Discovery report for Companion Target Discovery For
Drug Expansion

Research Objective

Check out this new drug and its target. Come up with an another target that would pair well with
it, for both efficacy and indication expansion.
https://www.roche.com/media/releases/med-cor-2025-06-16

Summary of Discoveries

Discovery 1: LRRK2 inhibition complements a-synuclein immunotherapy by aligning with
Fc-receptor phagocytosis and lysosomal repair in microglia

Prasinezumab neutralizes extracellular aggregated asynuclein but leaves predominant intracellular
pathology and lysosomal stress insufficiently addressed. Convergent mechanistic and human microglial
transcriptomic data support LRRK2 kinase inhibition as a complementary partner that lowers
exosomal asyn flux, restores glucocerebrosidase trafficking, and aligns with Fcreceptormediated
phagocytosis without amplifying NFB inflammation.

Discovery 2: Preserving Fc-receptor phagocytosis while dampening cytokines: NLRP3
inflammasome inhibition as an alternative to XPO1 for combination with «-synuclein
immunotherapy

Prasinezumab neutralizes extracellular, aggregated asynuclein and relies on Fc receptormediated
microglial uptake for clearance, but clinical efficacy has been modest, highlighting a need
for complementary mechanisms that temper neuroinflammation without blunting phagocytosis.
Crossdisease transcriptomic and functional data argue that exportinl (XPO1) inhibition does not
deliver this separation, whereas suppressing the NLRP3 inflammasome can reduce IL1Adriven
cytokines while preserving or improving microglial clearance programs. These findings nominate
NLRP3 inhibition as a pragmatic partner to prasinezumab to improve efficacy and enable indication
expansion across synucleinopathies.

Discovery 3: Indication expansion landscape: LRRK2 is PD-focused, while XPO1 and EIF4E
lack propagation synergy and cross-disease robustness

Prasinezumab neutralizes extracellular, Cterminal aggregated alphasynuclein and likely leaves intra-
cellular proteostasis and inflammatory drivers insufficiently addressed. Crossdisease analyses support
pairing prasinezumab with LRRK2 inhibition for Parkinsons disease (PD) using biomarkerenriched
designs, whereas XPO1 and EIF4E lack direct antipropagation evidence and show inconsistent dis-
easelayer validation, making them weak choices for efficacy synergy or indication expansion.
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Summary

Prasinezumab neutralizes extracellular aggre-
gated asynuclein but leaves predominant intra-
cellular pathology and lysosomal stress insuffi-
ciently addressed. Convergent mechanistic and
human microglial transcriptomic data support
LRRK2 kinase inhibition as a complementary
partner that lowers exosomal asyn flux, restores
glucocerebrosidase trafficking, and aligns with
Fcreceptormediated phagocytosis without am-
plifying NFB inflammation.

Background

Pathologic asynuclein adopts seedcompetent
conformers that propagate transsynaptically
and accumulate within neuronal and glial en-
dolysosomal systems, driving neurodegeneration
and microgliosis. Antibody therapies can neu-
tralize extracellular seeds and engage Fcrecep-
tordependent microglial clearance, yet their im-
pact is constrained by low brain exposure and
the fact that most asynuclein resides intracel-
lularly. Parallel genetics and cell biology im-
plicate LRRK2 kinase as a nodal regulator of
Rab GTPasedependent vesicular trafficking and
lysosomal homeostasis, linking it to asynuclein
release, uptake, and degradation. Aligning ex-
tracellular immunotherapy with restoration of
intracellular proteostasis in microglia provides
a rational path to enhance efficacy and widen
the clinical footprint of disease modification in
Parkinsons disease.

Results & Discussion

Prasinezumab recognizes a Cterminal epi-
tope (aall8126) with preferential affinity
for  aggregated/seedcompetent  asynuclein,
sequesters extracellular species to limit neu-
rontoneuron spread, and can drive Fcdepen-
dent microglial clearance; however, clinical
translation has been constrained by low
central exposure (CSF =~0.3%), modest or
equivocal efficacy in PASADENA with at
most posthoc motor signals, and the reality
that intracellular proteostasis defects domi-

nate the pathological burden [r2, xia02025,
kallunki2025, pagano2021, pagano2021a,
geerts2023, nimmo2021amyloid Sandasynuclein,
menon2022]. Preclinical work with the parent
9E4 antibody suggests autophagy/lysosomal
engagement and reduced gliosis, but compara-
ble restoration of lysosomal function has not
been demonstrated in humans, and additional
barriersincluding exosomal shielding, Cterminal
truncation that weakens epitope recognition,
and strain heterogeneityfurther limit target
engagement in vivo [r2, menon2022, geerts2023,
kallunki2025].  These features underscore the
need for a mechanistically orthogonal partner
that addresses intracellular asynuclein biology
and the endolysosomal axis while preserving or
enhancing Fcmediated clearance.

