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Abstract  
Antisense oligonucleotides (ASOs) are a promising class of therapeutics designed to modulate gene expression. Both key 15 
mechanisms of action for ASOs operate in the nucleus: splice-switching ASOs modify pre-mRNA, processed in the nucleus, 
and mRNA-degrading ASOs require RNase H, an enzyme predominantly active in the nucleus. Therefore, to achieve 
maximal efficacy, ASOs require efficient nuclear delivery. Current ASO therapeutics shuttle in and out of the nucleus 
inefficiently. In this work, we have synthesised ASO conjugates for active nuclear import, by covalent conjugation with a 
potent small-molecule nuclear importer, (+)-JQ1. (+)-JQ1 is a well-characterised high-affinity binder for members of the 20 
BET bromodomain family of proteins and was recently shown to transport cytoplasmic proteins into the nucleus. Our (+)-
JQ1-ASO conjugates outperformed their unmodified counterparts for both splice-switching and mRNA knockdown in the 
nucleus, at all concentrations tested. In particular, we improved the performance of Oblimersen, a BCL-2 ASO drug that 
failed phase-III clinical trials, showing that this therapeutic may merit re-evaluation. This work shows that the covalent 
modification of ASOs with a small-molecule nuclear importer can significantly improve target engagement and pave the way 25 
for more effective therapeutics.  
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Introduction 
Nucleic-acid drugs have the potential to revolutionize how we treat a wide range of diseases.1 Among these drugs, antisense 
oligonucleotides (ASOs) have attracted significant attention for their ability to provide precise control over translation.2 
ASOs have several mechanisms of action, including RNase H-mediated degradation of mRNA bound to DNA-based ASOs, 
modulation of pre-mRNA processing, and steric hinderance of ribosome binding.3 This RNA-level intervention allows for 5 
a targeted approach to correct gene dysregulation associated with various pathological conditions, thus providing a specific 
and effective therapeutic strategy. 
A critical aspect of ASO effectiveness consists in their ability to localize within the nucleus (Figure 1).4 This is because ASOs 
operate primarily in the nucleus, through pre-mRNA splicing and RNase H-recruitment. Current ASO therapeutics are 
shuttled in and out of the nucleus: an inherently inefficient process, especially for large, negatively charged molecules like 10 
ASOs.5 While there is a pool of ASOs in the nucleus that exert their gene-modulating effects, the constant shuttling is 
suboptimal. Enhancing the nuclear import and accumulation of ASOs has been postulated to significantly improve their 
target engagement and, consequently, their therapeutic efficacy. Previous work to improve nuclear delivery has employed 
nucleic acid conjugates with small molecules6, aptamers7, and peptides8. Conjugates generated with the small molecule 
double-stranded DNA-binding dye Hoechst9 exhibited minimal and inconsistent improvements in gene-knockdown 15 
efficacy: targets with the same mechanism of action were knocked down to different degrees. Incorporating the nucleolin 
aptamer AS411 in a splice-switching oligonucleotide sequence has been shown to yield very modest splice switching 
improvements10. Efforts utilizing ASO conjugates with nuclear localization signal (NLS) peptides have faced significant 
toxicity and efficacy challenges11,12. This demonstrates the need to explore simpler and more effective alternatives for 
enhanced nuclear accumulation of ASOs. 20 
A recent study demonstrated the potential of a bi-functional compound containing the small molecule (+)-JQ1 warhead to 
induce the nuclear localization of cytoplasmic proteins13. (+)-JQ1 is a widely studied potent binder for members of the BET 
bromodomain family of proteins.14 While most of these proteins have primary roles in the nucleus15, 16, they can perform 
secondary functions in the cytoplasm, especially in the context of cellular signalling and stress responses17, 18. Thus, BET 
bromodomain proteins display an intermediary shuttling state between the nucleus and cytoplasm. 25 
In this work, we have synthesised novel covalent (+)-JQ1-ASO conjugates aimed at increasing the active nuclear import of 
ASOs. Our approach utilizes a single covalent (+)-JQ1 ligand modification to effect the nuclear enrichment of ASOs via 
interactions with BET bromodomain proteins. Our (+)-JQ1-ASO conjugates are superior to unconjugated ASOs, for both 
mRNA knockdown and splice-switching mechanisms (Figure 1). Moreover, we demonstrated that the improved efficacy of 
(+)-JQ1-ASO conjugates is dependent on binding to (+)-JQ1 target proteins, as excess small molecule (+)-JQ1 could 30 
outcompete them. By manipulating cellular localization through this mechanism, we pave the way for the development of 
more effective ASO therapeutics. The ability to actively augment the nuclear accumulation of ASOs, without increasing 
cellular toxicity, constitutes a significant advancement in the field. This advancement has the potential to improve therapeutic 
outcomes and expand the applicability of nucleic acid-based drugs. 

