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bodies patients

Marlies Oosthoek”, Sjors GJ.G. In ‘t Veld"?, Lisa Vermunt'?, Yuanging Ye?, Manon van Ingen’,
Marleen Koel-Simmelink', Everard G.B. Vijverberg?, Satya Saxena®, Steven Hersch?, Michael Irizarry*, Pallavi Sachdev’
and Charlotte E. Teunissen'

Abstract

Background Irsenontrine (E2027) is a potent and selective PDE9 inhibitor that increases cellular cGMP, essential for
glutamatergic synaptic function, and was investigated as symptomatic treatment for dementia with Lewy bodies
(DLB). A recent Phase 2 study suggested differences in clinical responses in irsenontrine-treated DLB patients
depending on amyloid (AB) co-pathology. In this post-hoc CSF proteomic sub-study, we evaluated how protein levels
and biological pathways changed from baseline in DLB participants with and without amyloid co-pathology (AR" and
AB7). We hypothesized that the treatment with irsenontrine affects specific protein pathways, which is attenuated in
AR+ DLB patients.

Methods The CSF proteome was measured using proximity extension assay (PEA) proteomics in all available paired
baseline and week 9 CSF samples from a trial with irsenontrine. This included 9 AB* and 6 AR~ DLB patients (CSF
Lumipulse AB42/40 cut-off 0.057) with a mean +sd age of 76+£6 years and 67% were male. We determined the
treatment effect stratified by amyloid status using paired Wilcoxon tests on the protein levels (p <0.05) and individual
pathway enrichment KEGG pathway z-scores (p < 0.05).

Results Following irsenontrine treatment, CSF protein level changes were present in both groups (DLB AB™ 10
up; 32 down; DLB AB™ 16 up; 27 down). More pathways were affected in DLB AR~ (5 pathways), compared to DLB
ABR* (3 pathways), and several of these were related to the mechanism of action, including the upregulation of the
Pantothenate and CoA biosynthesis pathway (upregulated in AR* and AR™), and downregulation in the GABAergic
synapse pathway (DLB AR~ only).

Conclusion This global proteomics analysis in this DLB clinical trial suggests that, despite the small number of
treated participants, there were changes in CSF proteins related to the mechanism of action, as indicated by the
upregulation of pantothenate and CoA biosynthesis pathway, which relates to glutamate metabolism. In addition,
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more pathways that were associated with the mechanism of irsenontrine were affected in the DLB AR~ vs. AB* group,
supporting differential effects based on presence or absence of amyloid co-pathology.

Trial registration information The clinical trial was registered at clinicaltrials.gov with NCT03467152 at March 16th
2018. Patient enrollment started on the 4th of May 2018. Trial protocol and statistical analysis plan can be accessed on

clinicaltrials.gov.

Keywords Dementia with Lewy bodies, Co-pathology, Phosphodiesterase 9 inhibitor, Proteomics

Background

Dementia with Lewy bodies (DLB) is the second most
common cause of dementia [1]. DLB is pathologically
characterized by the aggregation of a-synuclein in neu-
rons or neurites, known as Lewy Bodies or Lewy neurites,
respectively [2]. Clinical symptoms include progressive
cognitive decline, recurring visual hallucinations, REM
sleep disorder, and parkinsonism (bradykinesia, rest
tremor, or rigidity) [3]. Most countries have no symp-
tomatic treatments to reduce cognitive symptoms avail-
able for DLB, while off-label prescriptions may include
cholinesterase inhibitors [4, 5]. However, the efficacy of
these drugs is limited and there is a need for improved
symptomatic drugs.

Irsenontrine (E2027) is a phosphodiesterase 9 (PDE9)
inhibitor that improved cognitive functioning in pre-
clinical models [6, 7]. PDE9 converts cyclic guanosine
monophosphate (cGMP) to its inactive form 5’-GMP, and
inhibition of PDE9 results in increased levels of cGMP [6,
7]. cGMP functions as a second messenger and activates
protein kinase G (PKG) [8]. This in turn phosphorylates
CREB (pCREB), a transcription factor involved in synap-
tic plasticity and long-term memory. The phosphoryla-
tion of CREB leads to synthesis of proteins and dendritic
spines required for memory function and synaptic plas-
ticity, such as brain derived neurotrophic factor (BDNF)
and the regulation of the incorporation of AMPA-selec-
tive glutamate receptor 1 (GluA1l) [9-12].

