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ABSTRACT: Proteolysis targeting chimeras (PROTACs) are a
family of heterobifunctional molecules that are now realizing their
promise as a therapeutic strategy for targeted protein degradation.
However, one limitation of existing designs is the lack of cell-
selective targeting of the protein degrading payload. This
manuscript reports a cell-targeted approach to degrade receptor-
interacting serine/threonine-protein kinase 2 (RIPK2) in HER2+
cell lines. An antibody-PROTAC conjugate is prepared containing
a protease-cleavable linkage between the antibody and the
corresponding degrader. Potent RIPK2 degradation is observed
in HER2+ cell lines, whereas an equivalent anti-IL4 antibody-
PROTAC conjugate shows no degradation at therapeutically
relevant concentrations. No RIPK2 degradation was observed in
HER2− cell lines for both bioconjugates. This work demonstrates the potential for the cell-selective delivery of PROTAC scaffolds
by engaging with signature extracellular proteins expressed on the surface of particular cell types.

Proteolysis targeting chimeras (PROTACs) are heterobifunc-
tional molecules that selectively degrade a protein of interest
(POI).1,2 The mechanism of action (MoA) of PROTACs
proceeds via the formation of a ternary complex with a POI
and an E3 ligase, which then induces a proximity-induced
ubiquitination of the POI on a surface lysine and subsequent
degradation by the ubiquitin−proteasome pathway.3,4 A
hallmark of these protein degraders is the catalytic nature of
degradation,5 which enables recycling of the PROTAC after
dissociation from the ternary complex. This unique MoA
results in a longer-lasting pharmacological effect relative to
conventional noncovalent inhibition,6 enabling lower dosages
for their application in vivo.7−9 A further advantage of
PROTACs over conventional inhibitor strategies is the need
to engage the POI ultimately for degradation rather than a
modulation of protein function by stoichiometric interaction
with a small molecule.10

At present, one major limitation of the application of
PROTACs is their lack of cell selectivity and variable levels of
cell permeability,11 which is reflected in their suboptimal
pharmacokinetic properties.12,13 Incorporating a cell-targeting
module into PROTAC designs has the potential to deliver the
PROTAC cargo to the desirable cell type(s) and subsequently
minimize off-target toxicity (Figure 1A).

An emerging platform for the cell-selective delivery of
PROTACs is their conjugation to an antibody (Ab).14 Ab-drug

conjugates (ADCs) combine the ability to selectively deliver a
molecular payload, such as a PROTAC, to specific cell types,
thereby bypassing the need for extensive optimization of the
cell uptake properties to the PROTAC scaffold (Figure 1B).
While Ab-PROTACs have been developed for the cell-selective
degradation of BRD4 and ERα,15−17 the impact of how the
linkage chemistry (i.e., cleavable vs noncleavable), drug
accumulation into a target cell type, and the diversity of POI
can be targeted by Ab conjugation is still in its infancy. Herein,
we expand the scope of Ab-PROTAC conjugates by
demonstrating the cell-selective and targeted degradation of
serine- and threonine-protein kinase 2 (RIPK2) in HER2+ cell
lines (Figure 1C).

We selected a RIPK2 PROTAC 14 and an anti-HER2
monoclonal antibody (mAb), trastuzumab,18 as our model
system to demonstrate selective RIPK2 degradation in HER2+
cells only. Dysregulation of RIPK2-mediated pathways is
associated with inflammatory bowel disease,19 severe pulmo-
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Figure 1. (A) General structure and characteristics of a PROTAC and ADCs. (B) Exemplar development of Ab-PROTAC conjugates. (C) Our
approach: RIP2K degrading Ab-PROTAC conjugates incorporating a cleavable linkage. Gray: dibromopyridazinedione (diBrPD) conjugation
motif; blue: VC-PAB linker; green: RIPK2 PROTAC. Red star indicates payload.

Figure 2. Deconvoluted mass spectrum of anti-HER2 ADC-2. Unmodified mAb = 147,990 Da. Calculated DAR 4 = 154,714 Da, found 154,724
(error 10 Da). Calculated half-body (HB) DAR 2 = 77,357 Da; found 77,361 (error 4 Da). G0F and G1F correspond to glycan modifications on
the mAb.29 Red stars indicate payload.
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nary sarcoidosis,20 multiple sclerosis,21 and cancer.22 We
hypothesized that the ability to degrade RIPK2 only in cells
that express cancer biomarkers would provide the basis for cell-
selective targeting.