 35 

Figure 1. Schematic demonstrating the improved activity of (+)-JQ1-ASO conjugates over unconjugated ASOs. (+)-JQ1-
ASO conjugates improve splice-modulation and RNase H-mediated knockdown through increased nuclear accumulation. 
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Results 
To test the activity of (+)-JQ1-ASO conjugates, we initially chose a splice-switching ASO (SSO). The 18mer SSO we used 
contained a fully phosphorothioated (PS) backbone and all sugars with a 2′-OMe modification (Figure 2a). We used the 
gold-standard SSO sequence developed for the HeLa pLuc/705 cell line19, which expresses a luciferase-encoding gene 
interrupted by a mutated ß-globin intron. The mutation generates a 5′-splice site which activates a cryptic 3′-splice site, 5 
resulting in incorrect mRNA splicing and non-functional luciferase production (Figure 2b). The SSO binds to the mutant 
5′-splice site and promotes the exclusion of the aberrant intron, restoring the pre-mRNA splicing to produce functional 
luciferase. 
To synthesise the covalent (+)-JQ1-SSO conjugate, we used copper-catalysed click chemistry. We synthesised alkyne-
modified (+)-JQ1 in two steps, starting from the commercially available (+)-JQ1 ligand. First, the boc group of (+)-JQ1 was 10 
deprotected to yield the (+)-JQ1 acid. This was followed by a hydroxybenzotriazole (HoBT) and (3-Dimethylamino-propyl)-
ethyl-carbodiimide hydrochloride (EDC-HCl)-mediated coupling with propargylamine, resulting in the formation of (+)-
JQ1-alkyne. 5′-azide-SSO was prepared through an azidoacetic acid-N-hydroxysuccinimide (NHS) ester functionalisation of 
a 5′-terminally amine-modified SSO. The final (+)-JQ1-SSO conjugate was prepared using copper-catalysed click conjugation 
of the (+)-JQ1-alkyne with the 5′-azide-SSO (Figure 2c). We achieved >90% yields for all bioconjugation reactions 15 
performed and >95% purity following HPLC purification (SI Figure 1, 2). 
To test our (+)-JQ1-SSO conjugates in the HeLa pLuc/705 cell line, we compared their activity to the well-studied SSO, 
without the 5′ (+)-JQ1 modification. Cells were treated with varying concentration (25-200 nM) of either SSO (unconjugated 
and (+)-JQ1 modified) for 24-hours and quantified by luminometry, serving as a measure of splice correction and SSO 
efficacy. Our (+)-JQ1-SSO conjugate showed 2.0, 1.8, 1.9, and 1.7 fold higher splice-switching activity compared to the 20 
unconjugated SSO, at 25, 50, 100, and 200 nM respectively (Figure 2d). Covalent addition of (+)-JQ1 did not significantly 
increase the toxicity of the SSO at any concentration, relative to its unconjugated form – assessed through total protein 
production quantified by BCA (SI Figure 3) and Cell-Titer Glo (SI Figure 4).  
To confirm that the improved splice switching was induced by BET protein-mediated nuclear import rather than non-
specific binding to cellular proteins, we carried out a competition assay with excess small molecule, (+)-JQ1. At low 25 
concentrations of (+)-JQ1 (5 nM) the enhanced activity of the (+)-JQ1-SSO conjugate at 25 and 50 nM was effectively 
inhibited (Figure 2f). Consistent with the idea that the (+)-JQ1-ASO conjugate acts via an interaction with BET proteins, 
even higher concentrations of 200 nM (+)-JQ1 were required to inhibit the enhanced activity of the (+)-JQ1-SSO at 100 
nM and 200 nM (Figure 2g, SI Figure 5). Thus, we demonstrated that splice-switching ASO activity can be doubled via a 
specific interaction with the BET proteins for enhanced nuclear import. 30 
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Figure 2: Covalent (+)-JQ1-SSO modification enhances slice-switching activity. a) Sequence and chemical modifications 
for SSO used in the HeLa pLuc 705 cell line. b) Splice-switching mechanism in HeLa pLuc 705 cells. c) Synthesis of (+)-
JQ1-SSO conjugate using copper-catalysed click chemistry. d) Luminescence values for SSO and (+)-JQ1-SSO activity, 5 
transfected with lipofectamine 2000, at 24 hours at concentrations indicated. In all cases, luciferase activity was measured 
and normalised to untreated cells. Competition assay between (+)-JQ1-ASO conjugate and excess small molecule, (+)-JQ1 
at e) 5nM and f) 200 nM. Error bars represent standard deviation. ** represents p<0.05, *** represents p<0.01, n.s. 
represents p values that are not significant. 

