Disruption of mutant, polyQ expanded Huntingtin aggregation by modulation of UBE2K, a

novel ubiquitin-proteasome druq target
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ABSTRACT

Huntington’s disease (HD) is a uniformly fatal, autosomal dominant, neurodegenerative disorder caused by a triplet
repeat expansion of glutamine (polyQ) codons (CAG) in the N-terminal coding exon (exon 1) of the Huntingtin (Htt)
gene. The expression of mutant Htt (muHtt) is associated with the accumulation of intracellular aggregates containing
the mutant protein and leads to the degeneration of the basal ganglia with progressive loss of striatal medium spiny
neurons as well as the loss of cortical and other neurons. The mutant form of Htt has been shown to impact several
different cellular functions that could negatively affect neuronal survival. Additionally, debate continues as to whether it
can be degraded via either proteasomal or lysosomal-based mechanisms, and whether these different pathways can be
manipulated to aid in the removal of the mutant protein and its aggregates. Prior research had identified a specific
ubiquitin E2 conjugating enzyme, UBE2K (or Hip2), that interacted with the N-terminal region of Htt. This interaction
occurred in a manner that was not influenced by whether it was the mutant or non-mutant form of Htt (Kalchman et al.,
1996). Here, we have generated stably transfected SH-SY5Y neuroblastoma cell lines expressing human Htt Exon 1
constructs with either Q23 or Q73 polyQ repeats. The SH-SY5Y cells expressing the Q73 mutant isoform developed
prominent intracellular aggregates. To better study the impact of UBE2K on mutant Htt aggregation, an additional
population of Htt Exon 1 expressing clones were generated that stably expressed UBE2K shRNA and achieved stable
knockdowns of UBE2K in excess of 90%. The genetic reduction of UBE2K led to a dramatic decrease in muHtt aggregates
in Q73 expressing cells as examined by immunofluorescence microscopy. Small molecule tool compounds that
modulate the activity of UBE2K are also presently being tested for their effects in this system. Modulating UBE2K and
the ubiquitin-proteasome pathway protein may provide a potential new path for therapeutic development in HD.

DISCOVERING TARGETS OF HUNTINGTON'’S DISEASE USING NAi PLATFORM
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FIGURE 1: A) Schematic of Huntingtin (Htt) protein. Magnified in yellow is Htt exon 1 which contains the pathogenic poly(Q) region.
Glutamine expansions 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. B) The NAi Interrogative Biology Platform is an Al-driven target nomination, discover,
and molecule design system that integrates large patient resources and databases, multi-omics, and Al methodologies to identify
diagnostic or therapeutic targets for diseases, such as Huntington’s disease.

MODELS OF UBE2K AND HUNTINGTON’S DISEASE IN SH-SY5Y CELLS
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FIGURE 2: A) Western blot analysis of UBE2K expression in stable clones (4 and B5) with lentiviral-expressed shRNA targeting UBE2K in
SH-SY5Y cells. B) Quantification of UBE2K expression in differentiated (left) and growing (right) SH-SY5Y cells. UBE2K knockdown clone 4
has ~¥95% knockdown of UBE2K and clone B5 has ~90% UBE2K knockdown. B) Western blot analysis of stable clones of wild type (Q23)
and mutant (Q73) exon 1 (aa 1-90) of Huntingtin (EM48) in wild type and UBE2K knockdown SH-SY5Y cells.
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UBE2K KNOCKDOWN ELIMINATES muHTT AGGREGATES IN SH-SY5Y CELLS
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FIGURE 3: A) Micrographs of Huntlngtln EI\/I48) (green) in SH-SY5Y cells stably expressing wild type Q23 and mutant Q73 Huntingtin
exon 1 in wild type and UBE2K knockdown cells. Q73 expressing cells clearly display Huntingtin-containing aggregates as compared to
wild type Q23 cells. Huntingtin aggregates are significantly reduced in UBE2K knockdown cells expressing Q73. Images acquired on
widefield microscope. B) Quantification of the number of aggregates per image and normalized to the total number of cells within that
image. One-way ANOVA, Sidak’s multiple comparison, *p<0.05, **p<0.01, **** p<0.0001.

B.