Our design approach involved covalently linking a RIPK2
PROTAC to each Ab scaffold via a disulfide rebridging reagent
(dibromopyridazinedione, diBrPD).23−25 This approach en-
abled attachment of the PROTAC linkage to a precise site on
the Ab scaffold, i.e., at the interchain cysteines.26 The diBrPD
warhead was coupled to the PROTAC via a protease cleavable
valine-citrulline-para-aminobenzyl-alcohol (VC-PAB) linker.27

A second antibody, anti-IL-4 pascolizumab, was also selected
as a negative control.28 A terminal alkyne was incorporated
onto the second nitrogen of the diBrPD to act as a flexible
handle for potential downstream functionalization.

The RIPK2 PROTAC 1 was attached to the VC-PAB S6 via
a carbonate linkage, which was then linked to the diBrPD by
an amide bond (Scheme S3). Conjugation to the anti-HER2
mAb, trastuzumab, was achieved by reduction of the interchain
disulfides by TCEP followed by addition of the diBrPD
rebridging reagent S10 to form conjugate ADC-2, which
identified a drug-to-Ab ratio (DAR) of 4.0 (Figure 2). These
exist as an interchain bridged species and an intrachain “half-
body” (HB) species, where the cysteines have bridged within a
single heavy chain. The control anti-IL-4 ADC-3 was
synthesized in a similar manner, which resulted in a DAR of
3.7.

RIPK2 degradation using ADC-2 and ADC-3 was assessed
in a SKOV3 HER2+ ovarian cancer cell line. The anti-HER2
ADC-2 showed similar levels of RIPK2 degradation compared
to the parent PROTAC, whereas the anti-IL-4 ADC-3 showed

Figure 3. RIPK2 degradation of PROTAC 1, ADC-2, and ADC-3 in SKOV3 cells. (A) Western blot analysis after 16 h of incubation. (B) Western
blot analysis after 6 h of incubation. (C) Western blot analysis after a 1 h pretreatment with 10 μM MG132 followed by a 16 h cotreatment with
PROTAC 1, ADC-2, or ADC-3. (D) CellTiter-Glo cell viability assay carried out in SKOV3 cells following a 16 h incubation with PROTAC 1,
ADC-2, or ADC-3 (mean ±95% CI, n = 3). Concentrations shown indicate the concentration of the drug following DAR normalization for the
ADCs.
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no degradation at 10 nM. An unexpected observation was
RIPK2 degradation using ADC-3 at concentrations above 100
nM (Figure 3A and quantification in Figure S1). As the
SKOV3 cells do not have membrane-bound IL-4, we
rationalized that the observed degradation might be due to
nonspecific uptake mechanisms, such as macropinocytosis.30

Shortening of the incubation time (6 h) resulted in less
RIPK2 degradation by ADC-2 compared to that of PROTAC
1 alone (Figure 3B and quantification in Figure S2). We
surmise that this is due to the uptake and release of the
PROTAC from the conjugate slowing down the initial rate of
degradation. To confirm that RIPK2 degradation occurred via
the ubiquitin−proteasome pathway, SKOV3 cells were treated
with PROTAC 1, ADC-2, or ADC-3 in the presence of 10 μM
MG132, a known proteasome inhibitor.31 No degradation was
observed for all compounds, confirming that degradation
occurs via a proteasome-dependent pathway (Figure 3C). No
cytotoxicity was observed up to 1 μM for both ADC-1 and
ADC-2 (Figure 3D). To rule out the instability of the linker
causing premature release of PROTAC, carbonate S8 was
subjected to conditions similar to those of the cellular assays,
with minimal PROTAC release observed after a 16 h
incubation at 37 °C (Figure S6). Intact MS analysis of
ADC-2 after 275 days of storage in pH 7.4 PBS at 4 °C also
revealed no degradation of the conjugate (Figure S7).

