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Development of potent, selective cPLA2
inhibitors for targeting neuroinflammation
in Alzheimer’s disease and other
neurodegenerative disorders
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Anastasiia V. Sadybekov1,2,10, Marlon Vincent Duro3,10, Shaowei Wang4,10, Brandon Ebright5,
Dante Dikeman5, Cristelle Hugo4, Bilal Ersen Kerman4, Qiu-Lan Ma4, Antonina L. Nazarova1,2,
ArmanA.Sadybekov1, IsaacAsante6, StanG.Louie5,7 , VsevolodKatritch1,2,8 &HusseinN.Yassine4,9

Chronic neuroinflammation plays a key role in the progression of Alzheimer’s disease (AD), and the
cytosolic calcium-dependent phospholipase A2 (cPLA2) enzyme is a critical mediator of inflammatory
lipid signaling pathways. Here we investigate the therapeutic potential of novel cPLA2 inhibitors in
modulating neuroinflammation in AD. By leveraging the giga-scale V-SYNTHES2 virtual screening in
on-demandchemical spaceandconducting two roundsof optimization for potencyandselectivity,we
have identified BRI-50460, achieving an IC50 of 0.88 nM in cellular assays that measure cPLA2-
mediated arachidonic acid release. In vivo studies revealed favorable brain-to-plasma ratios,
highlighting the ability of BRI-50460 to penetrate the central nervous system, modulating
neuroinflammatory pathways, and restoring lipid homeostasis. In astrocytes andneuronsderived from
human induced pluripotent stem cells, BRI-50460 mitigates the effects of amyloid beta 42 oligomers
on cPLA2 activation, tau hyperphosphorylation, and synaptic loss. Our results support that small
molecule inhibitors of cPLA2 can modulate the downstream inflammatory signaling, offering a
promising therapeutic strategy for neurodegenerative diseases.

The lack of effective treatments for neurodegenerative diseases such as
Alzheimer’s disease (AD) underscores the challenge in identifying the cri-
tical pathways that influence neurodegeneration. Neuroinflammation is a
hallmark of AD and other neurodegenerative disorders. Inflammation-
related targets constitute one of the largest growing categories (approxi-
mately 16%) in the AD drug development pipeline1. Understanding the
complex role of neuroinflammation in disease pathogenesis unveils more
effective therapeutic approaches and druggable targets. Among the
inflammatory pathways driving chronic, unresolved inflammation are pro-
inflammatory mediators generated from arachidonic acid (AA)
metabolism2–4. The enzyme cytosolic phospholipase A2 (cPLA2) plays a

critical role in this process by hydrolyzing membrane phospholipids to
release AA, which is subsequently converted to both pro-inflammatory and
anti-inflammatory eicosanoids, with greater representation of proin-
flammatory pathways.

One of the key lipoproteins regulating brain lipid metabolism is apo-
lipoprotein E (ApoE), which exists in three common variants: ApoE2,
ApoE3, and ApoE4. The APOE4 allele is not only the strongest genetic risk
factor for late onset AD but also has been shown to exacerbate
neuroinflammation5. Our group has reported increased cPLA2 activity in
APOE4 cellular and animalmodels6, as well as in postmortembrain tissues7,
contributing to lipid dysregulation and neuronal damage. In this context,
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cPLA2 inhibitorsmay offer a novel therapeutic approach by addressing both
unresolved inflammation and lipid homeostasis. cPLA2 catalyzes the
hydrolysis of phospholipids, resulting in the production of free fatty acids
and lysophospholipids8. AsAPOE4 enhances the activation of cPLA2

6in the
brain, theω-6 to ω-3 balance is disrupted. Reducing cPLA2 activity realigns
the ω-6 to ω-3 balance9, suggesting an attractive therapeutic strategy.