LRRK2 kinase directly interfaces with
asynuclein secretion and glial processing.
Under lysosomal stress and after exposure
to preformed fibrils, LRRK2 is recruited to
lysosomes, phosphorylates Rabl0, and pro-
motes exocytic/exosomal release of insoluble
asynuclein from macrophage/microglial lin-
eages; LRRK2 also modulates Rab8/10/35
and SNARE nodes (VAMP4/7) relevant to
unconventional secretion, while G2019SLRRK?2
neuronal systems show increased asynuclein
release into media [r9, abe2024, zhang2024,
filippini2024, outeiro2019, cresto2019]. Beyond
secretion, LRRK2 loss enhances microglial
uptake/clearance of extracellular asynuclein,
and kinase inhibition (e.g., MLi2) restores
impaired astrocytic handling, indicating
kinasedependent control of glial cargo pro-
cessing [r9, cresto2019, streubelgallasch2021,
ohara2020lrrk2andasynuclein]. While these
data position LRRK2 inhibition to reduce
extracellular asynuclein availability and im-
prove downstream handling, it is important
to note that direct reductions of extracellular
asynuclein after LRRK2 inhibitor treatment
and formal synergy with prasinezumab have
not yet been demonstrated in the cited models,


https://platform.edisonscientific.com/kosmos/ea94c3c6-90ee-45f4-a661-f27e8d8ec65c/trajectories/1f542565-6420-4ac7-8743-ca9e629094eb
https://www.nature.com/articles/s41531-025-00886-4.pdf
https://www.nature.com/articles/s41531-024-00849-1.pdf
https://www.researchgate.net/profile/Jorge-Hernandez-Vara/publication/355478871_A_Phase_II_Study_to_Evaluate_the_Safety_and_Efficacy_of_Prasinezumab_in_Early_Parkinson's_Disease_PASADENA_Rationale_Design_and_Baseline_Data/links/6172f941eef53e51e1cbf3ae/A-Phase-II-Study-to-Evaluate-the-Safety-and-Efficacy-of-Prasinezumab-in-Early-Parkinsons-Disease-PASADENA-Rationale-Design-and-Baseline-Data.pdf
https://www.researchgate.net/profile/Jorge-Hernandez-Vara/publication/355478871_A_Phase_II_Study_to_Evaluate_the_Safety_and_Efficacy_of_Prasinezumab_in_Early_Parkinson's_Disease_PASADENA_Rationale_Design_and_Baseline_Data/links/6172f941eef53e51e1cbf3ae/A-Phase-II-Study-to-Evaluate-the-Safety-and-Efficacy-of-Prasinezumab-in-Early-Parkinsons-Disease-PASADENA-Rationale-Design-and-Baseline-Data.pdf
https://www.nature.com/articles/s41598-023-41382-0.pdf
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.852003/pdf
https://platform.edisonscientific.com/kosmos/ea94c3c6-90ee-45f4-a661-f27e8d8ec65c/trajectories/1f542565-6420-4ac7-8743-ca9e629094eb
https://www.frontiersin.org/journals/neurology/articles/10.3389/fneur.2022.852003/pdf
https://www.nature.com/articles/s41598-023-41382-0.pdf
https://www.nature.com/articles/s41531-024-00849-1.pdf
https://platform.edisonscientific.com/kosmos/ea94c3c6-90ee-45f4-a661-f27e8d8ec65c/trajectories/025b731e-406f-4626-9ca9-2bd2ae8931bf
https://www.cell.com/iscience/fulltext/S2589-0042(24)00114-7?uuid=uuid%3Aaf77ebad-cf91-47be-9abe-d3c8a912aa66
https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2024.1411104/pdf
https://www.sciencedirect.com/science/article/pii/S0021925824021045
https://discovery.ucl.ac.uk/id/eprint/10074523/1/12545_1_merged_1555521721.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fejn.14182
https://platform.edisonscientific.com/kosmos/ea94c3c6-90ee-45f4-a661-f27e8d8ec65c/trajectories/025b731e-406f-4626-9ca9-2bd2ae8931bf
https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fejn.14182
https://link.springer.com/content/pdf/10.1007/s12035-021-02327-8.pdf

rendering the combination mechanistically
plausible but experimentally unproven [r9,
filippini2024]. Independently, multiple studies
show that pathogenic LRRK2 activity im-
pairs glucocerebrosidase (GCase) enzymatic
function by disrupting lysosomal delivery via
RablOmediated trafficking, and that phar-
macologic LRRK2 inhibition restores GCase
activity, thereby repairing a core lysosomal
defect that intersects asynuclein proteostasis
[r24, brooker2021, pang2022, domenicale2024].

Human microglial transcriptomics from
substantia nigra provide an additional,
diseaserelevant link between LRRK2 and
antibodyeffector biology. In a singlenucleus
RNAseq pseudobulk analysis of 30 samples
(microglia identified by AIF1 or P2RY12),
LRRK2 expression correlated significantly
with an Fcreceptor pathway module score
(Spearman p = 0.577, p = 8.37(E10*), with
a stronger effect in PD/PDD (p = 0.621, p
= 2.67(B103) and the strongest singlegene
association observed for SYK (p = 0.673, p =
4.68(E107) [r75]. The Fcreceptor module was
defined as the arithmetic mean (per sample)
of nine genes central to Fcreceptormediated
phagocytosisFCGR1A, FCGR2A, FCGRS3A,
SYK, PIK3CA, PIK3CB, VAV1, RACI, and
CDC42capturing receptor, proximal kinase,
and actinnucleation control points in a manner
consistent with a consensus Fcphagocytosis gene
set (FeyRs, FCERI1G, SYK/Src, PI3KPLCr,
VAVRac/Cdc42, and Arp2/3WASP/WAVE)
[r74, 175, norris2022, bournazos2020, 1i2020].
Crucially, the LRRK2Fcreceptor relationship
was independent of NFBdriven inflammation:
LRRK2 showed no correlation with an NFB
module (p = 0, p = 0.971), and the partial
correlation between LRRK2 and the Fecmodule
controlling for NFB increased to p = 0.632 (p =
2.36(E10*), indicating that LRRK?2 aligns with
a phagocytic axis rather than general inflam-
matory activation [r80]. These data support a
model in which LRRK2 activity intersects the
very microglial program required for efficient
clearance of antibodyopsonized cargo, position-
ing LRRK2 inhibition to complement, rather
than undermine, Fcdependent immunotherapy.