Cell-selective targeting of ADC-2 and ADC-3 was then
tested in a HEK293 HER2− cell line using a HiBiT assay. Both
ADC-2 and ADC-3 exhibited RIPK2 degradation at higher
concentrations, with a more prominent effect as the
concentration exceeded 100 nM. This agrees with the fact
that the similar degradation observed in SKOV3 cells is likely
due to nonspecific uptake. Most importantly, no degradation
was observed at 10 nM for both conjugates compared to 50%

degradation when PROTAC 1 was used (Figure 4A). Again,
no cytotoxicity was observed for all compounds (Figure 4B).

In summary, we have demonstrated the cell-selective
degradation of RIPK2 in HER2+ SKOV3 cells using an Ab-
PROTAC conjugate. This approach complements ADC
developments and provides a design strategy to use PROTACs,
which have suboptimal physicochemical properties or where
cell-selective delivery of the PROTAC payload is required.

■ ASSOCIATED CONTENT
*sı Supporting Information
The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366.

Experimental procedures and compound analysis by
LCMS and NMR spectroscopy, conjugation and assay
methods, and additional data analysis (PDF)

■ AUTHOR INFORMATION
Corresponding Author

Glenn A. Burley − Department of Pure and Applied
Chemistry, University of Strathclyde, Glasgow G1 1XL,
United Kingdom; orcid.org/0000-0002-4896-113X;
Email: glenn.burley@strath.ac.uk

Authors
Karina Chan − GSK, Gunnels Wood Road, Stevenage,
Hertfordshire SG1 2NY, United Kingdom; Department of
Pure and Applied Chemistry, University of Strathclyde,
Glasgow G1 1XL, United Kingdom

Preethi Soundarya Sathyamurthi − GSK, Gunnels Wood
Road, Stevenage, Hertfordshire SG1 2NY, United Kingdom

Figure 4. (A) RIPK2 levels in a RIPK2 HiBiT HEK293 cell line after a 16 h incubation with PROTAC 1, ADC-2, or ADC-3. RIPK2 levels
determined using the Promega Nano-Glo HiBiT Lytic detection system (mean ±95% CI, n = 3). (B) CellTiter-Glo cell viability assay carried out in
HEK293 cells following a 16 h incubation with PROTAC 1, ADC-2, or ADC-3 (mean ±95% CI, n = 3). Concentrations shown indicate the
concentration of the drug following DAR normalization for the ADCs.

Bioconjugate Chemistry pubs.acs.org/bc Article

https://doi.org/10.1021/acs.bioconjchem.3c00366
Bioconjugate Chem. 2023, 34, 2049−2054

2052

https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.3c00366/suppl_file/bc3c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.3c00366/suppl_file/bc3c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.3c00366/suppl_file/bc3c00366_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.3c00366/suppl_file/bc3c00366_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acs.bioconjchem.3c00366/suppl_file/bc3c00366_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Glenn+A.+Burley"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-4896-113X
mailto:glenn.burley@strath.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Karina+Chan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Preethi+Soundarya+Sathyamurthi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Markus+A.+Queisser"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?fig=fig4&ref=pdf
pubs.acs.org/bc?ref=pdf
https://doi.org/10.1021/acs.bioconjchem.3c00366?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Markus A. Queisser − GSK, Gunnels Wood Road, Stevenage,
Hertfordshire SG1 2NY, United Kingdom; orcid.org/
0000-0002-3368-3827

Michael Mullin − GSK, Gunnels Wood Road, Stevenage,
Hertfordshire SG1 2NY, United Kingdom

Harry Shrives − GSK, Gunnels Wood Road, Stevenage,
Hertfordshire SG1 2NY, United Kingdom

Diane M. Coe − GSK, Gunnels Wood Road, Stevenage,
Hertfordshire SG1 2NY, United Kingdom

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.bioconjchem.3c00366

Notes
The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The authors thank GSK and the University of Strathclyde
Collaborative PhD Program in Synthetic Organic and
Medicinal Chemistry for funding and scientific resources as
well as the EPSRC for funding via Prosperity Partnership EP/
S035990/1.