FIGURE 4: A) Micrographs of
Huntingtin (MWS8) (green) in SH-
SYS5Y cells stably expressing wild
ns type Q23 and mutant Q73 exon 1
Huntingtin in wild type and UBE2K
knockdown cells.
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FIGURE 5: Genetic reduction in UBE2K increases
expression of MRNAs for multiple proteins associated
with autophagy and autophagosome assembly but
not unrelated mRNAs. Student’s t-test, *p<0.05,
**p<0.01, *** p<0.001.
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FIGURE 6: Western blot analysis and quantification of A) the autophagy
receptor, p62/SQSTM1, and B) the autophagosome marker, LC3, in wild type
SH-SY5Y cells and UBE2K knockdown cells treated with starvation media
(EBSS) and the autophagosome-lysosome fusion inhibitor bafilomycin Al
(BafAl) for 4 hours. There is significantly more p62 and LC3-Il in UBE2K
knockdown cells compared to wild type. Two-way ANOVA, Tukey’s multiple
comparisons test, *p<0.05, **p<0.01, *** p<0.001.

LYSOSOMAL ENZYME ACTIVITY IS INCREASED IN UBE2K KNOCKDOWN CELLS
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FIGURE 7: Quantification of lysosomal enzyme activity of A) glucocerebrosidase (GBA1) and B) a-galactosidase (a-gal) in wild type and UBE2K
knockdown SH-SY5Y cells. C) Micrographs and D) quantification of pepstatin A (an active cathepsin D binding peptide) (SiR-lysosome) (red) in wild type
SH-SY5Y cells and UBE2K knockdown cells. Images acquired on a widefield microscope show increased enzyme activity in UBE2K knockdown cells.
One-way ANOVA, Dunnett’s multiple comparisons test, *p<0.05, **p<0.01, ns=not significant.

GENERATING SMALL MOLECULES THAT SLOW THE DISCHARGE OF UBIQUITIN ON UBE2K
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FIGURE 8: A) Cartoon representation of the mechanism of BPG small molecules. Small molecules (green) slow the discharge of ubiquitin from UBE2K
and thus impede the ubiquitination of UBE2K substrates. B) Western blot analysis and C) quantification of charged UBE2K in SH-SY5Y cells after 1, 4,
and 24-hour treatment with the UBE2K discharge inhibitor, BPG-0812. Slowing the discharge of ubiquitin from UBE2K significantly increases the
charging of UBE2K while decreasing APO UBE2K.

INCREASING LYSOSOMAL ACTIVITY BY MANIPULATING UBE2K IS A POTENTIAL THERAPEAUTIC FOR HD

FIGURE 9: A) Micrographs and B) quantification of
pepstatin A (a cathepsin D binding peptide) (SiR-
lysosome) (red) in SH-SY5Y cells after 24-hour
treatment with the UBE2K discharge inhibitor, BPG-
0812. Images acquired on a widefield microscope.
Treatment with BPG-0812 increases active cathepsin
D signal, suggesting more lysosomal activity. This
may be a possible mechanism of removing or
preventing Huntingtin-containing protein aggregates
and a potential therapeutic for Huntington’s disease.
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CONCLUSIONS

* Expression of pathogenic, poly(Q) expanded Huntingtin exon 1 in SH-SY5Y cells induces Htt aggregate formation.

* Reduction of the E2 ubiquitin-conjugating enzyme, UBE2K/HIP2, leads to a loss of mutant Htt aggregates. This suggests UBE2K, or one of its targets,
is involved in the formation of Htt aggregates or prevents the removal of Htt aggregates. Manipulation of UBE2K function may therefore be a
therapeutic strategy for preventing the formation or enhancing the removal of aggregates that form in Huntington’s disease.

* Reduction of UBE2K increases p62 and LC3Il abundance, increases autophagy-related gene transcripts, and increases lysosomal enzyme activity.

* Slowing the ubiquitin-discharge from UBE2K through BPG small molecules increases lysosomal enzyme activity and may be a potential therapeutic
for proteinopathies such as Huntington’s disease.

* Current research is focused on understanding the biological mechanism of UBE2K, specifically with Huntingtin and in the autophagy pathway.
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