Unbiased proteomic and transcriptomic analysis of Sigma-2 receptor modulation
in an in vivo model of synucleinopathy

Britney N. Lizama’, Aidan J. Reaver?, Kiran Pandey?, Duc M. Duong?, Nicholas T. Seyfried?, Anthony O. Caggiano?, Mary E. Hamby’

# PSTR402.10

INTRODU

neurons and reverse oligomer-mediated trafficking

modulators CT1812 and CT2168 were tested in an

aSyn oligomers

aSyn oligomers +CT1812

Figure 1: S2R modulators block the effects of aSyn
oligomer binding to neurons. Representative microscopy
images of primary neuronal cell cultures exposed to aSyn
oligomer are shown with vehicle treatment (left) or after
the addition of an S2R modulator (right). aSyn (red) binds
to neuronal processes (MAP2, green). The addition of an
S2R modulator decreases the levels of aSyn oligomers
bound to neurons
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Synucleinopathies, which include Parkinson’s disease and dementia with Lewy bodies (DLB),
comprise the second most prevalent neurodegenerative disease worldwide. Alpha synuclein

(aSyn) oligomers are the toxic form of aSyn protein contributing to neurodegeneration’. aSyn
oligomers can bind to synapses and spread trans-synaptically to anatomically connected regions.
Small molecule modulators of the sigma 2 receptor (S2R) block aSyn oligomers from binding to

deficits in vitro? (Figure 1; Schema 1).

To elucidate the mechanisms by which the S2R impacts aspects of synucleinopathies, S2R

In vivo preformed fibril (PFF) model of

pathological aSyn spreading?®. Using proteomics and transcriptomics, we assessed proteins,
transcripts, and pathways in the PFF model that were altered by S2R modulators.
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Schema 1: Model of S2R protein interactions and
hypothesized role of S2R small molecule modulators in
restoring function in models of synucleinopathy

r Injection: Monomer or PFF aSyn

METHODS

In-life portion: Pre-formed (PFF) aSyn rat model of Parkinson’s disease

End of dosing
D1 Q.D. oral dosing (D-3 to D59 D5
D-3 Treatment Injection D60
. Grou Dose
Start of dosing P (PO, qd) (D1) Sacrifice
1 vehicle 0 Monomer
2 vehicle 0 PFF
3 CT1812 3 mg/kg PFF
4 CT2168 3 mg/kg PFF
Treatment Condition TMT-MS RNAseq
Group (Final n) (Final n)
Group 1 Monomer aSyn +Vehicle 9 10
Group 2 PFF aSyn + Vehicle 10 7
Group 3 PFF aSyn + CT1812 9 10
Group 4 PFF aSyn + CT2168 9 10

Differential Expression Contrasts

Striatum proteome PFF aSyn vs Monomer aSyn

SN transcriptome PFF aSyn vs Monomer aSyn

Differential Expression Contrasts
Striatum proteome CT1812 vs Vehicle
P CT2168 vs Vehicle
SN transcriotome CT1812 vs Vehicle
P CT2168 vs Vehicle

2A: ldentify S2R-driven effects by comparing
two chemically-distinct S2R modulators
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PFF aSyn induces increased markers of immune response, and
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decreased dopaminergic and synaptic function markers
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Fig. 2. Volcano plots illustrate significant changes (red, upregulated; blue, downregulated) in striatal protein levels (A)
or nigral mMRNA expression (B) due to treatment with PFF vs monomer (p<0.05). Topmost significantly increased (red)
and decreased (blue) proteins (C) and transcripts (D) are listed (p<0.05), sorted by log-2 fold change in PFF-treated
animals vs monomer. Proteins or transcripts of interest are labeled in bold, indicating those involved in immune

response (yellow dots), dopaminergic signaling (purple dots), and synaptic function (green dots).