■ REFERENCES
(1) Békés, M.; Langley, D. R.; Crews, C. M. PROTAC targeted

protein degraders: the past is prologue. Nat. Rev. Drug Discovery 2022,
21 (3), 181−200.
(2) Diehl, C. J.; Ciulli, A. Discovery of small molecule ligands for the

von Hippel-Lindau (VHL) E3 ligase and their use as inhibitors and
PROTAC degraders. Chem. Soc. Rev. 2022, 51 (19), 8216−8257.
(3) Sakamoto, K. M.; Kim, K. B.; Kumagai, A.; Mercurio, F.; Crews,

C. M.; Deshaies, R. J. PROTACs: chimeric molecules that target
proteins to the Skp1-Cullin-F box complex for ubiquitination and
degradation. Proc. Natl. Acad. Sci. U. S. A. 2001, 98 (15), 8554−8559.
(4) Bondeson, D. P.; Mares, A.; Smith, I. E. D.; Ko, E.; Campos, S.;

Miah, A. H.; Mulholland, K. E.; Routly, N.; Buckley, D. L.; Gustafson,
J. L.; Zinn, N.; Grandi, P.; Shimamura, S.; Bergamini, G.; Faelth-
Savitski, M.; Bantscheff, M.; Cox, C.; Gordon, D. A.; Willard, R. R.;
Flanagan, J. J.; Casillas, L. N.; Votta, B. J.; den Besten, W.; Famm, K.;
Kruidenier, L.; Carter, P. S.; Harling, J. D.; Churcher, I.; Crews, C. M.
Catalytic in vivo protein knockdown by small-molecule PROTACs.
Nat. Chem. Biol. 2015, 11 (8), 611−617.
(5) Yan, J.; Li, T.; Miao, Z.; Wang, P.; Sheng, C.; Zhuang, C.

Homobivalent, Trivalent, and Covalent PROTACs: Emerging
Strategies for Protein Degradation. J. Med. Chem. 2022, 65 (13),
8798−8827.
(6) Nemec, V.; Schwalm, M. P.; Muller, S.; Knapp, S. PROTAC

degraders as chemical probes for studying target biology and target
validation. Chem. Soc. Rev. 2022, 51 (18), 7971−7993.
(7) Burslem, G. M.; Smith, B. E.; Lai, A. C.; Jaime-Figueroa, S.;

McQuaid, D. C.; Bondeson, D. P.; Toure, M.; Dong, H. Q.; Qian, Y.
M.; Wang, J.; Crew, A. P.; Hines, J.; Crews, C. M. The Advantages of
Targeted Protein Degradation Over Inhibition: An RTK Case Study.
Cell Chem. Biol. 2018, 25 (1), 67−77.
(8) Tinworth, C. P.; Lithgow, H.; Dittus, L.; Bassi, Z. I.; Hughes, S.

E.; Muelbaier, M.; Dai, H.; Smith, I. E. D.; Kerr, W. J.; Burley, G. A.;
Bantscheff, M.; Harling, J. D. PROTAC-Mediated Degradation of
Bruton’s Tyrosine Kinase Is Inhibited by Covalent Binding. ACS
Chem. Biol. 2019, 14 (3), 342−347.
(9) Schneider, M.; Radoux, C. J.; Hercules, A.; Ochoa, D.; Dunham,

I.; Zalmas, L.-P.; Hessler, G.; Ruf, S.; Shanmugasundaram, V.; Hann,
M. M.; Thomas, P. J.; Queisser, M. A.; Benowitz, A. B.; Brown, K.;
Leach, A. R. The PROTACtable genome. Nat. Rev. Drug Discovery
2021, 20, 789−797.
(10) Shimokawa, K.; Shibata, N.; Sameshima, T.; Miyamoto, N.;

Ujikawa, O.; Nara, H.; Ohoka, N.; Hattori, T.; Cho, N.; Naito, M.
Targeting the Allosteric Site of Oncoprotein BCR-ABL as an

