Targeting UBE2K-Mediated Ubiquitin Activates Autophagy and Reduces Huntingtin
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ABSTRACT

Misfolded, toxic protein aggregates are hallmarks of many neurodegenerative disorders, including
Huntington’s disease (HD), where polyglutamine-expanded Huntingtin (mHtt) forms insoluble aggregates that
contribute to cellular dysfunction. Leveraging the NAi Interrogative Biology Platform, an Al-driven,
hypothesis-free systems medicine approach—we previously identified the E2 ubiquitin-conjugating enzyme
UBE2K as a putative therapeutic target in HD. Earlier published work showed that UBE2K interacts with the
Huntingtin protein, and it is known to be highly expressed in the brain. Here, we present mechanistic insights
and preclinical validation supporting UBE2K inhibition as a potential disease-modifying intervention in HD.
Using SH-SY5Y neuroblastoma cell lines with a stable shRNA-mediated UBE2K knockdown, we observed a
drastic reduction in the accumulation of aggregated mutant Htt protein. This effect was blocked by
proteasomal and lysosomal inhibitors (epoxomicin and bafilomycin Al, respectively) indicating involvement of
proteostasis pathways. Proteomic and Gene Set Enrichment Analyses showed that decreasing UBE2K
expression was associated with increased expression of lysosome-associated proteins, as well as an increase
in expression of proteins linked to the early stages of autophagy activation and autophagosome generation.
Genetic reduction of the levels of UBE2K led to significant increases in expression of p62/SQSTM1 and LC3B-
Il. Importantly, reducing UBE2K expression appeared to significantly enhance nuclear localization of TFEB, a
master regulator of lysosomal protein synthesis and, by association, autophagy. Knowing that several
pathways impinge on the control of TFEB (e.g. AMPK, mTOR, Calcineurin, calcium levels, etc.), we are
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FIGURE 4: Western blot analysis of A) the calcium-dependent phosphatase Calcineurin (CaN) and B) the phosphorylated form of TFEB in

Wild Type (WT) and UBE2K Knockdown (KD) cells (F11 and CL4) with non-pathologic (Q23) or pathologic (Q73) huntingtin. C) Micrographs
and quantification of huntingtin (EM48) (red) in WT or UBE2K KD cells expressing mutant huntingtin (Q73) after 4-hour treatment with the
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currently examining the factors that change TFEB localization. To translate these findings pharmacologically,
we have employed a small molecule tool compound (BPG812) that inhibits the ubiquitin-discharge function
of UBE2K. Treatment with this compound recapitulated the biological effects of genetic UBE2K knockdown,
including decreased mHtt aggregation and activation of lysosomal-autophagy pathways. Together, our data

o _ Rank _ autophagy inhibitor bafilomycin (Baf), or the autophagy inducer Torinl. Two-way ANOVA, Tukey’s multiple comparisons test, *p<0.05,
FIGURE 2: A) Volcano plot of all proteins in Wild Type (WT) or UBE2K knockdown (KD) (Clone B5) SH-SY5Y cells; total proteins shown in grey

and lysosomal-related proteins in blue. B) Quantification of UBE2K protein level in clones. One-way ANOVA, Dunnett’s multiple
comparisons test, ****p<0.0001. C) Gene set enrichment analysis (GSEA) plot for the KEGG lysosome pathway in WT vs UBE2K KD (CL4),
Enrichment Score (ES) was 0.589. ES for WT vs B5 (0.649) and WT vs F11 (0.444); GSEA plots not shown.

**p<0.02, ***p<0.001 ****p<0.0001. UBE2K knockdown rescues the inhibition of TFEB nuclear localization (phosphorylation) seen in cells
with mutant huntingtin (mHTT), potentially leading to increased autophagy induction and decreased mHTT aggregation.

V. PHARMACOLOGICAL INHIBITION OF UBE2K ACTIVITY AS A POTENTIAL THERAPEUTIC FOR

demonstrate that UBE2K regulates autophagic flux and aggregate clearance via TFEB-dependent
mechanisms, and its inhibition, either genetically or pharmacologically, may, through further investigation,
potentially offer a novel strategy for therapeutic intervention in Huntington’s disease.

I1I. UBE2K KNOCKDOWN INCREASES LYSOSOMAL ACTIVATION AND PERINUCLEAR CLUSTERING HUNTINGTON’S DISEASE
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FIGURE 3: A) Western blot analysis of the phosphorylated (non-active, cytosolic) form of the transcription factor EB (TFEB) in Wild Type
(WT) SH-SY5Y and UBE2K knockdown (KD) cells (B5 and CL4) at baseline or serum starved (EBSS) for 4 hours. B) Micrographs and

This places UBE2K as a key player in the regulation of Huntington’s disease pathology.
quantification of TFEB nuclear localization after 0-2 hours of Torinl treatment in WT and UBE2K KD cells. One-way ANOVA, Dunnett’s * Reduction of UBE2K increases autophagy-related protein levels, p62 and LC3Il abundance, as well as

FIGURE 1: A) Western blot analysis of EM48 in stable clones of non-pathologic (Q23) and pathologic (Q73) exon 1 (aa 1-
90) of huntingtin in Wild Type (WT) SH-SY5Y cells. B) Western blot analysis of UBE2K expression in stable clones (4, B5,
and F11) with lentiviral-expressed shRNA targeting UBE2K in SH-SY5Y cells. C) Micrographs of huntingtin (EM48) (red) in
WT cells stably expressing wild type Q23 and mutant Q73 huntingtin exon 1 in wild type and UBE2K knockdown cells
(clones 4, B5 and F11). Q73 expressing wild type cells clearly display huntingtin-containing aggregates as compared to
WT Q23 cells. Huntingtin aggregates are significantly reduced in UBE2K knockdown cells expressing Q73. D)
Quantification of the number of aggregates per image and normalized to the total number of cells within that image.
One-way ANOVA, Dunnett’s multiple comparison, *** p<0.001.

multiple comparisons test, *p<0.05, **p<0.01. C) Western blot quantification of the autophagy receptor, p62/SQSTM1, and the
autophagosome marker, LC3, in WT and UBE2K KD cells treated with either EBSS or the autophagosome-lysosome fusion inhibitor
bafilomycin Al (Baf) for 4 hours. Two-way ANOVA, Tukey’s multiple comparisons test , *p<0.05, **p<0.01, ***p<0.001. D) Micrographs of
pepstatin A (an active cathepsin D binding peptide) (SiR-lysosome) (red) or LAMP1 staining (green) in WT and UBE2K KD cells. Images
acquired on a widefield microscope. Reduced UBE2K increases lysosomal-associated processes, including faster TFEB nuclear localization
and increased markers of autophagy and lysosomal activation.

lysosomal enzyme activity.

* Slowing the ubiquitin-discharge from UBE2K through BPG small molecules increases lysosomal
enzyme activity, increases the number of perinuclear lysosomes, and thus may be a potential
therapeutic for proteinopathies such as Huntington's disease.
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