers Squibb and Kymera Therapeutics have

used structural biology to demonstrate how heterobifunc-

tional degrader linkers can be optimized to maximize target

engagement and selectivity, maximizing cellular degradation

potency. Likewise, companies such as Tango Therapeutics and

Monte Rosa Therapeutics have used crystal and cryo-EM

structures to explain perceived degrader selectivity and to

perform structure-guided compound optimization. Looking to

the future, advances in capturing entire E3 ligase complexes

and AI-based predictive modeling can be expected to reduce

the time to discovery of CRBN degraders, not just for phar-

maceutical companies but also in academic research labora-

tories. The predictive advances in structural biology pertinent

to CRBN-degrader technology can potentially extend to all

�600 E3 ligases (Kozicka, 2025). CRBN, despite its tragic

discovery through the use of thalidomide, is now the core

modality used in targeted protein degradation and is poised to

enable the development of several life-saving drugs.
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