Alternative Strategy for Effective Target Protein Degradation. ACS
Med. Chem. Lett. 2017, 8 (10), 1042−1047.
(11) Yokoo, H.; Naito, M.; Demizu, Y. Investigating the cell

permeability of proteolysis-targeting chimeras (PROTACs). Expert.
Opin. Drug Discovery 2023, 18 (4), 357−361.
(12) Benowitz, A. B.; Scott-Stevens, P. T.; Harling, J. D. Challenges

and opportunities for in vivo PROTAC delivery. Future Med. Chem.
2022, 14 (3), 119−121.
(13) Guenette, R. G.; Yang, S. W.; Min, J.; Pei, B.; Potts, P. R. Target

and tissue selectivity of PROTAC degraders. Chem. Soc. Rev. 2022, 51
(14), 5740−5756.
(14) Dragovich, P. S. Degrader-antibody conjugates. Chem. Soc. Rev.
2022, 51 (10), 3886−3897.
(15) Dragovich, P. S.; Pillow, T. H.; Blake, R. A.; Sadowsky, J. D.;

Adaligil, E.; Adhikari, P.; Chen, J. H.; Corr, N.; Dela Cruz-Chuh, J.;
Del Rosario, G.; Fullerton, A.; Hartman, S. J.; Jiang, F.; Kaufman, S.;
Kleinheinz, T.; Kozak, K. R.; Liu, L. L.; Lu, Y.; Mulvihill, M. M.;
Murray, J. M.; O’Donohue, A.; Rowntree, R. K.; Sawyer, W. S.;
Staben, L. R.; Wai, J.; Wang, J.; Wei, B. Q.; Wei, W. T.; Xu, Z. J.; Yao,
H.; Yu, S. F.; Zhang, D. L.; Zhang, H. Y.; Zhang, S. H.; Zhao, Y. X.;
Zhou, H.; Zhu, X. Y. Antibody-Mediated Delivery of Chimeric BRD4
degraders. Part 2: Improvement of In Vitro Antiproliferation Activity
and In Vivo Antitumor Efficacy. J. Med. Chem. 2021, 64 (5), 2576−
2607.
(16) Dragovich, P. S.; Adhikari, P.; Blake, R. A.; Blaquiere, N.; Chen,

J.; Cheng, Y. X.; den Besten, W.; Han, J.; Hartman, S. J.; He, J.; He,
M.; Rei Ingalla, E.; Kamath, A. V.; Kleinheinz, T.; Lai, T.; Leipold, D.
D.; Li, C. S.; Liu, Q.; Lu, J.; Lu, Y.; Meng, F.; Meng, L.; Ng, C.; Peng,
K.; Lewis Phillips, G.; Pillow, T. H.; Rowntree, R. K.; Sadowsky, J. D.;
Sampath, D.; Staben, L.; Staben, S. T.; Wai, J.; Wan, K.; Wang, X.;
Wei, B.; Wertz, I. E.; Xin, J.; Xu, K.; Yao, H.; Zang, R.; Zhang, D.;
Zhou, H.; Zhao, Y. Antibody-mediated delivery of chimeric protein
degraders which target estrogen receptor alpha (ERα). Bioorg. Med.
Chem. Lett. 2020, 30 (4), No. 126907.
(17) Maneiro, M. a.; Forte, N.; Shchepinova, M. M.; Kounde, C. S.;

Chudasama, V.; Baker, J. R.; Tate, E. W. Antibody−PROTAC
Conjugates Enable HER2-Dependent Targeted Protein Degradation
of BRD4. ACS Chem. Biol. 2020, 15 (6), 1306−1312.
(18) Vu, T.; Claret, F. X. Trastuzumab: Updated Mechanisms of

Action and Resistance in Breast Cancer. Front. Oncol. 2012, 2, 62.
(19) Biswas, A.; Liu, Y.-J.; Hao, L.; Mizoguchi, A.; Salzman, N. H.;

Bevins, C. L.; Kobayashi, K. S. Induction and rescue of Nod2-
dependent Th1-driven granulomatous inflammation of the ileum.
Proc. Natl. Acad. Sci. U. S. A. 2010, 107 (33), 14739−14744.
(20) Sato, H.; Williams, H. R. T.; Spagnolo, P.; Abdallah, A.; Ahmad,

T.; Orchard, T. R.; Copley, S. J.; Desai, S. R.; Wells, A. U.; Bois, R. M.
d.; Welsh, K. I. CARD15/NOD2 polymorphisms are associated with
severe pulmonary sarcoidosis. Eur. Respir. J. 2010, 35 (2), 324−330.
(21) Shaw, P. J.; Barr, M. J.; Lukens, J. R.; McGargill, M. A.; Chi, H.;