The development of selective cPLA2 inhibitors has proven challenging
due to off-target effects and difficulties with isoform specificity, with the
additional challenge of blood-brain barrier (BBB) penetrance. After a dec-
ade of developing these compounds, only one has gone through human
trials (AK106-001616). A Phase 2 clinical trial explored AK106-001616 in
patients with rheumatoid arthritis (RA)10. While clinical safety for AK106-
001616has been established inRApatients, its ability to penetrate theBBB is
likely to be limited. Therefore, new, specific, and brain-penetrant cPLA2

inhibitors are needed.
In this study, we employed V-SYNTHES2, a novel approach to vir-

tually screen theEnamineREAL (REadilyAvailabLe) Space of 36 billion on-
demand synthesizable compounds for potential cPLA2 inhibitors. Opti-
mization of the initial hits in REAL Space resulted in several lead com-
pounds that merit further development. The most promising candidate
BRI-50460 potently and selectively inhibits cPLA2 in vitro and in our cel-
lular experiments; it also mitigates the effects of amyloid beta 42 oligomers
(Aβ42O) on cPLA2 activation, tau hyperphosphorylation, and synaptic and
dendritic reduction in induced pluripotent stem cells (iPSCs). These results
offer a therapeutic strategy that not only targets the enzyme itself but also
modulates the downstream lipid signaling pathways associated with AD
pathology.

Results
Giga-Scalevirtual screen forBBBpenetrantcPLA2 inhibitorswith
V-SYNTHES2
We used the V-SYNTHES2 platform to virtually screen the Enamine
REAL chemical space to identify potential small-molecule inhibitors of
cPLA2. Application of the V-SYNTHES2 enabled effective screening of
the 36-billion compound chemical space, while performing the docking
of only a small fraction of full molecules (~2 million). The algorithm
starts with the docking of a pre-generated Minimal Enumeration Library
(MEL) to the cPLA2 binding pocket (Supplementary Fig. S1). MEL
represents the whole chemical space, with ~1.8 million fragment-like
combinations of every reaction scaffold with one real synthon from the
chemical space, and minimal “caps” that substitute the real counter-
synthons. The best MEL compounds are selected based on the cPLA2

docking score and molecule pose in the binding pocket and enumerated
with the second real synthon. For 2-component reaction sub-space, full
molecules are generated after one round of enumeration: for
3-component reactions sub-space – after two rounds of enumeration.
The full molecules are then docked into the cPLA2 binding pocket, and
the best-scoring candidates are analyzed to make the final selection of
compounds for synthesis and testing.

A giga-scale virtual screening was performed using a ligand-optimized
cPLA2 structural model based on the apo-enzyme structure (PDB ID 1CJY,
Fig. 1). Candidate hit compounds were selected based on predicted docking
scores and binding poses (Supplementary Fig. S2), chemical novelty, and
diversity, and filtered for lowPAINS and toxicity scores, as well as high BBB
penetration properties. A total of 127 top-scoring compounds (Supple-
mentary Table S1) were selected for synthesis, out of which 117 compounds
were synthesized by Enamine in less than 6 weeks.

Identification of the Initial High-quality cPLA2 Inhibitor Hits
To test the predicted hit candidates in vitro, we used a cPLA2 inhibition
fluorescence assay (Fig. 2a), with commercially available cPLA2 inhibitor
ASB14780 serving as the positive control. This initial screen identified 19
compounds with >40% inhibition of cPLA2 at 10 μM for a prospective
screening rate of 16%. Dose-response curves measured for the best 7 new
compound chemotypes (Supplementary Table S2) showed IC50 values

below 10 μM, comparable to our reference inhibitor ASB14780 with a
determined IC50 = 6.66 μM in the same assay. The discrepancy in the IC50

value measured in this assay for ASB14780 from the previously reported
value of 20 nMfroma radiometric assay11 is to be expected, as IC50 values for
cPLA2 are influenced by lipid content due to the enzyme’s surface dilution
kinetics, where catalytic activity depends on membrane binding12,13. Assays
with higher lipid surface area or detergent-basedmicelles (as in radiometric
formats) typically yield lower apparent IC50 values than fluorescence assays
with soluble substrates14.Despite these differences, relative potency rankings
remain valid, as structurally related inhibitors show consistent trends across
formats.