Once we achieved improvement in splice-switching activity, we wanted to test whether this approach could be extended to 10 
RNase H-mediated gene knockdown (Figure 3a). Our test system was a 20mer ASO that targets the gold-standard 
knockdown target metastasis-associated lung adenocarcinoma transcript 1 (MALAT1), a nuclear-enriched long non-coding 
RNA.20 MALAT1 plays key roles in gene regulation and metastasis in cancer.21,22 Implementing the current state-of-the-art 
in ASO design, this MALAT1-ASO had a gapmer design, containing a fully PS backbone with terminal wings of five 2′-
methoxy-ethyl (MOE) sugar modifications (Figure 3b). In the gapmer design, the central region of DNA oligonucleotides 15 
are recognized by RNase H, while the flanks of 2′-modified sugars are RNase H-inactive, but enhance nuclease stability and 
target binding.23 As with the SSO, we prepared the (+)-JQ1 conjugate utilising copper-catalysed click chemistry, using the 
same (+)-JQ1-alkyne and a 5′-azide-modified MALAT1 gapmer. The 5′-azide MALAT1 gapmer was also prepared using 
azidoacetic acid-NHS ester functionalisation of a 5′-terminally amine-modified gapmer ASO. Following copper-catalysed 
click chemistry, the (+)-JQ1-MALAT1 gapmer was produced in >90% reaction yields and >95% purity, after HPLC 20 
purification (SI Figure 6, 7).  

To test the activity of the (+)-JQ1-MALAT1 gapmer conjugate, we measured MALAT1 transcript levels using reverse 
transcription-quantitative polymerase chain reaction (RT-qPCR) at 24 hours, comparing the knockdown to the unconjugated 
MALAT1 gapmer, normalised to the house keeping gene GAPDH. As with the SSO conjugate, the (+)-JQ1-MALAT1 
gapmer conjugate outperformed the unconjugated MALAT1 gapmer at all tested concentrations. We measured 20.1%, 25 
30.2%, 56.8%, and 54% less transcript with the (+)-JQ1 modified gapmer treatment, compared to the unmodified gapmer, 
at 5, 50, 100, and 200 nM respectively (Figure 3c). Again, similar to the SSO, this enhanced activity was found to depend 
on specific (+)-JQ1-BET bromodomain protein interactions, as it was lost in the presence of excess quantities of small 
molecule (+)-JQ1. At 200 nM (+)-JQ1, the enhanced activity of the (+)-JQ1-MALAT1 gapmer at 50-200 nM was completely 
inhibited (Figure 3d, SI Figure 8). Furthermore, no increase in toxicity was observed for the (+)-JQ1-MALAT1 gapmer 30 
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conjugate compared to the unconjugated MALAT1 gapmer at all concentrations (SI Figure 9). This demonstrated that (+)-
JQ1 conjugation can effectively increase both the splice-switching and gene-knockdown activity of ASOs.  
 