Mak, T. W.; Kanneganti, T.-D. Signaling via the RIP2 Adaptor Protein
in Central Nervous System-Infiltrating Dendritic Cells Promotes
Inflammation and Autoimmunity. Immunity 2011, 34 (1), 75−84.
(22) Haile, P. A.; Votta, B. J.; Marquis, R. W.; Bury, M. J.;

Mehlmann, J. F.; Singhaus, R., Jr.; Charnley, A. K.; Lakdawala, A. S.;
Convery, M. A.; Lipshutz, D. B.; Desai, B. M.; Swift, B.; Capriotti, C.
A.; Berger, S. B.; Mahajan, M. K.; Reilly, M. A.; Rivera, E. J.; Sun, H.
H.; Nagilla, R.; Beal, A. M.; Finger, J. N.; Cook, M. N.; King, B. W.;
Ouellette, M. T.; Totoritis, R. D.; Pierdomenico, M.; Negroni, A.;
Stronati, L.; Cucchiara, S.; Ziółkowski, B.; Vossenkämper, A.;
MacDonald, T. T.; Gough, P. J.; Bertin, J.; Casillas, L. N. The
Identification and Pharmacological Characterization of 6-(tert-
Butylsulfonyl)-N-(5-fluoro-1H-indazol-3-yl)quinolin-4-amine
(GSK583), a Highly Potent and Selective Inhibitor of RIP2 Kinase. J.
Med. Chem. 2016, 59 (10), 4867−4880.
(23) Maruani, A.; Smith, M. E. B.; Miranda, E.; Chester, K. A.;

Chudasama, V.; Caddick, S. A plug-and-play approach to antibody-
based therapeutics via a chemoselective dual click strategy. Nat.
Commun. 2015, 6, 6645.

Bioconjugate Chemistry pubs.acs.org/bc Article

https://doi.org/10.1021/acs.bioconjchem.3c00366
Bioconjugate Chem. 2023, 34, 2049−2054

2053

https://orcid.org/0000-0002-3368-3827
https://orcid.org/0000-0002-3368-3827
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Michael+Mullin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Harry+Shrives"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Diane+M.+Coe"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.bioconjchem.3c00366?ref=pdf
https://doi.org/10.1038/s41573-021-00371-6
https://doi.org/10.1038/s41573-021-00371-6
https://doi.org/10.1039/D2CS00387B
https://doi.org/10.1039/D2CS00387B
https://doi.org/10.1039/D2CS00387B
https://doi.org/10.1073/pnas.141230798
https://doi.org/10.1073/pnas.141230798
https://doi.org/10.1073/pnas.141230798
https://doi.org/10.1038/nchembio.1858
https://doi.org/10.1021/acs.jmedchem.2c00728?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.2c00728?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2CS00478J
https://doi.org/10.1039/D2CS00478J
https://doi.org/10.1039/D2CS00478J
https://doi.org/10.1016/j.chembiol.2017.09.009
https://doi.org/10.1016/j.chembiol.2017.09.009
https://doi.org/10.1021/acschembio.8b01094?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acschembio.8b01094?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/s41573-021-00245-x
https://doi.org/10.1021/acsmedchemlett.7b00247?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acsmedchemlett.7b00247?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1080/17460441.2023.2187047
https://doi.org/10.1080/17460441.2023.2187047
https://doi.org/10.4155/fmc-2021-0223
https://doi.org/10.4155/fmc-2021-0223
https://doi.org/10.1039/D2CS00200K
https://doi.org/10.1039/D2CS00200K
https://doi.org/10.1039/D2CS00141A
https://doi.org/10.1021/acs.jmedchem.0c01846?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.0c01846?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.0c01846?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2019.126907
https://doi.org/10.1016/j.bmcl.2019.126907
https://doi.org/10.1021/acschembio.0c00285?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acschembio.0c00285?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acschembio.0c00285?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.3389/fonc.2012.00062
https://doi.org/10.3389/fonc.2012.00062
https://doi.org/10.1073/pnas.1003363107
https://doi.org/10.1073/pnas.1003363107
https://doi.org/10.1183/09031936.00010209
https://doi.org/10.1183/09031936.00010209
https://doi.org/10.1016/j.immuni.2010.12.015
https://doi.org/10.1016/j.immuni.2010.12.015
https://doi.org/10.1016/j.immuni.2010.12.015
https://doi.org/10.1021/acs.jmedchem.6b00211?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.6b00211?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.6b00211?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.jmedchem.6b00211?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1038/ncomms7645
https://doi.org/10.1038/ncomms7645
pubs.acs.org/bc?ref=pdf
https://doi.org/10.1021/acs.bioconjchem.3c00366?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(24) Bahou, C.; Chudasama, V. The use of bromopyridazinedione
derivatives in chemical biology. Org. Biomol. Chem. 2022, 20 (30),
5879−5890.
(25) Bahou, C.; Richards, D. A.; Maruani, A.; Love, E. A.; Javaid, F.;