Confirmed cPLA2 inhibitors have diverse chemical scaffolds with a
Tanimoto distance >0.3 between each other and >0.4 to known cPLA2

inhibitors. Figure 1 shows the diversity of predicted docking poses for the 7
hit compounds. Compounds BRI-50006, BRI-50031, and BRI-50077 have
similar moieties on one side of the molecule; however, the second synthon
adds diversity to the chemical scaffold and ensures a variety of interactions
between the ligand and the residues of the binding pocket. In all three
molecules, carbonyl oxygen from the ester group and nitrogen from the
amide group formhydrogenbond interactionswith the backbone of residue
A578. The other parts of the 3 hit molecules cover different interactions: for
instance, compound BRI-50006 forms hydrogen bonds with residue D549
and backbone of residue G197, BRI-50031 interacts with the backbone of
residue G197 and P585, and BRI-50077 with catalytically active residue
S228, backbone of residues G197 and P585. Compounds BRI-50026 and
BRI-50049 form hydrogen bonds with the backbone of residue A578 and
P585. Compound BRI-50054 forms hydrogen bonds with the residue S577
and the backbone of residue A578. BRI-50125 forms hydrogen bonds with
residue E589 and the backbone of G197 and G198.

Subsequent cellular screening revealed that BRI-50054 showed
potent inhibition and reduced p-cPLA2/cPLA2 levels (Fig. 2B) as well as
reduced downstream production of PGE2 in cell models of neuroin-
flammation (Fig. 2C), with minimal impact on mitogen-activated protein
kinase (MAPK) pathways and limited cytotoxicity at up to 40 μM
(Supplementary Fig. S3). These in vitro hits were further assessed inmice,
where the pharmacokinetics of each compound were evaluated in vivo
for their bioavailability, drug distribution in various organs, metabolic
stability, and various PK parameters. Compound plasma and brain
concentrations were measured at multiple timepoints. This integrative
approach provided the basis for selecting compounds for further devel-
opment and testing in animal models.

Furthermore, pharmacokinetic studies in C57BL/6 mice revealed that
the 1st Generation compound BRI-50054 was well-tolerated and exhibited
dose-dependent increases in both the plasma and brain. This was accom-
panied by reduced brain AA levels and elevated levels of ω-3 fatty acids
(DHA and EPA, Fig. 3B, D) and their pro-resolving metabolites, such as
resolvins. These findings support the ability of cPLA2 inhibitors to engage
their target in vivo, restore brain lipid homeostasis, and mitigate the neu-
roinflammatory environment characteristic of AD.

SAR-by-catalog and the first round of hit optimization
Hit compounds identified using the V-SYNTHES2 algorithm can be
effectively optimized using on-demand synthesis, as the combinatorial
nature of REAL space contains thousands of readily available close analogs.
Based on the in vitro fluorescence assays, molecules BRI-50054, BRI-50077,
and BRI-50125 were nominated as the most promising hits for optimiza-
tion. The structure-activity relationships (SAR)-by-catalog was performed
using an in-house developed Synthon Based Space Search algorithm that
emerged as a stand-alone tool for chemical search in REAL space. Like V-
SYNTHES, this search algorithm effectively leverages the combinatorial
nature of REAL Space. The search algorithm decomposes hit compounds
into a reaction scaffold and the synthons from which the compound was
generated (Supplementary Fig. S4) and performs a search of synthon ana-
logs in the REAL space. Then, full analog molecules are generated by enu-
meration of identified synthon analogs according to the connection rules
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specified in REAL Space. This synthon search algorithm avoids full enu-
meration of the chemical space and takes only minutes to find tens of
thousands of hit analogs among >36 billion REAL Space compounds. Based
on docking scores and predicted physico-chemical properties like solubility,
PAINS, and BBBpenetration, a total of 100 analogs for hit compounds BRI-
50054, BRI-50077, and BRI-50125 were selected for synthesis (Supple-
mentary Table S3). Out of 100 requested, 85molecules were synthesized by
Enamine in under 6 weeks and experimentally tested.

Using a cellular assay in astrocytes stimulated with TNFα+
IFNγ+A23187 (TIA) to induce cPLA2 phosphorylation, inhibitory
effects of these 2nd Generation analogs were assessed via Western blot
(Supplementary Fig. S5A). From the initial screen at 10 μM, 39 com-
pounds were selected for further evaluation at 5 μM (Supplementary Fig.
S5B). Subsequently, 10 compounds were tested at 1 μM (Supplementary
Fig. S5C), identifying five most promising candidates: BRI-50202, BRI-

50206, BRI-50229, BRI-50281 and BRI-50286. These compounds
demonstrated significant inhibition of cPLA2 activation, validating their
potential as optimized leads.