 

Figure 3: Covalent-(+)-JQ1 modification enhances RNase H-mediated knockdown. a) Mechanism of RNase H-mediated 5 
degradation of lncRNA MALAT1 localised in the nucleus. b) Sequence and chemical modifications for MALAT1 gapmer 
used. c) RT-qPCR data for MALAT1 knockdown upon lipofectamine transfection of (+)-JQ1- and unconjugated-gapmer 
in HEK293T cells for 24 hours at concentrations indicated. d) MALAT1 knockdown observed in competition assay in the 
presence of 200 nM (+)-JQ1. Error bars represent standard deviation. ** represents p<0.05, *** represents p<0.01, n.s. 
represents p values that are not significant. 10 

While MALAT1 ASOs are being evaluated for their therapeutic effect, Oblimersen (G3139), an 18-mer ASO containing a 
fully PS backbone designed to target apoptosis factor BCL-2, reached phase III clinical trials.24 BCL-2 is a crucial inhibitor 
of apoptosis that is overexpressed in various cancers.25 Despite promising phase I-II results as a sensitiser for chemotherapy, 
G3139 failed to show efficacy in multiple phase III trails.26 As this drug was well tolerated by patients27, the limiting factor 
is likely target engagement and efficacy. Therefore, given that G3139 functions as an RNase H-active ASO (Figure 4a), like 15 
the MALAT1 gapmer, we aimed to measure whether a (+)-JQ1-G3139 conjugate could result in a more potent drug 
molecule (Figure 4b). 
We synthesised the (+)-JQ1-G3139 conjugate using the same copper-catalysed click methodology as the previous ASOs. 
The 5′-azide-G3139 was synthesised from the commercially-obtained 5′-amine PS ASO using azideoacetic acid-NHS ester 
functionalisation, and the (+)-JQ1 conjugate was synthesised through a copper-catalysed click reaction with the (+)-JQ1-20 
alkyne (SI Figure 10, 11). We transfected ASOs into HEK293T cells and measured the BCL-2 transcript and protein levels, 
using RT-qPCR and western blotting, respectively, after 24 hours. Our (+)-JQ1-G3139 conjugate dramatically outperformed 
the unconjugated G3139 ASO at all concentrations tested. We measured 43.9%, 51.3%, 50.9%, and 64.5% less transcript 
using the conjugated (+)-JQ1-G3139 compared to the unconjugated G3139, at 50, 100, 200, and 500 nM respectively 
(Figure 4c). We also observed a concomitant marked reduction in comparative protein levels, especially at lower ASO 25 
concentrations (Figure 4d). We then conducted a competition assay using excess small molecule (+)-JQ1, similar to the 
approach used with the other conjugates. At 5 nM (+)-JQ1, the enhanced activity of (+)-JQ1-G3139 at 100 nM showed a 
significant reduction, and at 200 nM (+)-JQ1, the enhanced activity of (+)-JQ1-G3139 was fully inhibited. As observed with 
the previous (+)-JQ1 conjugates, no increase in cellular toxicity was observed for (+)-JQ1-G3139, compared to the 
unconjugated ASO (SI Figure 12). 30 
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Figure 4: (+)-JQ1-G3139 outperformed the unconjugated ASO. a) Mechanism of RNase H-mediated degradation of BCL-5 
2 mRNA. b) Sequence and chemical modifications for Oblimersen (G3139) used. c) RT-qPCR data of BCL-2 knockdown 
upon (+)-JQ1-G3139 and unconjugated-G3139 lipofectamine transfection in HEK293Ts for 24 hours at concentrations 
indicated. d) Western blot of BCL-2 levels upon treatment with G3139 and (+)-JQ1-G3139 upon transfection with 
lipofectamine at 24 hours at concentrations indicated. Normalised to GAPDH expression levels. e) Reduction of enhanced 
BCL-2 knockdown observed in competition assay in the presence of 5 nM and 200 nM (+)-JQ1. Error bars represent 10 
standard deviation. ** represents p<0.05, *** represents p<0.01, n.s. represents p value p values that are not significant 
 