One of the major hurdles in the treatment of DLB is
that it is highly heterogeneous and often presents with
significant AD co-pathology [13, 14]. Co-pathology may
reduce the efficacy of a treatment, and this is hypothe-
sized to be the case for irsenontrine. While irsenontrine
had no effect on cognition in DLB in a phase 2 study,
a post-hoc analysis suggested a potential treatment
response on cognitive and clinical parameters (MoCa and
CIBIC+ scores) in amyloid negative DLB patients [15].
Amyloid B (AP) interferes with the activation of pCREB
on several different levels in the pathway, which might
be the reason for the better efficacy with irsenontrine in
AP~ DLB patients [15, 16]. We hypothesize that differ-
ent pathways are affected, in the presence or absence of
AD co-pathology, and that these effects can be elucidated
using CSF proteomics. Such differences may provide

possible insights into the mechanism of action of the
drug and aid in future patient selection.

Methods

Clinical study design and eligibility criteria

The study was a multicenter, single-arm Phase 2a study
evaluating the effect of 50 mg of irsenontrine adminis-
tered once daily for 12 weeks (NCT03467152). The trial
assessed safety, pharmacodynamics, and pharmacokinet-
ics in patients with DLB and Parkinson disease-demen-
tia (PDD) in four diagnostic cohorts (DLB with (DLB
AP*) and without (DLB Af") and PDD with (PDD Af*)
and without (PDD AP°) amyloid co-pathology based on
the ratio of plasma concentration of AB42/AB40<0.092
(based on the C2N Precivity assay). For the purpose of
this sub-study, amyloid co-pathology was determined
based on CSF Lumipulse AB42/40 cut-off 0.057 [17, 18].
Patients were eligible when aged between 50 and 85, they
met criteria for probable DLB or probable PDD and had
an MMSE score of >14 and <26. Patients receiving ace-
tylcholinesterase inhibitors or memantine had to be on a
stable dose for the last 12 weeks. Patients receiving PD
medication had to be on a stable dose for at least 4 weeks.

Biomarker and clinical outcomes as defined in the trial

The primary endpoint was the change from baseline
in CSF cGMP levels at 9 weeks, indicating positive tar-
get engagement and was measured at baseline and end
of treatment for 16 participants. Exploratory endpoints
included clinical outcomes, including the MoCa and
Mini Mental State Exam (MMSE) at 12 weeks of treat-
ment as well as plasma and CSF biomarkers measured
at baseline and after 9 weeks of treatment. Plasma bio-
markers included AB42/40 ratio measured using the Pre-
civity assay (C2N, USA) and p-taul81 (singleplex), NFL,
and GFAP (NFL and GFAP duplex) measured using the
Simoa HD-X analyzer (Quanterix, Billerica, Massachu-
setts, USA). CSF Neurogranin (NRGN) was measured
with ELISA (EUROIMMUN ELISA, Liibeck, Germany),
and NFL was measured using the Simoa HD-X analyzer
(Quanterix, Billerica, Massachusetts, USA). CSF Ap42,
AP40, pTaul8l, and tTau were measured at baseline and
after 9 weeks using Lumipulse (Fujirebio Gent, Belgium)
and the ratio was calculated. CSF ¢cGMP was measured
as target engagement marker using a validated liquid



Oosthoek et al. Alzheimer's Research & Therapy (2026) 18:139

chromatography method applying tandem mass spec-
trometry. For the purpose of this study, amyloid positiv-
ity was based on the CSF A[342/40 ratio using a cut-off of
<0.057 [17, 18].

CSF proteomics sub-study patient selection

For this post-hoc CSF proteomics DLB sub-study evalu-
ating the effect of irsenontrine, we selected participants
with a diagnosis of DLB, known CSF amyloid status, and
a baseline sample available (#=18). There were 15 par-
ticipants with baseline and week 9 samples available. In
addition, we selected a group of cognitively unimpaired
(CU) individuals from the Amsterdam Dementia Cohort
(ADC), who were included as controls (z=17). The CU
group was age and sex matched to the trial participants
and had a normal AD CSF biomarker levels (Ap42 <813
pg/mL, pTaul81 >51 pg/mL, and tTau > 375 pg/mL, tTau/
AP ratio > 0.46, positivity was based on the ratio) [19-21].
The CSF biomarker levels of the CU individuals were
determined using commercially available kits (ELISA
Innotest AP42, hTAUAg, phospho-Tau(181P) (Fujirebio,
Gent, Belgium). Drift correction was applied where nec-
essary and the levels were transformed to Lumipulse in
the comparison with the DLB group [22].