Second round: lead optimization
Based on the results from the initial screening and SAR-by-catalog, two
scaffolds were selected for further optimization: first represented by BRI-
50054 and BRI-50202 compounds, and second – by BRI-50125 and BRI-
50281 compounds. Priority was given to the scaffold represented by hits
BRI-50054 and BRI-50202 (Fig. 4C). The search for analogs was performed
in REAL space of 36 billion molecules using the developed in-house Syn-
thon Based Space Search engine. After analysis of docking results for gen-
erated analogs, 113 analogs were requested for synthesis from Enamine. Of
the 113 requested compounds, 103 (Supplementary Table S4) were syn-
thetized in 6 weeks and experimentally tested.

Fig. 1 | a Best hits from the 1st Generation of cPLA2 screening. b Predicted binding
poses of best hits in catalytic binding site of cPLA2 apo crystal structure (PDB ID
1CJY). The residues of cPLA2 active site are shown as gray sticks. The catalytic serine

S228 and its catalytic partner D549 are shown in magenta. Hydrogen bonds are
shown as blue dots.
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BRI-50460 demonstrates potent and selective cPLA2 inhibition
in vitro
The second round of SAR-by-catalog and in vitro screening with a 2 μM
threshold (Fig. 4B) yielded 3rd Generation compounds BRI-50460 and BRI-
50469, which exhibited superior potency compared to earlier candidates. To
validate the computational predictions and prioritize compounds for opti-
mization, we employed cellular assays that measure cPLA2-mediated ara-
chidonic acid release under physiologically relevant conditions. Both
compounds demonstrated high efficacy in inhibiting AA release from cells
labeled with 3H-AA and treated with a calcium ionophore (A23187). This
³H-AA efflux assay, which captures the immediate product of cPLA2 cata-
lytic activity: the release ofAA (Fig. 4A) frommembranephospholipids, was
prioritized as the primary measure of cPLA2 inhibitory potency due to its
direct measurement of enzymatic activity in the native membrane envir-
onments. Among them, BRI-50460 emerged as the most potent inhibitor,
with an IC50 of 0.88 nM for cellular AA release and an IC50 of 4.1 nM for
downstream PGE2 production, representing a > 20-fold improvement over
ASB14780 (Fig. 4D, E, SupplementaryTable S5). Compared to other known
cPLA2 inhibitors such as ASB14780, pyrrophenone, and ATK, our lead
compound BRI-50460 also demonstrated high selectivity, exhibiting negli-
gible inhibitionof iPLA2 inour in vitrofluorescence assays at concentrations
up to 50 μM (Fig. 4F)—indicating an >100-fold selectivity window for
cPLA2. BRI-50460 showed no cytotoxicity in HEK293 and HMC3 cells at
concentrations up to 1 μM (Supplementary Fig. S6), >1000-fold above the
functional IC₅₀ values, confirming that the observed effects on AA release
and PGE2 production were not confounded by cytotoxicity effects.

Experimental validation using fluorescence thermal shift assays—
designed to detect ligand-induced changes in protein denaturation tem-
perature—was inconclusive, likely due to the unexpectedly high thermal
stability of the cPLA2 protein, which impeded detection of subtle thermal
shifts in the presence of BRI-50460. The AA efflux assay however provides
the most direct and physiologically relevant measure of cPLA2 inhibitory
activity, as it captures the enzyme’smembrane-dependent catalytic function

in intact cells with native lipid environments. This assay incorporates all
essential elements for cPLA2 activity including membrane association,
substrate availability, calcium signaling, and the native cellular context. The
sub-nanomolar IC50 observed in this assay represents functional inhibition
under conditions that most closely mimic in vivo cPLA2 activity.

Brain delivery and pharmacokinetics of BRI-50460. In an acute
pharmacokinetic study, BRI-50460 was administered to C57BL/6J mice
(3 mg/kg body weight) either by a subcutaneous (SQ) injection or by oral
gavage. Analysis of plasma and brain tissues harvested post-dosing
revealed a brain-to-plasma (B/P) ratio exceeding 40% from subcutaneous
delivery, more than double that of the 1st Generation compound BRI-
50054 (Fig. 5B, C). The absolute bioavailability (F) of 38% (based on
AUC0-inf, Fig. 5B, C) was demonstrated using our oral formulation.
When compared to SQ, brain AUC0-6 exposure using this oral for-
mulation was 87% of that of SQ (8.9/10.181) which corresponded when
Cmax is 84%. The oral route also exhibited a longer plasma half-life in
plasma (t1/2 = 4.2 hours oral vs 2.3 hours SC), and comparable brain t1/2
(3.95 vs. 3.53 hours), suggesting the enhanced large intestinal absorption
can prolong and sustain systemic and central nervous system (CNS)
exposure.