 
Discussion/Future perspectives 
Our work demonstrates that covalent conjugation of the small molecule (+)-JQ1 to ASOs can enhance their activity in their 15 
two most prominent mechanisms of action: splice switching and RNase H-mediated gene knockdown. These findings build 
upon the previous literature surrounding the development of (+)-JQ1 as a nuclear importer. Our data underscores the 
importance of precisely targeting therapeutic agents to their site of action. By inducing ASO enrichment in the nucleus, we 
have improved their functional efficacy and therapeutic potential. In this way, we have shown that nuclear localization is 
crucial for maximizing the therapeutic potential of ASOs for splice switching and RNase H-mediated knockdown. 20 
Our approach is simple, versatile, and broadly applicable, as evidenced by the successful enhancement of ASO activity across 
different backbone chemistries, different targets, and different mechanisms of action. Thus, our technology is robust and 
potentially applicable to a wide range of therapeutic scenarios. Notably, we have taken Oblimersen, an ‘almost-therapeutic’ 
ASO, and used our approach to dramatically improve its therapeutic efficacy. This improvement suggests that our work has 
the potential to transform other suboptimal ASO drugs into more effective therapeutics. 25 
The modular nature of this technology opens exciting possibilities for future applications. By demonstrating that small 
molecules can be potent effectors of ASO cellular compartmentalization and thus, functionality, we pave the way for the 
development of advanced therapeutic strategies through small molecule conjugation. The integration of small molecules to 
manipulate cellular environments and target sites offers a promising approach to enhance therapeutic outcomes. Our work 
aligns with the burgeoning field of bi-functional molecules, which combines distinct functionalities into a single entity.28 This 30 
intersection with bi-functional technologies allows our approach to be integrated into the broader context of therapeutic 
innovation, by leveraging the synergies between small-molecule ligands and nucleic acid-based therapeutics. 
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In summary, our study provides a compelling demonstration of how small molecules can be harnessed to enhance ASO 
activity in multiple mechanisms of action, through improved nuclear localization. The modular nature of this technology, 
combined with its compatibility with emerging bi-functional modalities, positions it as a promising platform for future 
therapeutic advancements. 
 5 
References 
(1) Egli, M.; Manoharan, M. Chemistry, structure and function of approved oligonucleotide therapeutics. Nucleic Acids Res 
2023, 51 (6), 2529-2573. DOI: 10.1093/nar/gkad067. 
(2) Crooke, S. T.; Liang, X. H.; Baker, B. F.; Crooke, R. M. Antisense technology: A review. J Biol Chem 2021, 296, 100416. 
DOI: 10.1016/j.jbc.2021.100416. 10 
(3) Crooke, S. T. Molecular Mechanisms of Antisense Oligonucleotides. Nucleic Acid Ther 2017, 27 (2), 70-77. DOI: 
10.1089/nat.2016.0656. 
(4) Crooke, S. T.; Wang, S.; Vickers, T. A.; Shen, W.; Liang, X. H. Cellular uptake and trafficking of antisense 
oligonucleotides. Nat Biotechnol 2017, 35 (3), 230-237. DOI: 10.1038/nbt.3779. 
(5) Juliano, R. L.; Ming, X.; Nakagawa, O. Cellular Uptake and Intracellular Trafficking of Antisense and siRNA 15 
Oligonucleotides. Bioconjugate Chemistry 2012, 23 (2), 147-157. DOI: 10.1021/bc200377d. 
(6) Nakagawa, O.; Ming, X.; Huang, L.; Juliano, R. L. Targeted intracellular delivery of antisense oligonucleotides via 
conjugation with small-molecule ligands. J Am Chem Soc 2010, 132 (26), 8848-8849. DOI: 10.1021/ja102635c. 
(7) Lakhin, A. V.; Tarantul, V. Z.; Gening, L. V. Aptamers: problems, solutions and prospects. Acta Naturae 2013, 5 (4), 34-