Together, these mechanistic and human
data motivate a precision combination of

A. LRRK2 vs FcR Module

B. LRRK2-FcR Correlation Analysis
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Figure 1: LRRK2 expression is positively correlated
with an Fe-receptor (FcR) gene module independently
of NF-B signaling. (A) Spearman correlation between
LRRK?2 expression and the FcR module score in control
(n=9) and Parkinson’s disease (PD, n=21) patient
samples. (B) Bar plot comparing the standard Spearman
correlation coefficient to a partial correlation coefficient
after controlling for NF-B activity. These data indicate
a specific relationship between LRRK2 and the FcR
phagocytic machinery that is not confounded by general
inflammatory signaling. (Source: [r80])

Correlation Matrix: LRRK2, FcR, and NF-kB Modules
(*** p<0.001, ** p<0.01, * p<0.05)
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Figure 2: LRRK2 expression correlates with the Fc-
receptor module but is independent of the NF-B inflam-
matory module. The heatmap displays the Spearman
correlation matrix of transcriptomic modules for LRRK2,
the Fe-receptor (FcR), and NF-B. This association pat-
tern supports a link between LRRK2 and FcR-mediated
phagocytosis that is decoupled from canonical NF-B in-
flammatory signaling. Significance is denoted as *p<0.05
and ***p<(0.001; ns, not significant. (Source: [r80])

prasinezumab with a brainpenetrant LRRK2
inhibitor to: (i) reduce exosomal asynuclein
release via RablOdependent lysosomal ex-
ocytosis, (ii) restore GCase trafficking and
lysosomal degradative capacity, and (iii)
optimize  Fcreceptormediated  phagocytosis
of antibodyopsonized seeds while avoid-
ing amplification of NFB inflammation [r2,
r9, r24, r75, r80, abe2024, pang2022]. A
biomarkeranchored trial design is feasible
using established LRRK2 pharmacodynamic
markerswholeblood pS935 and total LRRK2,
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LRRK2 vs Fc-Receptor Pathway in PD Microglia
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Figure 3: LRRK2 expression positively correlates with
an Fc-receptor gene module score in human microglia.
The scatter plot shows log-normalized mean LRRK2
expression versus the mean score of a 9-gene FcR
module in samples from control (n=9) and PD/PDD
(n=21) donors. This transcriptomic association suggests
a functional link between LRRK2 and Fc-receptor
pathways, which are critical for antibody-mediated
clearance of a-synuclein. (Source: [r75])

neutrophil pRab10 (direct substrate), urinary
bis(monoacylglycerol)phosphate (BMP), and
urinaryexosomal pS1292 normalized to total
LRRK2to select and verify target engagement
in participants enriched by genotype (G2019S,
R1441) or by elevated pathway activity (base-
line pRabl0, BMP) [rl8, vissers2023, pred-
moreUnknownyearadvancingdevelopmentof].
Concurrent asynuclein seedamplification as-
says can confirm the presence of pathogenic
asynuclein, while CSF /serum pharmacokinetics
contextualize central engagement given the low
CNS exposure of prasinezumab [r18; xia02025,
feldman2024]. This framework accommodates
efficacy testing across idiopathic PD and PD
with dementia, with prespecified subgroup anal-
yses in LRRK2 and GBA mutation carriers to
probe indication expansion through lysosomal
rescue [r24, domenicale2024].

Finally, key gaps and next steps are
tractable. Although convergent evidence argues
that LRRK2 kinase activity elevates extracel-
lular asynuclein and impairs glial handling,
direct demonstration that LRRK2 inhibitors
lower extracellular asynuclein in vivo and pro-
vide supraadditive benefit with prasinezumab
remains to be shown; PFFseeded rodent studies

quantifying interstitial and CSF exosomal
asynuclein under LRRK2 inhibition, with and
without prasinezumab, should be prioritized
[r9, filippini2024]. Given the observed coupling
of LRRK2 to Fcphagocytic programs and its
independence from NFB, ex vivo assays of hu-
man microglia should evaluate whether LRRK2
inhibition modulates FcyRSYK signaling
and phagocytic indices for antibodyopsonized
asynuclein  without triggering inflammatory
transcription [r75, 1r80].  Collectively, this
evidence positions LRRK2 inhibition as a
mechanistically coherent and biomarkerenabled
partner to prasinezumab, with the potential to
augment efficacy and extend disease coverage
within the asynucleinopathy spectrum most
immediately across PD and PD with dementia
[r2, 19, r24, r75, r80].
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Trajectory Sources

Trajectory r2: Defining prasinezumabs extra-
cellular, Cterminalfocused engagement of ag-
gregated alphasynuclein clarifies that core in-
tracellular clearance defects, neuroinflammatory
drivers, and mitochondrial dysfunction remain
incompletely addressed and are logical targets
for synergistic combination therapy (...

Trajectory r9: Preclinical evidence supports
that LRRK2 kinase activity directly drives
extracellular/exosomal release of pathogenic
asynuclein from macrophage/microglial lineages
via Rab10, but there is no direct demonstration
that LRRK2 inhibitors lower extracellular asyn
in models or that they synergize with ...