CSF proteomics sub-study measurements

In both the ADC and trial samples, CSF was obtained by
lumbar puncture and collected in polypropylene tubes.
Samples were centrifuged at 2000 x g for 10 min at room
temperature. Aliquots were stored in polypropylene
tubes at -80 °C until analysis. Control samples and DLB
samples were measured in the same run to reliably com-
pare the proteomic profiles.

Proteomics was performed using antibody-based prox-
imity extension assay (PEA) technology with the Olink
Explore 3072 panel. In brief, upon binding of the anti-
body pairs to the protein, the oligonucleotide-strands
connected to the antibody form a PCR chain reaction.
This combination allows for specific and sensitive protein
measurements. The protein measurements are expressed
as normalized protein expression (NPX) values. A stan-
dardized QC pipeline was applied as we described earlier
[23-26]. Only if protein levels were detectable in 85% or
more of the sample, they were included in the analyses.
Forty-two proteins were excluded because the assay did
not meet the batch-release quality-control criteria as
defined by Olink. Resulting in a total 1720 proteins to be
included in the final analyses.

Statistical analysis

Data was analyzed using R version 4.4.3 Group differ-
ences in demographics were determined using t-tests
(DLB vs. CU). Fisher’s exact test was used to evaluate the
sex distribution stratified per amyloid status.
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All group comparisons were performed with Wilcoxon
signed-rank tests. Baseline comparisons (DLB vs. CU,
AB" DLB vs. CU, and AB~ DLB vs. CU) were done with
regular Wilcoxon tests. Baseline vs. week 9 effects were
analyzed with paired Wilcoxon signed rank tests.

To determine target engagement, the CSF cGMP levels
were compared using the paired Wilcoxon signed-rank
test. The analysis was stratified per amyloid status. The
absolute change per participant was calculated by sub-
tracting the baseline value from the week 9 value. The
following formula was applied to determine the percent
change: absolute change/baseline value * 100%. The Wil-
coxon signed-rank test was used to determine the differ-
ence in absolute and percent change stratified by amyloid
status.

To quantify pathway activity per sample, we performed
a sample-level enrichment analysis based on z-scores,
applying previously described methods [27]. Pathway-
specific protein sets were derived from the KEGG data-
base [28], in total 200 pathways were included in the
analyses. For each sample, the median NPX value of all
detected proteins in each pathway was compared to the
distribution of medians from 10,000 randomly sampled
protein sets of the same number of proteins from the
same sample. Z-scores were calculated per sample and
pathway. This method takes advantage of the large num-
ber of reliably measured proteins (z=1720). Enrichment
scores were used for downstream statistical testing.

Results

General results of the trial

Irsenontrine was safe and well-tolerated in DLB and PDD
and achieved robust pharmacodynamic responses in all
subgroups [15, 29]. The results did not support a differen-
tial pharmacodynamic effect (CSF cGMP) of irsenontrine
based on amyloid status. however, a trend toward larger
CSF cGMP % changes from baseline in DLB A" vs. DLB
AB"was observed when amyloid status was defined based
on CSF cut-point of 0.0571 [29].

Baseline participant characterization

Baseline proteomics data was available for 18 DLB
patients and 17 CU controls were included in this fol-
low-up study. DLB and CU groups had a mean age of
74 (sd+6) and 73 (sd+5) years respectively (Table 1).
Approximately two-thirds of the individuals were male
in the DLB and CU groups. Stratifying by amyloid sta-
tus, AB* patients had a mean age of 76 (sd + 6) years and
AP~ patients had a mean age of 75 (sd+4) years. All of
the AP~ patients were male, and just over half of the Ap*
patients were male (p=0.1033). The A" and Ap~ DLB
patients had a mean baseline MMSE score of 21 (AB*
sd+4; AB” sd+3).
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Table 1 Patient characteristics

