
HIGHLIGHT

Chemical and genetic molecular glues to

degrade CoREST corepressors

KEY WORDS

UM171;

Molecular glue;

KBTBD4;

CUL3-RING E3 ubiquitin

ligase;

HDAC1/2;

CoREST corepressors

Targeted protein degradation (TPD) technology mainly utilizes

the natural degradation systems within cells to specific and effi-

cient degradation of disease-related proteins1. The ubiquitin—

proteasome system (UPS) is the most important way of protein

degradation in eukaryotic cells, which is involved in more than

80% of degradation processes2. Molecular glues are mostly small

molecules to stabilize existing interactions between two proteins

or induce new protein—protein interactions3. In the case of mo-

lecular glues between the target protein and an E3 ligase, the

formation of a ternary complex facilitates the transfer of ubiquitin

from the E2 conjugating enzyme to the target protein, which is

subsequently recognized and degraded by the proteasome4.

Recently, chemical and genetic molecular glues, UM171 and

KBTBD4 cancer mutations, were discovered by the research

groups of Ning Zheng and Brian B. Liau and published in Na-

ture5,6. These glues were found to facilitate the degradation of

CoREST corepressors (Fig. 1). UM171 functions as a chemical

glue that enhances the interaction between KBTBD4 and HDAC1/

2, promoting degradation of corepressors. Meanwhile, the endog-

enous cofactor inositol hexakisphosphate (InsP6) acts as a second

molecular glue, and the overall CoREST—HDAC1/2—KBTBD4

complex is further buttressed. Additionally, the authors reveal a

striking mechanistic mimicry between UM171 and the KBTBD4

cancer mutations. KBTBD4 is frequently mutated in

medulloblastoma (MB), the most prevalent embryonal brain tumor

in children, and the mutations impart gain-of-function to KBTBD4,

which was identified as a genetic glue. Genetic glue refers to a type

of molecule obtained through gene mutations that enhances the

interaction between E3 ubiquitin ligases and substrates, induces the

formation of stable complexes between target proteins and E3

ubiquitin ligases, and promotes the degradation of target proteins.

KBTBD4 induces aberrant degradation of the transcriptional

corepressor CoREST, suggesting that insertional mutagenesis in

cancer is similar to the mechanism of action of chemical molecular

glues. These findings indicate that UM171 and the KBTBD4

cancer mutations possess the same molecular glue degradation

function, proposing a new concept of genetic glue.

Cullin—RING E3 ubiquitin ligases (CRL3) are comprised of

the Cullin scaffold, an adapter, a substrate receptor, as well as an

E2-recruiting subunit RBX1/27. As the largest family of E3

ubiquitin ligases, CRL3 plays a crucial role in various cellular

processes, including cell cycle progression, DNA damage repair,

and maintenance of chromatin integrity8. KBTBD4, a CRL3

substrate receptor subunit, is recurrently mutated in medullo-

blastoma (the most common embryonal brain tumor in children)9.

Interestingly, these mutations impart gain-of-function to KBTBD4

to induce aberrant degradation of the transcriptional corepressor

CoREST, which functions as a scaffold to recruit LSD1 and either

the histone deacetylase HDAC1 or the paralogue HDAC2 at its

two ends, forming the core LSD1—HDAC1/2—CoREST (LHC)

corepressor complex.

Meanwhile, they identified the direct binding target of UM171

by global proteomic analysis in UM171-sensitive cell lines treated

with vehicle (DMSO) or UM171. The results showed that several

proteins exhibited significant depletion in levels after treatment

with UM171, including LSD1, two CoREST paralogues, as well

as components of the broader LHC complex (RREB1, GSE1, and

HMG20B). Additionally, they assessed which downregulated

proteins were direct versus collateral targets of

UM171—KBTBD4, and found that many depleted proteins were
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associated with LHC. These data indicated that CoREST was a

direct neo-substrate of UM171—KBTBD4. Furthermore, ELM2

domains and the interactions between HDAC1 and/or HDAC2

with corepressors were demonstrated to be necessary for UM171-

induced degradation of CoREST. In addition, the

KBTBD4—UM171—LHC complex in the presence of InsP6 was

assembled and determined its structure using cryo-electron mi-

croscopy (cryo-EM) to resolve the mechanism of action of

UM171. The result showed that a single molecule of UM171 filled

an exposed gap between the HDAC1 and KBTBD4-B with

exquisite shape complementarity to act as a glue. Moreover, InsP6

served as a second glue, directly adjacent to the UM171 binding

site and nestled at the three-protein junction between HDAC1,

CoREST, and KBTBD4-B to stabilize the complex.

In this study, the authors also established that the KBTBD4

mutations were required for the proliferation in MB. Compared

with the KBTBD4-WT, the KBTBD4 mutations possessed greater

affinity with LHC, showing that the MB mutants were sufficient to

drive E3 engagement with LHC. Similar to UM171, mutant

KBTBD4-LHC binding required the addition of a second glue,

InsP6, and HDAC1 was also the only subunit of LHC that made

direct contact with the KBTBD4 mutations. Moreover, recon-

stituted CRL3KBTBD4− PR showed more CoREST ubiquitination

than CRL3KBTBD4− WT in vitro. Collectively, these findings indi-

cated that KBTBD4 MB mutations were adequate to enhance

CoREST ubiquitination and degradation of CoREST in an

HDAC1/2-dependent fashion. By enhancing the shape comple-

mentarity and polar interactions, the KBTBD4 gain-of-function

mutants facilitated the interaction between the E3 and the

neosubstrate.

Notably, UM171 promoted the ubiquitination and degradation

of CoREST by phenocopying and chemically mimicking the

KBTBD4 MB mutations. Meanwhile, by comparing the structures

of the two LHC-bound KBTBD4 MB mutations and the

KBTBD4—UM171—LHC complex, a significant convergent

mechanism that molecular glue and the cancer mutations com-

plemented and optimized the suboptimal protein—protein interface

between the E3 ligase and HDAC1 to drive their association was

shown. The gain-of-function cancer mutations and the molecular

glue structurally and functionally mimic each other, complement-

ing the suboptimal protein—protein interface to promote the neo-

morphic interaction. The discovery of novel molecular glues could

promote drug development in oncology and epigenetics by

degrading ‘undruggable’ targets, overcoming drug resistance via

dynamic protein degradation, and enhancing immunotherapy via

immune checkpoint modulation, while enabling precise epigenetic

control through chromatin regulator modulation. For clinical

translation of molecular glues, advanced drug delivery systems are

crucial to enhance tumor-targeting specificity, improve tissue

penetration capabilities, and optimize blood—brain barrier perme-

ability. Concurrently, engineering tissue-selective molecular glues

could mitigate off-target interactions and prevent therapeutic

resistance development. Finally, the combination of molecular glue

with traditional targeted therapies, epigenetic treatments, or

immunotherapy could potentially establish a novel treatment

approach for cancer and complex diseases.
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Figure 1 UM171 and KBTBD4 cancer mutations structurally and functionally mimic each other, prompting the degradation of CoREST

corepressors.
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