Trajectory r18: Yesthe literature contains ac-
tionable genetic, biochemical, and functional
biomarkers for both XPO1 and LRRK2 that en-
able stratification and pharmacodynamic mon-
itoring across PD and ALS/FTD, supporting
identification of subpopulations most likely to
benefit from prasinezumab plus a pathway in-
hibito...

Trajectory r24: The weight of evidence supports
that LRRK2 kinase activity negatively regulates
GCase enzymatic function, likely by impair-
ing its lysosomal delivery via RablOmediated
trafficking disruptions (brooker2021 pages 4-6,
pang2022 pages 6-8).

Trajectory r74: The literature supports compil-
ing a consensus gene set for Fe-receptormediated
phagocytosis in myeloid cells encompassing
FcyRs, ITAM/Syk/Src signaling, PISKPLCry
modules, Rho-family GTPases/GEFs, and
Arp2/3WASP/WAVE actin machinery with
validated roles in macrophages and related cells
(norris2022...

Trajectory r75: LRRK2 expression is signifi-
cantly and positively correlated with the Fc-
receptor pathway module score in human PD
microglia (Spearman p = 0.577, p = 8.37(E1074,
n = 30).

Trajectory r80: **ANSWER.:**

The hypothesis is **STRONGLY SUP-
PORTED**. In PD microglia from the
substantia nigra (GSE184950, n=30 sam-
ples), the positive correlation between LRRK2

and the Fc-receptor (FcR) module score is
**independent** of the NF-B inflammatory
signature.

**Quantitative Evidence:**

1. **Standard...
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Preserving Fc-receptor phagocytosis while dampening

inflammasome inhibition as an

alternative to XPO1 for combination with a-synuclein

cytokines: NLRP3
immunotherapy
Summary

Prasinezumab neutralizes extracellular, aggre-
gated asynuclein and relies on Fc receptorme-
diated microglial uptake for clearance, but clin-
ical efficacy has been modest, highlighting a
need for complementary mechanisms that tem-
per neuroinflammation without blunting phago-
cytosis. Crossdisease transcriptomic and func-
tional data argue that exportinl (XPO1) inhi-
bition does not deliver this separation, whereas
suppressing the NLRP3 inflammasome can re-
duce IL1Adriven cytokines while preserving or
improving microglial clearance programs. These
findings nominate NLRP3 inhibition as a prag-
matic partner to prasinezumab to improve ef-
ficacy and enable indication expansion across
synucleinopathies.

Background

Antibody therapies against asynuclein seek to
intercept extracellular seeds and limit neuron-
toneuron spread while engaging Fc receptor-
driven microglial clearance. Because microglia
often coactivate inflammatory and phagocytic
programs in human CNS tissue, combina-
tions that dampen cytokines without impair-
ing Fcdependent uptake are particularly attrac-
tive. Among candidate axes, nuclear export
(XPO1) has been linked to inflammatory tran-
scriptional programs, whereas inflammasome
signaling via NLRP3 directly controls IL15 mat-
uration largely at the posttranscriptional level.
Determining which target best preserves anti-
bodymediated phagocytosis while attenuating
damaging cytokines is critical for enhancing ef-
ficacy and extending disease coverage.

Results & Discussion

Prasinezumab recognizes a Cterminal epitope
on asynuclein (aall8126) with strong pref-
erence for aggregated, seedcompetent species
(subnanomolarpicomolar binding to preformed
fibrils) while retaining measurable monomer

affinity (KD ~620 nM), and it acts by seques-
tering extracellular seeds, reducing neuronal
uptake, and promoting Fcdependent microglial
clearance; preclinically it lowers inclusions and
gliosis with incomplete rescue of dopaminergic
neurons, and clinically it shows low CSF expo-
sure (~0.3%) and modest or equivocal efficacy
in PASADENA despite serum pharmacody-
namic effects [r2, xia02025, kallunki2025,
geerts2023,
nimmo2021amyloid Sandasynuclein,
menon2022].  These features underscore that
intracellular proteostasis, mneuroinflammatory
drivers, and mitochondrial dysfunction remain
incompletely addressed by extracellular neutral-
ization alone and support rational combinations
that preserve FcyRmediated phagocytosis while
reducing inflammatory injury [r2, menon2022,
geerts2023].

pagano2021, pagano2021a,

To identify a pairing that selectively attenuates
inflammation without compromising phagocy-
tosis, human transcriptomic analyses were re-
examined using samplelevel module scores de-
fined as the mean expression of curated gene
sets for TNFa/NFB signaling (inflammation)
and phagocytosis computed from pseudobulk
microglial profiles and tested via Spearman cor-
In PD substantia nigra microglia,
inflammatory and phagocytosis programs were
strongly positively coupled (p = +0.751, p =
1.72 (E 10°%), arguing against a simple tradeoff
between these functions; this relationship per-
sisted after adjusting for XPO1 expression (par-
tial r = 0.735, p = 5.53 (E 10%) [r44]. XPO1
expression itself correlated with the NFB in-
flammatory module (p = 0.459, p = 0.0107)
and was elevated in PD versus control microglia,
but showed no significant association with the
phagocytosis module (p = 0.264, p = 0.159),
indicating it does not track with clearance ca-
pacity in this dataset [r41, r44]. The coupling of
XPO1 to inflammatory and phagocytic modules

relation.
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varied by context: in bulk spinal cord from the
NYGC ALS cohort, XPO1 exhibited very strong
positive correlations with both phagocytosis (p
= 0.784, p = 2.77 (B 1033%) and NFB mod-
ules (p = 0.826, p = 1.22 (B 10%) across ALS
and controls, underscoring robust coactivation
at tissue scale [r82]. Functionally, pharmaco-
logic XPO1 inhibition (selinexor) reprogrammed
macrophage checkpoints but did not increase
phagocytic activity in the only direct assay
identified, and no preclinical data were found
demonstrating that XPO1 or EIF4Eaxis modu-
lation reduces asyn propagation, weakening the
case for synergy with an antispread antibody
[r16, r58, bernal2020, jimenez2020, menon2022,
correddu2019, tan2020, tavassoly2021].