Free fractions of BRI-50460 independently quantified in the brain
(3.28%) and plasma (0.39%) yielded a calculated Kp,uu of 2.94, indicative of
robust CNS penetration. This brain penetration surpassed many known
CNS-penetrating drugs, including zolpidem (Ambien) (Fig. 5D, E). Overall,
these findings confirm that the orally administered formulation of BRI-
50460deliversnearly equivalent brain exposure, supporting its development
as an orally available, brain-penetrant therapeutic.

BRI-50460 reduces Aβ42O-induced cPLA2 levels and cPLA2

phosphorylation in human iPSC-derived astrocytes
To assess whether BRI-50460 has an inhibitory effect on cPLA2 phos-
phorylation induced by AD pathology in vitro, human iPSC-derived

Fig. 2 | Preliminary cPLA2 inhibition screen of 1st Generation virtual
screening hits. A A fluorescence-based assay was used to determine the activity of
recombinant human cPLA2 incubated with 10 μM test compound relative to a
control (substrate, enzyme, no compound) in our initial screen. ASB14780 was also
included as an inhibitor positive control. Compounds BRI-50006, BRI-50049, BRI-
50054, BRI-50077, and BRI-50125 were among the hits found through this initial
screen. B The compounds (10 μM) were mixed with stimuli (TIA: TNFa+rIFN

+A23187) and added to astrocytes for 30 minutes. The cell lysate was harvested and
used to test the protein levels of phosphorylated and total cPLA2 by Western blot.
ASB14780 was used as a positive cPLA2 inhibitor control. C BV-2 microglia cells
were pre-treated with different concentrations of BRI-50054, BRI-50077, and BRI-
50125 for 30 minutes, then treated with LPS (10 ng/mL) for 16 hours. PGE2 levels in
the medium were measured using a PGE2 ELISA assay kit.
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astrocytes were first treated with 0.1 or 1 μM of BRI-50460 for 30minutes,
followed by 2.5 μM of Aβ42O for 72 hours. Results show that 1 μMof BRI-
50460 can reduce amyloid beta (Aβ)-related increases in cPLA2 levels (Fig.
6), aswell as cause a reduction inphosphorylated cPLA2.These data indicate
that in parallel with our initial in vitro screening performed in immortalized
mouse astrocytes, BRI-50460 also has an inhibitory effect on cPLA2 and
phosphorylated cPLA2 in human iPSC-derived astrocytes challenged
with Aβ.

BRI-50460 mitigates the effects of Aβ42O on cPLA2 activation,
tau hyperphosphorylation, and synaptic loss in neurons derived
from human iPSCs/NPCs
To examine BRI-50460’s treatment effects on AD pathologies, we first
examined its impact on Aβ42O-induced tau hyperphosphorylation in a
mixed-culture of neurons and astrocytes derived from human iPSCs car-
rying APOE3/3 genotype. Abnormal hyperphosphorylated tau leads to the
formation of neurofibrillary tangles and neurodegeneration, a pathological
feature of AD15. After neural progenitor cells (NPCs) were differentiated for
five weeks16, the cells were exposed to 2.5 μM of Aβ42O, with or without
1 μM BRI-50460 for 72 hours. Immunofluorescence staining revealed that
BRI-50460 reduced Aβ42O-induced increases in phospho-cPLA2α(Ser505)
(p-cPLA2α, Fig. 7A, B) and phospho-tau (Ser202/Thr205) (p-Tau, Fig. 7A,
C) in human neurons.

