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Benchmarking MSD Assays for Quantifying Exon 1 Mutant Huntingtin Following Pharmacological 
Inhibition of UBE2K
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ABSTRACT
The accumulation of the aggregation-prone exon 1 huntingtin (Htt) protein with expanded polyglutamine (polyQ) repeats is a key feature of Huntington's disease (HD). Accurate
quantification of both soluble and aggregated polyQ-expanded Htt isoforms is crucial for assessing therapeutic strategies targeting aberrant protein processing and clearance. Meso
Scale Discovery (MSD)-based assays offer high-throughput, quantitative detection of these species and are well characterized in HD mouse models (Reindl 2019, Landles 2020, Smith
2022), though validation in cell lines with overexpression of polyQ-expanded Htt has been limited. UBE2K, an E2 ubiquitin conjugating enzyme, has been previously identified as a
putative therapeutic target in HD, capable of enhancing autophagy and lysosomal pathways that facilitate the degradation of mutant Htt aggregates. Here we benchmarked the
established MSD assays to quantify the impact of a novel UBE2K-targeting tool compound on both soluble and aggregated polyQ-expanded exon 1 Htt in SH-SY5Y human
neuroblastoma cells ectopically expressing an Htt fragment with 73 polyQ repeats. MSD measuring soluble exon 1 and aggregated Htt (Landles 2020) were used to track changes in Htt
levels in response to compound treatment. In addition, Torin 1, Bafilomycin A1, or Epoxomicin were used to modify Htt homeostasis and serve as positive control. AGERA (agarose gel
electrophoresis for resolving aggregates) was utilized to quantify high molecular aggregates. 

DISCOVERING TARGETS OF HUNTINGTON’S DISEASE USING NAi PLATFORM
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FIGURE 1: A) The NAi Interrogative Biology Platform is an AI-driven target nomination, discover, and molecule design system that integrates large patient resources and databases, multi-omics, and AI 
methodologies to identify diagnostic or therapeutic targets for diseases. B) Schematic of Huntingtin (Htt) protein. Magnified is Htt exon 1 (HTTex1) which contains the pathogenic polyQ region. 
Glutamine expansions (n) of longer than 36Qs is pathogenic. In multiple animal models, expression of a poly(Q)-expanded exon 1 alone can induce the Huntington’s disease phenotype. C) Schematic 
representation of the mechanism of BPG small molecules. Small molecules (green) slow or inhibit the discharge of ubiquitin (yellow) from UBE2K (blue) and thus impede the ubiquitination of UBE2K 
substrates.

TREATMENT WITH BPG-812 PRELIMINARILY ALTERS mHTT LEVELS IN SH-SY5Y CELLS 
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MODULATION OF AUTOPHAGY AND PROTEASOMAL PATHWAYS ALTERS mHTT 
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• Significant reduction of >50% of soluble exon 1 HTT was observed via MSD in cells treated with Torin1, Bafilomycin A1, or Epoxomicin indicating that both autophagy and proteasomal
pathways contribute to soluble HTT degradation. 

• UBE2K-targeting for 48h reduced the amount of soluble exon 1 HTT by 40%, but alterations in aggregated HTT revealed no changes via MSD or AGERA.
• Preliminary data shows that 72h of treatment with BPG812 decreases aggregated HTT protein assessed by MSD and AGERA.
• UBE2K-targeting tool compound can potentially reduce soluble exon 1 polyQ-expanded HTT as well as high-molecular aggregates in human cellular model of HD, supporting continued

investigation of its potential as a therapeutic target. 
• MSD proved effective for detecting changes in soluble exon 1 HTT protein while AGERA may provide more sensitive detection of changes in high molecular aggregates.

Corresponding author email address: Stephane.Gesta@BPGbio.com
BPG812 is an investigational tool compound and has not been approved yet by the FDA.

 

FIGURE 2: A) Schematic of mutant huntingtin (mHTT) that forms soluble N-terminal fragments and insoluble aggregates, which may be degraded by proteasomal or lysosomal-based mechanisms. The 
relative contributions of these pathways can be determined through treatment with compounds. Treatment with epoxomicin blocks ubiquitin-dependent protein degradation via the proteasome, 
while treatment with the autophagosome-lysosome fusion inhibitor bafilomycin A1 (BafA1) blocks autophagy and the mTOR inhibitor Torin1 increases autophagy. B) Schematic of HTTex1 depicting 
antibody target epitopes and combinations for detection of soluble HTTex1, total soluble mHTT, and aggregated HTT (aggHTT) via MSD assays. C) Schematic depicting the detection of high molecular 
aggHTT using EM48 antibody via agarose gel electrophoresis for resolving aggregates (AGERA) assay. 
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References: 1. Reindl W, Baldo B, Schulz J, et al. Meso scale discovery-based assays for the detection of aggregated huntingtin. PLoS One. 2019;14(3):e0213521. Published 2019 Mar 26. doi:10.1371/journal.pone.0213521 2. Landles C, Milton RE, Jean A, et al. Development of novel bioassays to detect soluble and aggregated Huntingtin proteins on three 
technology platforms. Brain Commun. 2021;3(1):fcaa231. Published 2021 Jan 5. doi:10.1093/braincomms/fcaa231 3. Fischer DF, Dijkstra S, Lo K, et al. Development of mAb-based polyglutamine-dependent and polyglutamine length-independent huntingtin quantification assays with cross-site validation. PLoS One. 2022;17(4):e0266812. Published 2022 
Apr 8. doi:10.1371/journal.pone.0266812
Schematics in figures 1B, 2 generated by BioRender.
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FIGURE 3: (A) Schematic of experimental design. SH-SY5Y cells expressing poly(Q)-73 expanded exon1 were treated with Torin1, BafA1, epoxomicin, or DMSO control for 
24h. mHTT levels in cell lysates were assessed via MSD and AGERA assays. MSD analysis of soluble HTTex1 (B), total soluble mHTT (C), and aggHTT (D) shows significant 
reduction in soluble HTTex1 in all treatment conditions when compared to control, but no change in total soluble mHTT. Treatment with BafA1 shows modest (*p=0.023) 
reduction in aggHTT via MSD. E) AGERA analysis and F) quantification of EM48+ aggHTT shows no significant change in aggHTT in all treatment conditions when compared 
to control. MSD data are represented as technical duplicates across 4 (n=4) independent biological replicates +/- SEM. Pairwise comparisons between treatment and 
control groups were analyzed using two-tailed unpaired t-test (p = 0.05) (***p<0.0001). 

FIGURE 4: A) Schematic of experimental design. SH-SY5Y cells expressing poly(Q)-73 expanded exon1 were differentiated for 5 days prior to 48 or 72h treatment with DMSO or 20µM of BPG812. mHTT 
levels in cell lysates were assessed via MSD and AGERA assays. Preliminary (n=1) MSD analysis of soluble HTTex1 (B, G), total soluble mHTT (C, H), and aggHTT (D, I) after 48h (B-D) or 72h (G-I) treatment 
with BPG812. Preliminary AGERA analysis (n=1) (E, J) and quantification of EM48+ aggHTT (F, K). MSD and AGERA show no change in aggHTT after 48h but a reduction in aggHTT in both assays after 72h. 
MSD data are represented as technical duplicates across 1 (n=1) biological replicate +/- SEM. 

CONCLUSIONS
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