In contrast, convergent preclinical evidence
shows that suppressing the NLRP3 inflamma-
some reduces cytokine output while preserving
or enhancing microglial clearance. Genetic ab-
lation of NLRP3 or ASC and smallmolecule in-
hibitors such as MCC950 and fenamates lower
IL13, reduce amyloid burden, improve cogni-
tion, and have been attributed to improved mi-
croglial A phagocytosis, illustrating functional
uncoupling of inflammatory cytokines from en-
gulfment capacity in vivo and in vitro [r67,
nizami2019]. Broader myeloid programs that
bias toward proclearance while limiting inflam-
mation (e.g., TREM2/TYROBP, TAM recep-
tors, nuclear receptors LXR/RXR and PPAR~,
and Nrf2) further validate the feasibility of
reducing cytokines without blunting phagocy-
tosis across CNS models, albeit with known
context dependencies and safety considerations
[r67, yu2022, chen2022, pinto2020]. Consistent
with a mechanism acting posttranscriptionally,
human microglial mRNA analyses showed that
NLRP3 expression did not correlate with the
NFB inflammatory module in PD (p = 0.022,
p = 0.910) or AD (p = 0.141, p = 0.576), but
did show a positive association with phagocyto-
sis signatures (PD: p = 0.373, p = 0.042; AD:
p = 0437, p = 0.070), supporting preserva-
tion of phagocytic programs alongside potential
cytokine suppression when targeting this axis
[r71]. Together, these data suggest that NLRP3
inhibition can dampen inflammasomedependent
cytokines while maintaining the FcyRmediated
uptake that prasinezumab relies on.
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Figure 4: Phagocytosis and inflammatory gene programs
are co-regulated in human brain tissue. (A) A phago-
cytosis gene module score shows a significant positive
correlation with an NF-B pathway inflammatory score
across brain samples from individuals with Parkinson’s
disease (PD, n=21) and controls (n=9). (B) In contrast,
the correlation between the phagocytosis score and log-
normalized XPO1 expression is not statistically signif-
icant in the same cohort. These findings suggest that
broad suppression of inflammation may inadvertently
compromise phagocytic activity due to the co-regulation
of these pathways. (Source: [r44])

Practically, combining prasinezumab with a
brainpenetrant NLRP3 inhibitor provides a
mechanistically coherent strategy to improve ef-
ficacy by simultaneously neutralizing extracellu-
lar asyn seeds and curbing IL1Adriven neuroin-
flammation without sacrificing Fc receptorde-
pendent phagocytosis. In earlystage trials, com-
posite pharmacodynamic readouts could include
CSF IL18 and related inflammasome markers,
seedamplification activity for aggregated asyn,
serum free asyn, and microglial activation imag-
ing, alongside motor endpoints, to detect addi-
tive benefit over monotherapy [r2, pagano2021,
menon2022]. Because the NLRP3phagocytosis
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Figure 5: XPO1 expression correlates with a phagocyto-
sis gene module in Parkinson’s disease brain tissue. Bar
plots show the Spearman correlation (p) between XPO1
transcript levels and curated module scores for NF-B in-
flammation and phagocytosis in post-mortem brain tis-
sue from cohorts with (A) Parkinson’s disease (n=30)
and (B) Alzheimer’s disease (n=18). The significant pos-
itive correlation between XPO1 and the phagocytosis
module in Parkinson’s disease (p=0.042) suggests that
inhibiting XPO1 may compromise this clearance path-
way. (Source: [r71])

relationship is observed across PD and AD
microglia and cytokinephagocytosis uncoupling
has been demonstrated in multiple CNS con-
texts, this pairing may also facilitate indication
expansion to synucleinopathies beyond Parkin-
sons disease where extracellular seeding and
microglial inflammasome activity contribute to
pathology, while avoiding the contextdependent
coupling and limited phagocytic support ob-
served with XPOldirected approaches [r16, r41,
rd4, r58, r67, 71, r82].
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Figure 6: XPO1 expression is positively correlated with
both phagocytosis and NF-B inflammatory gene module
scores. Scatter plots of transcriptomic data show XPO1
expression (TPM) versus (A) a phagocytosis module
score and (B) an NF-B module score in samples from
control and neurodegenerative disease cohorts (n =
154). These strong correlations suggest that inhibiting
XPO1 would suppress both phagocytic function and
inflammation, failing to separate these two pathways.
(Source: [r82])

Trajectory Sources

Trajectory r2: Defining prasinezumabs extra-
cellular, Cterminalfocused engagement of ag-
gregated alphasynuclein clarifies that core in-
tracellular clearance defects, neuroinflammatory
drivers, and mitochondrial dysfunction remain
incompletely addressed and are logical targets
for synergistic combination therapy (...