43. 20 
(8) Klabenkova, K.; Fokina, A.; Stetsenko, D. Chemistry of Peptide-Oligonucleotide Conjugates: A Review. Molecules 2021, 
26 (17). DOI: 10.3390/molecules26175420. 
(9) Makanai, H.; Nishihara, T.; Nishikawa, M.; Tanabe, K. Hoechst-Modification on Oligodeoxynucleotides for Efficient 
Transport to the Cell Nucleus and Gene Regulation. Chembiochem 2024, 25 (3), e202300645. DOI: 10.1002/cbic.202300645. 
(10) Kotula, J. W.; Pratico, E. D.; Ming, X.; Nakagawa, O.; Juliano, R. L.; Sullenger, B. A. Aptamer-mediated delivery of 25 
splice-switching oligonucleotides to the nuclei of cancer cells. Nucleic Acid Ther 2012, 22 (3), 187-195. DOI: 
10.1089/nat.2012.0347. 
(11) Turner, J. J.; Ivanova, G. D.; Verbeure, B.; Williams, D.; Arzumanov, A. A.; Abes, S.; Lebleu, B.; Gait, M. J. Cell-
penetrating peptide conjugates of peptide nucleic acids (PNA) as inhibitors of HIV-1 Tat-dependent trans -activation in 
cells. Nucleic Acids Research 2005, 33 (21), 6837-6849. DOI: 10.1093/nar/gki991 30 
(12) Hill, A. C.; Becker, J. P.; Slominski, D.; Halloy, F.; Søndergaard, C.; Ravn, J.; Hall, J. Peptide Conjugates of a 2′-O-
Methoxyethyl Phosphorothioate Splice-Switching Oligonucleotide Show Increased Entrapment in Endosomes. ACS Omega 
2023, 8 (43), 40463-40481. DOI: 10.1021/acsomega.3c05144. 
(13) Gibson, W. J.; Sadagopan, A.; Shoba, V. M.; Choudhary, A.; Meyerson, M.; Schreiber, S. L. Bifunctional Small Molecules 
That Induce Nuclear Localization and Targeted Transcriptional Regulation. Journal of the American Chemical Society 2023, 145 35 
(48), 26028-26037. DOI: 10.1021/jacs.3c06179. 
(14) Filippakopoulos, P.; Qi, J.; Picaud, S.; Shen, Y.; Smith, W. B.; Fedorov, O.; Morse, E. M.; Keates, T.; Hickman, T. T.; 
Felletar, I.; et al. Selective inhibition of BET bromodomains. Nature 2010, 468 (7327), 1067-1073. DOI: 10.1038/nature09504  
(15) Altendorfer, E.; Mochalova, Y.; Mayer, A. BRD4: a general regulator of transcription elongation. Transcription 2022, 13 
(1-3), 70-81. DOI: 10.1080/21541264.2022.2108302  40 
(16) Cheung, K. L.; Kim, C.; Zhou, M. M. The Functions of BET Proteins in Gene Transcription of Biology and Diseases. 
Front Mol Biosci 2021, 8, 728777. DOI: 10.3389/fmolb.2021.728777 
(17) Donati, B.; Lorenzini, E.; Ciarrocchi, A. BRD4 and Cancer: going beyond transcriptional regulation. Molecular Cancer 
2018, 17 (1), 164. DOI: 10.1186/s12943-018-0915-9. 
(18) Kotekar, A.; Singh, A. K.; Devaiah, B. N. BRD4 and MYC: power couple in transcription and disease. Febs j 2023, 290 45 
(20), 4820-4842. DOI: 10.1111/febs.16580 
(19) Kang, S. H.; Cho, M. J.; Kole, R. Up-regulation of luciferase gene expression with antisense oligonucleotides: 
implications and applications in functional assay development. Biochemistry 1998, 37 (18), 6235-6239. DOI: 
10.1021/bi980300h. 
(20) Liang, X. H.; Sun, H.; Nichols, J. G.; Crooke, S. T. RNase H1-Dependent Antisense Oligonucleotides Are Robustly 50 
Active in Directing RNA Cleavage in Both the Cytoplasm and the Nucleus. Mol Ther 2017, 25 (9), 2075-2092. DOI: 
10.1016/j.ymthe.2017.06.002. 
(21) Yoshimoto, R.; Mayeda, A.; Yoshida, M.; Nakagawa, S. MALAT1 long non-coding RNA in cancer. Biochim Biophys Acta 
2016, 1859 (1), 192-199. DOI: 10.1016/j.bbagrm.2015.09.012 
(22) Bhat, A. A.; Afzal, O.; Afzal, M.; Gupta, G.; Thapa, R.; Ali, H.; Hassan Almalki, W.; Kazmi, I.; Alzarea, S. I.; Saleem, S.; 55 
et al. MALAT1: A key regulator in lung cancer pathogenesis and therapeutic targeting. Pathol Res Pract 2024, 253, 154991. 
DOI: 10.1016/j.prp.2023.154991. 
(23) Monia, B. P.; Lesnik, E. A.; Gonzalez, C.; Lima, W. F.; McGee, D.; Guinosso, C. J.; Kawasaki, A. M.; Cook, P. D.; 
Freier, S. M. Evaluation of 2'-modified oligonucleotides containing 2'-deoxy gaps as antisense inhibitors of gene expression. 
J Biol Chem 1993, 268 (19), 14514-14522. 60 