BRI-50460 reverses synaptic loss in Aβ42O-challenged neurons
derived from human iPSCs
Since synaptic loss predicts early memory impairment and correlates with
cognitive decline in AD17 and is associated with neuroinflammation18, we
next examined whether BRI-50460 has treatment effects on Aβ42O-
induced synaptic loss in the mixed-culture of neurons and astrocytes

derived from human iPSCs carrying APOE4/4 genotype. After neural
progenitor cells (NPCs) were differentiated for four weeks, the cells were
exposed to 2.5 μMofAβ42 O,withorwithout 1 μMBRI-50460 for 72 hours.
Immunofluorescence staining revealed that BRI-50460 protected the cells
fromAβ42O-induced reductions of synaptic puncta stained by presynaptic
protein synapsin (Fig. 8A, C), which regulates neurotransmitters release at
synapses19, and dendritic density (occupied area) stained by postsynaptic
protein CamKIIα (Fig. 8A, D) and MAP2 (Fig. 8A, E); CaMKIIa regulates
long-term potentiation, a cellular mechanism of synaptic strength under-
lying learning and memory20–22.

Discussion
Our structure-based virtual screening and SAR-by-catalog optimization
efforts have identified BRI-50460 as a highly promising cPLA2 inhibitor,
demonstrating significant potential as a therapeutic candidate for addres-
sing neuroinflammation and pathology of Alzheimer’s disease (AD).
Among the compounds derived from our structure-based cPLA2 virtual
screening, BRI-50460 exhibits high potency, a brain penetrant pharmaco-
kinetic profile, and an ability to modulate key mediators involved in neu-
roinflammation and AD pathology in vitro.

BRI-50460 exhibited exceptional potency, with an IC50 of 0.88 nM
for inhibiting cellular AA release and of 4.1 nM for blocking downstream
PGE2 synthesis, representing a greater than 20-fold improvement over
ASB14780, a previously studied cPLA2 inhibitor, while also demon-
strating high selectivity over iPLA2 in vitro. This enhanced efficacy
underscores the success of our optimization strategy, which focused on
improving both binding affinity and functional inhibition of cPLA2 in
relevant cellular models. BRI-50460 demonstrated robust inhibition in
cell-based assays without significantly affecting MAPK pathways, sug-
gesting a targeted action on cPLA2 without disrupting other critical

Fig. 3 | BRI-50054 Treatment Increases Free ω-3 PUFA Brain Levels. A C57BL/6J mice (n = 3) treated with vehicle, 1.0 or 3.0 mg/kg/day IP BRI-50054 for 3 days. Brain
levels of DHA (B), DPA (C) and EPA (D) were measured using a validated LC-MS/MS lipidomic assay. *p < 0.05, **p < 0.01, ***p < 0.001.
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signaling cascades, which could be important for minimizing off-target
effects in clinical applications.

While inhibition of cPLA2 phosphorylation was observed in inhibitors
like BRI-50054 and has been used as a readout of the activation of the
enzyme23, it is not a direct surrogate for catalytic inhibition of the enzyme.
Phosphorylation reflects upstream signaling (e.g., MAPK activation) and
may modulate membrane localization or activity, but inhibition of phos-
phorylation is not required for enzymatic inhibition. We have assessed
whether phosphorylation sites could influence compound binding by
modeling full-length cPLA2 using AlphaFold324 (Supplementary Fig. S8)
and mapped key phosphorylated residues (T268, S437, S454, S505, S515,

S727). All six sites are in flexible, unresolved regions and are >20 Å from the
predicted binding pocket of BRI-50054, indicating they are unlikely to affect
ligand binding. Given this, we did not rely solely on p-cPLA2 levels to assess
potency. Instead, our evaluation integrated direct enzymatic assays, AA and
PGE2 quantification, and target engagement in human iPSC-derived cells,
providing a more accurate assessment of inhibitor activity.

One limitation of our current study is the incomplete characterization
of the direct binding of the lead compounds to the catalytic domain of
cPLA2.A critical consideration in cPLA2 drug discovery is that the enzyme’s
catalytic activity is fundamentally dependent on membrane association. As
an interfacial enzyme, cPLA2 activity follows surface dilution kinetics where