Trajectory r16: The available preclinical litera-
ture in the provided context does not demon-
strate that inhibiting XPO1 (e.g., selinexor)
or modulating EIF4E/cap-dependent transla-
tion (e.g., rapamycin, e[F4E/4E-BP manipula-
tion) directly reduces cell-to-cell propagation or
anatomical spread of a-synuclein, so the hyp...

Trajectory r41l:

## Analysis Results: XPO1 and NF-B Inflam-
matory Signature Correlation in PD Microglia
### Primary Finding
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XPO1 expression shows a **moderate, statisti-
cally significant positive correlation** with the
NF-B inflammatory gene signature in microglia
from substantia nigra tissue.

**Key Statistical ...

Trajectory r44:

## ANALYSIS RESULTS

### PRIMARY FINDING: HYPOTHESIS
REJECTED

The hypothesis that pro-inflammatory state is
negatively correlated with phagocytosis gene ex-
pression in PD microglia was **REJECTED**.
Instead, a **strong positive correlation** was
observed.

**Primary Analysis Results:** - **Inflamma...

Trajectory r58: The available preclinical evi-
dence shows that pharmacologic XPO1 inhibi-
tion (selinexor) modulates myeloid phenotype
but does not measurably alter phagocytic ac-
tivity in macrophages, thus the hypothesis is
not supported by functional assays to date
(bernal2020 pages 150-157...

Trajectory r67: Published preclinical litera-
ture in neurodegeneration and stroke provides
multiple examples where modulating defined
myeloid pathways suppresses proinflammatory
cytokine output while preserving or enhancing
phagocytosis, supporting the research hypothe-
sis. (nizami2019 pages...

Trajectory r71:

## ANALYSIS RESULTS: NLRP3 Correlation
with Inflammation and Phagocytosis in Neu-
rodegenerative Diseases

##4 Summary

NLRP3 expression does **not** exhibit the ex-
pected "uncoupling" signature (positive corre-
lation with inflammation, no correlation with
phagocytosis). Instead, across both Parkin-

son’...

Trajectory r82:

# ANALYSIS COMPLETE: XPO1 Transcrip-
tional Coupling in NYGC ALS Dataset

#4 PRIMARY RESULTS

In the NYGC ALS Consortium bulk RNA-seq
dataset from lumbar spinal cord (n=154: 119
ALS, 33 Control, 1 ALS-FTD, 1 ALS-AD),
XPO1 expression shows **strong and highly
significant positive correlations®* with b...
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Indication expansion landscape: LRRK2 is PD-focused,
while XPO1 and EIF4E lack propagation synergy and

cross-disease robustness

Summary

Prasinezumab neutralizes extracellular, Cter-
minal aggregated alphasynuclein and likely
leaves intracellular proteostasis and inflamma-
tory drivers insufficiently addressed. Cross-
disease analyses support pairing prasinezumab
with LRRK2 inhibition for Parkinsons disease
(PD) using biomarkerenriched designs, whereas
XPO1 and EIF4E lack direct antipropagation
evidence and show inconsistent diseaselayer val-
idation, making them weak choices for efficacy
synergy or indication expansion.

Background

Alphasynucleinopathies are driven in part by
prionlike spread of misfolded alphasynuclein,
motivating immunotherapies that neutralize ex-
tracellular seeds to slow network propagation.
Yet most toxic burden is intracellular and in-
tertwined with lysosomal dysfunction and mi-
croglial activation, suggesting that antibodies
alone may be insufficient and that rational com-
binations should couple extracellular seed con-
trol with restoration of intracellular clearance
and immune homeostasis. Because proteinopa-
thy biology varies across PD, multiple system
atrophy (MSA), Lewy body dementia (LBD),
tauopathies, and Alzheimers disease (AD), the
selection of a second target should be guided
by mechanistic complementarity to the antibody
and by crossdisease robustness to support indi-
cation expansion.

Results & Discussion

Prasinezumab recognizes a Cterminal epitope
on alphasynuclein (aall8126) with preferential
affinity for aggregated/seedcompetent species
(subnanomolarpicomolar to preformed fibrils)
while retaining measurable monomer binding
(KD ~ 620 nM); Cterminal truncations (e.g.,
1119) diminish recognition and inhibition [r2].
Proposed actions include sequestration of extra-
cellular seeds to block neurontoneuron spread,
reduced neuronal uptake from the synaptic cleft,
and Fcdependent microglial clearance, with pre-

clinical evidence that the 9E4/prasinezumab lin-
eage can engage autophagylysosomal pathways
in vitro [r2]. In vivo, prasinezumablike anti-
bodies reduce inclusions and gliosis and pre-
serve synaptic integrity but incompletely res-
cue dopaminergic neuron loss; clinically, serum
free alphasynuclein decreases while central ex-
posure is low (CSF ~ 0.3%), PASADENA did
not meet primary endpoints, and only posthoc
motor signals emerged, consistent with a small
extracellular target pool and limited CNS ex-
posure [r2]. Methodofaction mapping indicates
intersection with endolysosomal handling of in-
ternalized seeds and microglial activation, but
no human data demonstrate restoration of lyso-
somal function or durable modulation of inflam-
matory cascades; mitochondrial rescue is unre-
ported [r2]. Key constraints include predomi-
nantly intracellular pathology, epitope escape by
Cterminal truncation, exosomal shielding, strain
heterogeneity, and the lack of robust aggregat-
edspecies targetengagement assays, all of which
argue for combinations that augment intracellu-
lar clearance and temper microglial Tolllike re-
ceptor signaling [r2].