CON- DLB(n=18) DLBAp* DLB AR~
TROL 2 (n=9)3 (n=6)3
(n=17)"
Age (sd) 73 (5) 74 (6) 76 (6) 75 (4)
Sex (M%) 11(65%) 12 (67%) 5 (56%) 6 (100%)
MMSE (sd) 29 (2) 21 (4) 21 (4) 21(3)
CSF AB42/40  NA 0.056 (0.0184) 0.045 0075
(sd) (0.0099)%**  (0.0143)***
CSF pTau181 404 (15.1) 83.8(67.9) 973 (649  39.7
(sd) (16.9)*
CSFtTau(sd)  320(59) 556 (423) 645 (407)* 277 (100)*
CSFNRGN (sd)  NA 464 (334) 555(323)** 222
(58.2)**
CSFDDC (IQR)  -2.74 -157(-203  -166(-219 143
(-3.14 --1.30) --1.30) (-1.68
--243) --0.95)
CSFCRH (IQR)  0.988 0.284 0.573 -0.595
(0613-  (-048-091)  (0.18-120)** (-1.10
1.28) --045)**
CSF MMP3 -1.16 1200160 -122(-160  -1.19
(IQR) (-1.63 --0.98) --1.16) (-1.50
--1.04) --1.02)
CSFABL1 (IQR) -146 -123(-148  -0814(-138  -1.50
(-1.56 --0.68) --0.55)* (-1.64
--137) --1.30)*
CSF MMP10 -1.91 -152(-175  -125(-162  -157
(IQR) (-2.21 --0.98) --0.06)* (-1.64
--1.44) --1.49)*
CSFTHOP1 -0.18 -0.21 0.09 -049
(IQR) (-050-  (-047-024)  (-042-059)  (-0.66
1.12) --0.17)

Control participants were selected from the Amsterdam Dementia Cohort
and had normal AD biomarkers. DLB participants were selected from study
203. Baseline NPX values are shown for six biomarkers characteristic of DLB, as
reported previously (Del Campo et al., [25]), and are presented as median (IQR)

Differences between AB+and A — DLB patients were assessed using Wilcoxon
signed-rank tests (*p <0.05; **p <0.01; ***p <0.001)

! Only 13 controls had absolute pTau181 and tTau data available. NRGN and
Ab42/40 data was not available for controls

2Sixteen of the 18 DLB participants had MMSE and CSF biomarker data available

3 Fifteen of the 18 DLB patients had amyloid status and baseline and end of
treatment proteomic data available

Baseline characterization of CSF proteomics of DLB
patients

Baseline protein levels were compared between DLB
patients and CU individuals to characterize the DLB
patients and allow a benchmark comparison of their pro-
teomic profile to published data of other DLB cohorts
[25, 30-34]. Two proteins were significantly down-
regulated and 54 were significantly upregulated in DLB
patients following FDR correction (Fig. 1A). The most
strongly upregulated proteins include C3 (q<0.0001;
FC=1.4748), DDC (q=0.0027; FC=1.1755), COL4A1l
(q=0.0094; FC=0.8924). The two downregulated pro-
teins were GAPDH (q=0.0145; FC=-1.1940) and
CKMT1B (q=0.0213; FC=-1.8121).
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Next, baseline characteristics of the AP" and A~
DLB patients were investigated. The selection of AB*
patients based on CSF Ap42/40 ratio, not surpris-
ingly, also resulted in higher pTaul8l (p=0.0176) and
tTau (p=0.0360) levels in this group (Supplemental
Fig. 1A-C). Moreover, the AB* DLB patients had higher
neurogranin levels (p=0.0076) compared to Ap~ DLB
patients (Table 1). Recent literature shows that a set of
6 markers can distinguish between DLB and AD (DDC,
CRH, MMP3, ABL1, MMP10, and THOP1) [25]. Here,
we show that the protein levels of the overall DLB group
followed a pattern characteristic of DLB when compared
to the CU group as seen in previous literature. The DLB
patients had high DDC and MMP10 levels and lower
CRH levels compared to the CU group (Table 1). When
stratifying by amyloid status, A" DLB patients follow a
more AD-like pattern with relatively higher ABL1 and
MMP10 levels and less decrease CHR levels compared to
AP~ DLB patients (Table 1), similar to what was observed
in the larger cohorts when comparing AD vs. DLB [25].
Reviewing the 56 proteins that were significantly dif-
ferent in the analyses comparing DLB patients with CU
individuals in the current trial cohort, these findings
indicate that the trial participants, both AB* as well as
AP~ patients, have a CSF proteomic profile consistent
with DLB (Fig. 1B). However, the AB* patients also show
positive AD biomarkers.