Fig. 4 | In vitro Inhibition A Schematic illustrating cPLA2-mediated hydrolysis of
membrane phospholipids to release arachidonic acid (AA), which is subsequently
converted to PGE2 by cyclooxygenase (COX) enzymes; this cellular cascade provides
the basis for our functional inhibition assays. Created in BioRender. Duro,M. (2025)
https://BioRender.com/5k81be8.BPreliminary cPLA2 in vitro activity screens of the
first and third generation of small molecules. Each square is the cPLA2 in the
presence of inhibitor relative to control (no inhibitor). C Progression of iterative
structure optimization and potency screening of cPLA2 inhibitors. D Dose-

dependency curve for the inhibition of AA efflux by ASB14780 and our two 3rd Gen
leads upon administration of A23187 (Ca2+ ionophore). E IC50 estimates for the
inhibition of AA efflux into cells and the inhibition of PGE2 production. F Selectivity
profile assessed by in vitro iPLA2 inhibition assays for BRI-50460 and previously
reported cPLA2 inhibitors (ASB14780, pyrrophenone, and AACOCF3. Assays were
performed at 0–50 μM (except for pyrrophenone, which was limited to 12 μM), and
activities are expressed as percent relative activity from the control with no inhibitor.
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apparent IC₅₀ values are strongly influencedbymembrane composition12–14.
Cell-free binding assays (SPR, ITC, thermal shift) often fail to correlate with
functional inhibition because cPLA2 immobilization or solubilization
eliminates the interfacial activationmechanism12,25. Given these constraints,
we prioritized functional assays that capture physiologically relevant cPLA2

activity in native membrane environments. This convergent evidence from
diverse functional assays spanning in vitro biochemical activity, cellular
phenotypes in disease-relevant models, and in vivo pharmacodynamic
effects provides strong support for BRI-50460 as a specific and selective
cPLA2 inhibitor acting through on-target engagement. While future
structural studies employing co-crystallography or cryo-EM with
membrane-mimetic environments would be valuable for visualizing
inhibitor-enzyme interactions, the extensive functional validationpresented
here demonstrates that our structure-based virtual screening approach

successfully identified compounds that effectively inhibit cPLA2 in its native,
membrane-associated context.

In addition to its potent inhibition of cPLA2, BRI-50460 showed
promising pharmacokinetic properties that are critical for CNS drug
development. Upon subcutaneous administration to C57BL/6J mice,
BRI-50460 achieved a brain-to-plasma (B/P) ratio exceeding 40%, more
than double that of the first-generation compound BRI-50054. This
indicates that BRI-50460 has superior brain penetration, a crucial feature
for targeting neuroinflammation in AD. Furthermore, BRI-50460
exhibited a free fraction of 3.28% in the brain and 0.39% in plasma,
yielding a calculated Kp,uu of 2.94, which further supports its potential for
effective CNS targeting. These values surpass those of several known
CNS-penetrating drugs, including zolpidem, highlighting BRI-50460’s
promising CNS bioavailability.

Fig. 5 | BRI-50460 Pharmacokinetics. A BRI-50460 (3 mg/kg SQ or Oral) in an
acute PK study using C57BL/6 J mice, where plasma and brain tissue were harvested
at 0.5, 1, 3, and 6 hours post-dosing. Created in BioRender. Duro, M. (2025) https://
BioRender.com/qu6a1hl. B Plasma and brain time-concentration data. C Cmax,

Tmax, AUC, and half-life (t1/2) after 3 mg/kg BRI-50460 compared with zolpidem
(Ambien®). D Free plasma and brain levels of BRI-50460 expressed in percentage
unbound. E Kp,uu of BRI-50460 compared to other CNS penetrating agents.
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The ability of the 1st Generation compound BRI-50054 to reduce brain
AA levels and increaseω-3 fatty acids (DHA and EPA), as well as their pro-
resolving metabolites like resolvins, is particularly noteworthy. This shift in
lipid homeostasis could help mitigate the neuroinflammatory environment
characteristic of AD, offering a therapeutic strategy that not only targets the
enzyme itself but also modulates the downstream lipid signaling pathways
associated with AD pathology. These findings provide strong evidence that
BRI-50460 may also effectively engage its target in vivo, restore lipid
homeostasis in the brain, and potentially alleviate neuroinflammation—a
key hallmark of Alzheimer’s disease. Additionally, BRI-50460 counteracts
the impact of Aβ42O on cPLA2 activation, tau phosphorylation, and
synaptic loss in astrocytes and neurons derived from human iPSCs. This is
especially interesting for restoring CaMKIIα, an essential postsynaptic
protein that regulates learning and memory20,22.