Proteins and transcripts altered by PFF aSyn enrich pathways

related to neuronal processes and immune response

A Striatal Proteins: PFF vs Monomer, p<0.05

Top Metacore Pathway Maps p-value
enriched by 1550 proteins

Neurophysiological process — Synaptic vesicle fusion and

recycling in nerve terminals

Transport — Clathrin-coated vesicle cycle

Neurophysiological process — Receptor-mediated axon
growth repulsion
Development — Negative regulation of WNT/Beta-catenin

signaling in the cytoplasm
Signal transduction — Ephrin-B signaling

1.22E-15
1.73E-06

4.00E-05

4.43E-05
6.11E-05

B SN Transcripts: PFF vs Monomer, p<0.05

Top Metacore Pathway Maps

enriched by 562 transcripts

Development — NOTCH signaling inhibition

Regulation of immune cell differentiation by Notch signaling

Development — Inhibition of ossification by Notch signaling

Immune response — Classical complement pathway

Transcription — HIF1 targets

-value

1.06E-08
5.36E-06
7.69E-06
1.15E-05

2.50E-05

ICE‘)O Uit Biological Pathways Strength p-value I?)O feun Biological Pathways Strength p-value
) Viral translational termination- : : i i
G0:0075525 il 1.1 3.40E-02| |30:0045746 Eaet%i\;g/; regulation of Notch signaling 092  6.60E-03
Positive regulation of synaptic
G0:0031632 vesicle fusion to presynaptic active 1.02  4.88E-02| [GO:0035082 Axoneme assembly 09  1.26E-06
zone membrane
. . : : GO:0006858 Extracellular transport 0.87 4.76E-02
GO:-0051490 Negative regulation of filopodium 102  4.88E-02
Bl Epithelial cell diff tiation involved i
_ Negative regulation of tubulin GO:0035850 P elial cel dierentiation InVolved in =4 a7 4 76E-02
G0:1904428 deacetylation 1.02  4.88E-02 kidney development
SopAsEp UL CEIEDC RSB EEINE 10  2.20E-03| |GO:0031670 Cellular response to nutrient 0.8  2.04E-02
zone structure

Fig. 3. Metacore Pathway Analysis (Version 23.1.71200, green tables) and STRING pathway analysis (Version 16,
purple tables) were conducted using significant (p<0.05) 1550 striatal protein changes (A) or 562 nigral transcript
changes (B) identified in PFF vs monomer. Pathways identified in non-relevant disease pathologies/organs were
excluded from Top 5 pathways. Pathways of interest are labeled in bold.
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S2R modulators induce changes in key pathways related to

apoptosis, metabolism and transport
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Fig. 4. Volcano plots illustrate significant changes (p<0.05; red, upregulated; blue, downregulated) in striatal protein

levels (A) or nigral mMRNA expression (D) due to treatment with CT1812 or CT2168 vs vehicle in PFF-injected animals.
Metacore Pathway Analysis was conducted using significant (p<0.05) striatal protein changes (B-C) or nigral transcript
changes (E-F). Top 5 pathways are listed, with pathways of interest indicated in bold. Non-relevant disease

pathologies/organs were excluded.

Both S2R modulators reverse a subset of protein and
gene expression changes induced by PFF aSyn
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CONCLUSIONS

 PFF aSyn alters biological pathways related to vesicular trafficking in striatum and
immune response in SN, congruent with the path of propagation of aberrant aSyn#4.

« S2R modulators CT1812 and CT2168 affect pathways associated with
synucleinopathy, including apoptosis, metabolism, proteostasis, and protein/lipid

transport.

« S2R modulators reverse a subset of protein and gene expression changes caused
by PFF aSyn, including transcript level changes in neuroprotective cerebral dopamine

neurotrophic factor (CDNF)~.

Fig. 5. Venn diagrams illustrate 47 striatal proteins (A) and 74 nigral transcripts (C) commonly altered by CT1812
and CT2168 treatment compared to vehicle irrespective of direction of effect (white), increased by both
compounds (red), or decreased by both compounds (blue) (p<0.05). Metacore Pathway Analysis was conducted
using significant overlapping proteins or transcripts. Top 5 pathways are listed, with pathways of interest indicated
in bold. Non-relevant disease pathologies/organs were excluded. (B, D) 22 of the 47 proteins and 32 of the 74
transcripts were also significantly altered by PFF vs monomer. Forest plots illustrate changes in direction of the
22 striatal proteins (B) and 32 nigral transcripts (D) induced by compound treatments (green) compared to
significantly changed proteins or genes induced by PFF vs monomer (red). Cerebral dopamine neurotrophic
factor (CDNF), for example in (D), is decreased by PFF vs monomer and normalized by CT1812 and CT2168.

Preclinical data illuminate effects of S2R

modulators in cell survival and transport

pathways, which are key factors in PFF-
mediated synucleinopathy.
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