https://doi.org/10.26434/chemrxiv-2024-p6q7p ORCID: https://orcid.org/0000-0002-4224-798X Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-p6q7p
https://orcid.org/0000-0002-4224-798X
https://creativecommons.org/licenses/by/4.0/


 8 

(24) Cheson, B. D. Oblimersen for the treatment of patients with chronic lymphocytic leukemia. Ther Clin Risk Manag 2007, 
3 (5), 855-870.. 
(25) Qian, S.; Wei, Z.; Yang, W.; Huang, J.; Yang, Y.; Wang, J. The role of BCL-2 family proteins in regulating apoptosis and 
cancer therapy. Front Oncol 2022, 12, 985363. DOI: 10.3389/fonc.2022.985363  From NLM. 
(26) Frantz, S. Lessons learnt from Genasense's failure. Nature Reviews Drug Discovery 2004, 3 (7), 542-542. DOI: 5 
10.1038/nrd1464. 
(27) Walker, A. R.; Marcucci, G.; Yin, J.; Blum, W.; Stock, W.; Kohlschmidt, J.; Mrózek, K.; Carroll, A. J.; Eisfeld, A. K.; 
Wang, E. S.; et al. Phase 3 randomized trial of chemotherapy with or without oblimersen in older AML patients: CALGB 
10201 (Alliance). Blood Adv 2021, 5 (13), 2775-2787. DOI: 10.1182/bloodadvances.2021004233. 
(28) Schreiber, S. L. Molecular glues and bifunctional compounds: Therapeutic modalities based on induced proximity. Cell 10 
Chemical Biology 2024, 31 (6), 1050-1063. DOI: 10.1016/j.chembiol.2024.05.004. 
 
Acknowledgements 
The authors thank Matthew Wood for providing the HeLa pLuc 705 cell line used in the first part of this study. We also 
thank Ian Stansfield for helpful discussions and Sritama Bose for critically reading the manuscript. D.K. is supported by 15 
the Wellcome Trust, Grant Number: 218514/Z/19/Z, Merck Sharp and Dohme Corp. and Janssen Pharmaceutica NV. 
T.A.M. is supported by the Medical Research Council (MRC, UK) Molecular Haematology Unit grant MC UU 00029/6. 
M.J.B. is supported by a Royal Society University Research Fellowship (URF\R\231007) and the Engineering and Physical 
Sciences Research Council (EP/V030434/2). 
 20 
Author Contribution 
D.K., T.A.M., and M.J.B. designed the project. D.K. designed, performed, and analysed the experiments, with contributions 
from T.M. and M.J.B. All authors wrote the paper. 
 
Conflicts of interest 25 
T.A.M. is a shareholder and consultant for Dark Blue Therapeutics. D.K. and M.J.B. declare no conflict of interest. 
 
Data availability 
All the data generated in this study are available within the article, the supplementary information, and figures. Source data 
will be made available on Zenodo upon acceptance of the manuscript. 30 
 
Supplementary Information 
Materials and Methods and Supplementary Figs. 1-12. 

https://doi.org/10.26434/chemrxiv-2024-p6q7p ORCID: https://orcid.org/0000-0002-4224-798X Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-p6q7p
https://orcid.org/0000-0002-4224-798X
https://creativecommons.org/licenses/by/4.0/