Caddick, S.; Baker, J. R.; Chudasama, V. Highly homogeneous
antibody modification through optimization of the synthesis and
conjugation of functionalised dibromopyridazinediones. Org. Biomol.
Chem. 2018, 16 (8), 1359−1366.
(26) Chudasama, V.; Maruani, A.; Caddick, S. Recent advances in

the construction of antibody−drug conjugates. Nat. Chem. 2016, 8
(2), 114−119.
(27) Dubowchik, G. M.; Firestone, R. A.; Padilla, L.; Willner, D.;

Hofstead, S. J.; Mosure, K.; Knipe, J. O.; Lasch, S. J.; Trail, P. A.
Cathepsin B-Labile Dipeptide Linkers for Lysosomal Release of
Doxorubicin from Internalizing Immunoconjugates: Model Studies of
Enzymatic Drug Release and Antigen-Specific In Vitro Anticancer
Activity. Bioconjugate Chem. 2002, 13 (4), 855−869.
(28) Hart, T. K.; Blackburn, M. N.; Brigham-Burke, M.; Dede, K.;

Al-Mahdi, N.; Zia-Amirhosseini, P.; Cook, R. M. Preclinical efficacy
and safety of pascolizumab (SB 240683): a humanized anti-
interleukin-4 antibody with therapeutic potential in asthma. Clin.
Exp. Immunol. 2002, 130 (1), 93−100.
(29) Yang, X.; Bartlett, M. G. Glycan analysis for protein

therapeutics. J. Chromatogr. B 2019, 1120, 29−40.
(30) Commisso, C. The pervasiveness of macropinocytosis in

oncological malignancies. Philos. Trans. R. Soc. London B 2019, 374
(1765), 20180153.
(31) Lu, J.; Qian, Y. M.; Altieri, M.; Dong, H. Q.; Wang, J.; Raina,

K.; Hines, J.; Winkler, J. D.; Crew, A. P.; Coleman, K.; Crews, C. M.
Hijacking the E3 ubiquitin ligase Cereblon to Efficiently Target
BRD4. Chem. Biol. 2015, 22 (6), 755−763.

Bioconjugate Chemistry pubs.acs.org/bc Article

https://doi.org/10.1021/acs.bioconjchem.3c00366
Bioconjugate Chem. 2023, 34, 2049−2054

2054

https://doi.org/10.1039/D2OB00310D
https://doi.org/10.1039/D2OB00310D
https://doi.org/10.1039/C7OB03138F
https://doi.org/10.1039/C7OB03138F
https://doi.org/10.1039/C7OB03138F
https://doi.org/10.1038/nchem.2415
https://doi.org/10.1038/nchem.2415
https://doi.org/10.1021/bc025536j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bc025536j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bc025536j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/bc025536j?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1046/j.1365-2249.2002.01973.x
https://doi.org/10.1046/j.1365-2249.2002.01973.x
https://doi.org/10.1046/j.1365-2249.2002.01973.x
https://doi.org/10.1016/j.jchromb.2019.04.031
https://doi.org/10.1016/j.jchromb.2019.04.031
https://doi.org/10.1098/rstb.2018.0153
https://doi.org/10.1098/rstb.2018.0153
https://doi.org/10.1016/j.chembiol.2015.05.009
https://doi.org/10.1016/j.chembiol.2015.05.009
pubs.acs.org/bc?ref=pdf
https://doi.org/10.1021/acs.bioconjchem.3c00366?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