Treatment response per amyloid status

A direct marker of target engagement for irsenontrine
are the cGMP levels in the CSF. Increased levels of cGMP,
indicate target engagement. Here, we first investigated
treatment response stratified by amyloid status for the
participants of this sub study. All patients included in
this analysis (n=16) showed an increase in CSF cGMP in
both AB* and AR~ DLB patients (Fig. 2A). Purely focus-
ing on the absolute change, there was no difference
between AB" and AP~ DLB patients (Fig. 2B; FC=-0.445;
p=0.7925). However, focusing specifically on the per-
cent change, there is a larger percental increase in A~
DLB patients (Fig. 2C; FC=73.1; p=0.0312), indicating
a greater pharmacodynamic treatment response in A~
DLB patients. The larger percent increase can also par-
tially be attributed to the fact that baseline cGMP levels
are relatively lower in AR~ DLB patients, although not
significant (FC=-0.24; p=0.2198).

To evaluate the biological difference in treatment
response per amyloid status, the main study goal, differ-
ential protein expression between the baseline and week
9 was determined stratified by amyloid status. In the
AP~ DLB patients, levels of 32 proteins were decreased
and of 10 proteins were increased following treatment
(Fig. 2D). In the AB* DLB patients, levels of 26 proteins
were decreased and those of 17 proteins were increased
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Fig. 1 Differential protein expression in DLB patients compared with CU individuals. A Median protein expression differences between DLB patients
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significance in each comparison (DLB overall, AB—, AB+) relative to CU, based on Wilcoxon signed-rank tests

following treatment (Fig. 2E). Only three proteins were
overlapping in both AB* and AP~ namely DNM1, CTSV,
and KLK13. Levels of DNM1 were decreased in both
groups, while levels of CTSV were decreased in AB*
and increased in AP~ patients. Levels of KLK13 were
increased in A" and decreased in AP~ DLB patients. Of
the 56 proteins that were differentiated in DLB patients
vs. CU, only 2 proteins were affected following treatment.
Both proteins, LONP1 and REG1A, were only affected in
AB* DLB patients and were closer to levels observed for
CU individuals.

Pathway analysis

A total of eight KEGG pathways were affected as indi-
cated by pathway enrichment scores following irse-
nontrine treatment. A larger number of pathways was
changed following treatment in the AP~ (5 pathways)
compared to the AB* (3 pathways) DLB group. There was
only one pathway overlapping between the two groups:
the pantothenate and CoA biosynthesis pathway score

was increased in AR~ (p=0.013) and AB* (»p=0.0273) DLB
patients (Fig. 3A). In AP~ DLB patients, the phosphati-
dylinositol signaling system (p=0.013) and the apoptosis
(p=0.013) pathway scores were increased following treat-
ment (Fig. 3B-C). The GABAergic synapse (p=0.013),
virion — herpesvirus (p=0.013), and taste transduction
pathway (p=0.013) scores were decreased in AR~ DLB
patients following treatment (Fig. 3D-F). In the A}* DLB
patients, the mitophagy (p=0.0078) and salivary secre-
tion (p=0.0195) pathway scores were reduced following
treatment, while no pathway scores were increased in
AP* DLB patients (Fig. 3G-H).