Among candidate partners, LRRK2 stands
out for PD on genetics, druggability, and
orthogonal biology. LRRK2 is a gainoffunction
serine/threonine kinase in monogenic and
riskenriched PD, with cellular phenotypes (e.g.,
centrosomal alterations) rescued by kinase inhi-
bition; multiple brainpenetrant smallmolecule
inhibitors are in clinical development, with
reversible pulmonary changes observed in
nonhuman primates and programs that include
G2019Sselective approaches [r6]. Mechanisti-
callyy, LRRK2 inhibition targets intracellular
trafficking, lysosomal biology, and immune
cell function, complementing prasinezumabs
extracellular seed neutralization; notably,
many LRRK2PD cases are alphasynuclein
seedingassay positive (~67.5%), supporting
synergy in synucleinopathydominant subgroups
[r6].  Biomarker readiness is high: whole-
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blood pS935 and total LRRK2, neutrophil
pRabl0 Thr73 (a direct substrate), uri-
nary bis(monoacylglycerol)phosphate (BMP),
and urinaryexosomal pS1292 normalized to
total LRRK2 provide pharmacodynamic
anchors; practical assay guidance favors neu-
trophils/whole blood and changefrombaseline
analyses due to PBMC variability [r18]. A
biomarkerenriched PD design should therefore
combine prasinezumab with a brainpenetrant
LRRK2 inhibitor, select alphasynuclein SAA-
positive participants and enrich for LRRK2
mutation or elevated pathway activity (e.g.,
pRabl0), and verify target engagement with
pS935/pRabl0 while tracking alphasynuclein
SAA kinetics as diseaseproximal pharmacody-
namics [r6, r18].

Crossdisease analyses constrain LRRK2based
indication expansion. In AD microglia (snR-
NAseq, prefrontal cortex), LRRK2 shows no
differential expression between AD and con-
trol across 4,126 nuclei (adjusted p=1.0; neg-
ligible effect size), arguing against a broad mi-
croglial transcriptional signal in AD [r26]. With
tau, LRRK2 can modulate pathology in specific
contextskinase inhibition (MLi2) normalized
G2019Sdependent acceleration of AT8defined
spread in a seedinjection modelbut evidence is
mixed overall and absent for efficacy in clas-
sic tauopathy transgenics (e.g., P301S/P301L),
limiting support for primary tauopathies such
as PSP/CBD [r21]. In MSA, large genetic stud-
ies show no riskincreasing association and even
a protective p.M2397T signal in pathologycon-
firmed cohorts; mechanistic data in oligoden-
droglial systems are lacking [r31]. In LBD, rare
pathogenic carriers exist but largescale analy-
ses do not support a major risk effect; a locus
tagging LRRK2 G2019S associates with reduced
dementia within LBD, and LBDspecific mecha-
nistic data are sparse [r54]. Together, these find-
ings favor a PDfocused prasinezumab+LRRK2
strategy rather than nearterm expansion to AD,
primary tauopathies, MSA, or LBD [r21, 126,
r31, rb4].

By contrast, XPO1 and EIF4E do not presently
meet the bar for propagationoriented synergy
or crossdisease robustness. Although AD tran-
scriptomics reported modest XPO1 upregu-
lation and EIF4E downregulation, an inde-

LRRK2 Expression in Microglia from AD vs Control Brain
GSE174367 Prefrontal Cortex snRNA-seq

Log2FC = 0.0101
p = 0.946 (t-test)

@ AD samples
p = 0.715 (Wilcoxon) @ Control samples
Cohen's d = 0.034

LRRK2 Expression (log-normalized)

0.00

Control

AD
(n=11, 2,742 cells) (n=7, 1,384 cells)

Figure 7: LRRK2 expression in microglia is not signifi-
cantly altered in the Alzheimer’s disease prefrontal cor-
tex. The violin plot displays log-normalized LRRK?2 ex-
pression from snRNA-seq data comparing Alzheimer’s
disease (AD; n=11) and control (n=7) donors, with sta-
tistical analysis showing no significant difference between
groups (p > 0.7). This lack of differential expression in
AD supports a disease-specific therapeutic rationale for
LRRK2 inhibition in Parkinson’s disease. (Source: [r26])

pendent DIA LCMS/MS proteomics dataset
(PXDO034525) detected neither protein as sig-
nificantly altered in hippocampus or temporal
neocortex after FDR correction (FDR 0.077),
with only medium, nonsignificant effect sizes in
hippocampus and negligible effects elsewhere,
undermining proteinlevel validity of the tran-
script signals [r15].  Critically, the preclinical
literature surveyed here provides no demonstra-
tions that XPO1 inhibition (e.g., SINEs) or
EIF4E/4EBPdirected interventions reduce al-
phasynuclein propagation in PFFbased cellu-
lar or in vivo spread models; rapamycinlike
autophagy induction lowers palphasyn in non-
propagation contexts but has not been shown
to limit donortorecipient transfer or anatomical
spread [r16]. In TDP43 systems, XPO1 inhi-
bition does not increase nuclear TDP43 or re-
duce the cytoplasmic pool at tolerated doses,
and redundancy of export routes (XPO1, XPO7,
NXF1) further argues that blocking XPO1 alone
is unlikely to constrain secretion or seeding; no
studies tested TDP43 transmission endpoints
under XPO1 blockade [r23]. Collectively, the
lack of propagation data and discordant disease-
layer validation weaken the rationale for pairing
prasinezumab with XPO1 or EIF4E for efficacy
or expansion [r15, r16, r23].