Discussion

In this study, we investigated the effect Irsenontrine on
the CSF proteome of DLB patients and the difference
in biological response to this treatment in the presence
or absence of amyloid co-pathology. The percentage
increase in CSF cGMP was larger in the post hoc sub-
group of AP~ DLB patients. The proteomic study was
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Fig. 2 Differential treatment response stratified by amyloid status. A CSF cGMP levels (ng/mL) in AR- (green) and AR+ (yellow) patients. Paired Wilcoxon
signed-rank tests were used to compare baseline vs. end-of-treatment (EOT) values. B Absolute change in CSF cGMP between baseline and EOT, stratified
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Significance thresholds: *p <0.05; **p < 0.01; **p < 0.001

used to better understand this difference and generate
new hypothesis regarding affected pathways. We first
confirmed that typical DLB-related CSF protein abnor-
malities, such as DDC and IL18 [25], were detected
in both AB"™ and AR~ DLB groups. Secondly, the differ-
ential protein abundance profiles following the treat-
ment differed between the AB* and AP~ DLB patients.
This was also confirmed by differential representation
of the KEGG pathways following treatment with irse-
nontrine, distinct pathways were affected based on AD
co-pathology status and less co-pathology led to more
pathways being affected. Combined this suggests that
amyloid co-pathology attenuates the treatment response
of irsenontrine and that AD biomarkers may be a useful
screening strategy for a future clinical trial investigating
irsenontrine.

Irsenontrine inhibits PDE9, elevates cGMP, and
engages the PKG-CREB axis to support glutamater-
gic synaptic plasticity. Preclinical work shows neuronal

GluAl phosphorylation and memory improvement
with irsenontrine via cGMP elevation [11]. In this CSF
proteomics analysis, pathway-level pharmacodynamic
signatures consistent with this mechanism of action of
irsenontrine emerged. The pantothenate and CoA bio-
synthesis pathway scores were increased in both A" and
AP~ DLB patients following irsenontrine treatment, sug-
gesting improved metabolic capacity relevant to synap-
tic function. Pantothenate, also known as vitamin B5, is
required for the synthesis of Coenzyme A (CoA), which
has many metabolic functions and is essential for the
production of acetylcholine [35]. Although cGMP and
CoA are involved in different processes, cGMP signaling
can affect fatty acid metabolism in which CoA is involved
[36]. It has been shown that patients with Parkinson’s
disease dementia and Alzheimer’s dementia have lower
levels of pantothenate, which can result in reduced CoA
levels and reduced tricarboxylic acid (TCA) cycle func-
tioning [37, 38]. The reduced function of the TCA cycle
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has been reported in Lewy Body Diseases (LBD) and may
be indicative of mitochondrial dysfunction [39]. More-
over, impairment of the cholinergic pathways is a core
pathology in DLB [40]. Increased activity of this pathway
could therefore be beneficial and indicative of improved
overall energy metabolism and cholinergic function.

The Phosphatidylinositol (PI) signaling system and
apoptosis pathway scores were increased only in AB~
DLB patients, as shown by the pathway analysis. PI, a
phospholipid, is a building block for phosphoinositi-
des, which are involved in cell signaling and cell mem-
brane physiology [41, 42]. Interestingly, these molecules
are also involved in the process of apoptosis, the third
pathway increased only in AR~ DLB patients. Previous
research has shown that the NO-cGMP pathway, which
is activated by irsenontrine [11], can induce apopto-
sis in healthy neuronal cells when overstimulated [43].
However, it has also been shown that stimulation of the
cGMP/PKG pathway, which is targeted by irsenontrine
[11], has an anti-apoptotic effect in astrocytes following
ischemia [44]. Thus, the increase in the apoptotic path-
way shown here could be an effect of a more chronic
over-stimulation compared to the acute setting of stroke.
Polyphosphoinositides are also regulators in Ca®" sig-
naling [42], which is also involved in the cGMP-PKG-
pCREB pathway. This increase could thus also be directly
related to the effect of irsenontrine on cGMP and Ca**.
Potentially, both the increase observed in the PI signaling
and apoptosis are related to the same pharmacodynamic
effect.

The GABAergic synapse pathway score was lowered
in AP~ DLB patients following treatment. This pathway
represents a key inhibitory synapse in the central ner-
vous system [45]. GABAergic function can have complex
consequences: depending on the subtype of the neuron,
as well as the receiving receptors, the effects can vary
greatly [46]. GABAergic neurons located in the hippo-
campus have been stipulated to be involved in memory
and learning [47, 48]. Irsenontrine affects neurotrans-
mission through the cGMP pathway. It has been shown
that increased cGMP levels can inhibit GABA receptors,
however, this is cell dependent [49, 50]. This indicates
that irsenontrine can have an effect on the excitability
of neurons, due to reduced inhibitory effect of GABA.
Although the exact mechanism underlying the effect on
the GABAergic pathway remains speculative, these find-
ings support the effect of irsenontrine on neurotransmis-
sion. AP impairs the GABAergic pathway, resulting in
an excitatory/inhibitory imbalance [51, 52]. GABAergic
synapse pathway decreased in Ab- DLB patients follow-
ing treatment is therefore consistent with a shift toward
excitatory transmission when the cGMP cascade is intact
in the absence of amyloid co-pathology.

The mitophagy pathway score decreased only in AB*
DLB patients, suggesting differential mitochondrial
quality control in the presence of amyloid co-pathology.
Mitophagy—the process of degrading dysfunctional
mitochondria—is essential for maintaining neuronal
health, as mitochondria play a critical role in neuro-
transmission [53]. This finding represents the second
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mitochondrial-related pathway affected by treatment, the
first being pantothenate and CoA biosynthesis. Together,
these changes point to a treatment effect on mitochon-
drial function, particularly in AB* DLB. Increased activity
in the pantothenate/CoA pathway may reflect improved
energy metabolism, which could reduce the need for
mitophagy by limiting mitochondrial damage. Collec-
tively, these observations support a biologically plausible
link between irsenontrine’s cGMP-driven synaptic mech-
anisms and benefit in AB~ DLB, while highlighting how
amyloid co-pathology may attenuate certain neurotrans-
mission-related effects.

Lastly, the goal of the CSF proteomics analysis was to
characterize the DLB patients enrolled in this trial com-
pared to controls and relate this to larger cohorts from
literature. Here, we showed that DDC, a novel hallmark
of Lewy body related movement disorders involved in the
production of dopamine, was one of the proteins that was
most upregulated in DLB patients enrolled in this trial
compared to the control cohort, consistent with what
has been shown previously and characteristic of Lewy
body diseases (LBD) [25, 30—33]. IL18, an inflammatory
marker, has also been shown to be upregulated in DLB
versus controls in a previous study [34]. NEFL was sig-
nificantly upregulated in DLB compared to CU individu-
als, similar results (on a trend level) were observed on a
larger cohort [32, 33]. Similarly, other markers (FCER2,
MMP10, CRH, GH), although not significantly different
between DLB patients enrolled in the trial and the con-
trol cohort likely due to the small sample size, showed
a similar direction as previously described [25]. Over-
all, these results indicate that the DLB patients included
in this trial are a representative group of the overall
DLB population. Moreover, we show that both Af" and
AP~ patients follow a DLB specific pattern at baseline.
Because of this, we propose that the difference in treat-
ment response in the two subgroups would primarily be
driven by the underlying amyloid co-pathology.

In the current study, we demonstrate that proteomics
can support exploratory analyses within relatively small
clinical trial cohorts. The main limitations of this study
are the small sample size, particularly when stratified
per amyloid status, and the lack of a placebo group. As a
result, we were unable to apply multiple-testing correc-
tions in the baseline vs. week 9 analyses, thereby increas-
ing the risk of false positives. Moreover, the severity of
AD co-pathology can also influence the effects of co-
pathology on treatment efficacy. In the current study we
cannot purely base AD co-pathology status based on the
AB42/40 ratio. However, pTau or tTau can also inform
on the staging of disease. The sample size of the current
study is too small to investigate this further. Nonethe-
less, the broad scope of proteomics and pathway analysis
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allow for the generation of novel hypotheses that can be
explored in future clinical trials.

Conclusion

The current findings suggest that co-pathology has
an effect on the overall irsenontrine response, visible
in more proteins and pathways being affected in DLB
patients without AD co-pathology, suggesting that DLB
patients without amyloid co-pathology might respond
better to treatment. The impact of co-pathology in
clinical trials has been previously recognized with the
implication for precision medicine that biomarkers can
improve patient selection [25, 54, 55]. Here, we show that
there is a differential effect of irsenontrine on pathways
related to its anticipated mechanism of action. Specifi-
cally, in the AR~ DLB patients pathways related to cell sig-
naling and neurotransmission were affected. In the AB*
DLB patients, pathways related to the mitochondria were
more affected. It could be useful to focus future clinical
trials with irsenontrine on Ap~ DLB patients.
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