Programmatically, the data prioritize a PDfo-
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A. XPO1 Dysregulation in Alzheimer's Disease
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B. EIF4E Dysregulation in Alzheimer's Disease
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Figure 8: XPO1 and EIF4E show inconsistent dysreg-
ulation across transcriptomic and proteomic datasets in
Alzheimer’s disease. Bar plots show the log2 fold change
(AD vs. control) for (A) XPO1 and (B) EIF4E from
transcript data in the fusiform gyrus and protein data
in the hippocampus and superior middle temporal gyrus
(SMTG). While both targets show significant changes at
the transcript level (FDR < 0.10), these are not consis-
tently validated at the protein level. This lack of robust
validation across different molecular layers and brain re-
gions weakens the rationale for targeting XPO1 or EIF4E
as an indication expansion strategy. (Source: [r15])

cused prasinezumab+LRRK2 inhibitor trial
with  biomarkerenabled stratification and
pharmacodynamics (alphasynuclein SAA for
disease presence/kinetics; pS935 and neutrophil
pRabl0 for target engagement; urinary BMP
and exosomal pS1292 as complementary lyso-
somal readouts), while monitoring classspecific
safety [r6, r18].  For indication expansion
beyond PD, combinations should pivot away
from XPO1/EIF4E and favor mechanisms that
generalize across proteinopathies and interface
directly with extracellular seeding and intra-
cellular clearancenamely lysosomal/autophagy
enhancers (e.g., glucocerebrosidase modulation)
and microglial pathway modulators that temper
Tolllike receptordriven activation and reduce
uptake/propagation, consistent with evidence
that manipulating uptake/exosomal pathways

and microglia can limit alphasynuclein spread
and with the antibodys mechanistic footprint
[r2, r16]. This staged strategy aligns mechanis-
tic complementarity with biomarker feasibility
to maximize the probability of clinical benefit
and derisk indication expansion.
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Trajectory Sources

Trajectory r2: Defining prasinezumabs extra-
cellular, Cterminalfocused engagement of ag-
gregated alphasynuclein clarifies that core in-
tracellular clearance defects, neuroinflammatory
drivers, and mitochondrial dysfunction remain
incompletely addressed and are logical targets
for synergistic combination therapy (...

Trajectory r6: The research hypothesis is sup-
ported: LRRK2 is a druggable kinase with
clinical-stage evidence and a clear mechanistic
complementarity to prasinezumab, making it
a strong combination candidate (manoutchar-
ian2024 pages 8-9, xia02025 pages 3-4, lange20...

Trajectory r15: ## ANALYSIS COMPLETE:
PROTEOMICS VALIDATION OF XPO1 AND
EIF4E IN ALZHEIMER’S DISEASE

##4# Main Finding **The transcript-level dys-
regulation of XPO1 and EIF4E in Alzheimer’s
Disease (AD) is NOT validated at the protein
level.** Analysis of an independent proteomics
dataset (PXDO034525) from AD postmor...

Trajectory r16: The available preclinical litera-
ture in the provided context does not demon-
strate that inhibiting XPO1 (e.g., selinexor)
or modulating EIF4E/cap-dependent transla-
tion (e.g., rapamycin, el[F4E/4E-BP manipula-
tion) directly reduces cell-to-cell propagation or
anatomical spread of a-synuclein, so the hyp...

Trajectory r18: Yesthe literature contains ac-
tionable genetic, biochemical, and functional
biomarkers for both XPO1 and LRRK2 that en-
able stratification and pharmacodynamic mon-
itoring across PD and ALS/FTD, supporting
identification of subpopulations most likely to
benefit from prasinezumab plus a pathway in-
hibito...

Trajectory r21: The hypothesis is only partially
supported: LRRK2 kinase activity can modu-
late tau pathology in specific experimental con-
texts and LRRK2 inhibition reduces tau spread
in a G2019S seed-injection model, but evidence
is mixed, largely preclinical, and absent for effi-
cacy in classic tauopathy transgenic...

Trajectory r23: Based on the available pre-
clinical evidence, inhibition of XPO1 has not
been shown to reduce cell-to-cell propagation of

pathological TDP-43, so the hypothesis is not
supported.

Trajectory r26: LRRK2 expression is NOT
significantly up-regulated in microglial cells
from Alzheimer’s Disease patients compared to
controls. This finding contradicts the research
hypothesis.

## Key Quantitative Results

**Dataset Analyzed:** - GSE174367: Single-
nucleus RNA-seq from AD prefrontal cortex
(Morabito...

Trajectory r31: Current evidence does not
support a mechanistic implication of LRRK2
in MSA: risk-increasing genetic associations
are absent or inconsistent (with one protective
signal), no postmortem expression/kinase data
in MSA brain are available here, and LRRK?2s
modulation of alpha-synuclein is demonstrated
i..

Trajectory r54: Evidence linking LRRK2 to
LBD pathogenesis is limited and largely indi-
rect: large-scale genetics argue against a ma-
jor risk effect, a G2019S-tagging locus asso-
ciates with reduced dementia within LBD, post-
mortem LB-pathology data suggest expression
changes but not in LBD per se, and preclinical
LBD-f...
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