The enzyme cPLA2 is notable for releasing AA, which plays an
important role in neurotransmission and serves as a precursor for
eicosanoids26,27. However, excessive activation of cPLA2 can accelerate the
cyclooxygenase (COX) and lipoxygenase (LOX)-mediated metabolism of
free AA to the products prostaglandins (PGs) and leukotrienes (LTs),
respectively, which are potent inflammatory lipidmediators8,28. The activity
of cPLA2 is regulated by phosphorylation and is influenced by the MAPK,
particularly through phosphorylated p3829,30.

We have identified the activation of cPLA2 as a critical driver of neu-
roinflammation inAD, particularly inAPOE4 carriers23. This highlights the
therapeutic potential of targeting cPLA2 to mitigate the harmful effects of
chronic inflammation in theADbrain.Other groups have reported elevated
levels of cPLA2 protein and its phosphorylated form in astrocytes sur-
roundingAβplaques compared tohealthy controls31–33. Increased activation
of cPLA2 is also observed in the hippocampus of human amyloid precursor
protein transgenic mice32. In addition, Aβ oligomers can activate cPLA2,
thereby promoting neurodegeneration34,35. Importantly, the Mucke group
reported that cPLA2 genetic deficiency ameliorates memory impairment
and hyperactivated glial cells observed in an AD mouse model (Fig. 2)32,36.
Knock-out of cPLA2 in microglia can decrease lipopolysaccharide-induced
inflammatory response37. In APOE-targeted replacement mice and human
brains, we observed that APOE4 induces greater MAPK p38-mediated
activation of cPLA2. Importantly, inhibiting cPLA2 reduced the release of
inflammatory neurotoxic lipids and eicosanoids23, corresponding to
reduction in neuroinflammation and synaptic loss.

Our findings reveal a successful application of fast structure-based
giga-scale V-SYNTHES2 screening and optimization to discover new
potent cPLA2 inhibitor chemotypes. This includes BRI-50460, which
exhibits enhanced potency, selectivity, pharmacodynamic, and pharmaco-
kinetic profiles compared to the previously developed inhibitor ASB14780.

Fig. 6 | At 1 μM, BRI-50460 reduces amyloid-beta42-induced cPLA2 levels and
lowers cPLA2 phosphorylation in iPSC-derived astrocytes. Phosphorylated cPLA2

and total cPLA2 (indicated by arrow) levels in cell extracts from iPSC-derived
astrocytes were detected byWestern blot. Quantification of total cPLA2 and p-cPLA2

protein levels normalized to Ponceau stain. Data are represented as mean ± SD and
analyzed using one-way ANOVA followed by Tukey’s test. *p < 0.05, **p < 0.01,
****p < 0.0001.

Fig. 7 | BRI-50460 amyloid-42 oligomer-induced cPLA2α activation and tau
phosphorylation in neurons derived fromhuman iPSCs. ARepresentative images
of the immunofluorescent staining of p-cPLA2α and p-Tau in human iPSC-derived
neurons treated with 2.5 μM Aβ42 oligomers (Aβ42O) with or without 1 μM BRI-

50460 for 72 hours. Quantification revealed that BRI-50460 (460) reduced Aβ42O-
induced increases in p-cPLA2α (B) and p-tau (C) intensity. *p < 0.05, **p < 0.01,
***p < 0.001, ****p < 0.0001. Analyzed image numbers include CTRL (n = 13),
Aβ42 O (n = 14), 460 (n = 14).
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BRI-50460 demonstrated strong in vitro inhibition of cPLA2-mediated AA
release, with sub-nanomolar IC50 value and improved BBB penetration
measures. By inhibiting cPLA2, BRI-50460 has the potential to restore lipid
homeostasis, reduceADpathology and synaptic dysfunction, particularly in
APOE4 models, making it a promising candidate for further clinical
development.

This study underscores the potential of advanced virtual screening
platforms likeV-SYNTHES2 in accelerating the discovery of CNS-targeting
therapeutics and lays the groundwork for further exploration of BRI-50460
in chronic treatment paradigms with a prominent cPLA2 activation profile.
Ongoing efforts will focus on refining its pharmacokinetics and evaluating
its therapeutic effects in preclinical ADmodels, with the goal of advancing it
toward clinical evaluation for the treatment of neuroinflammatory
conditions in AD.

Methods
Drug discovery using V-SYNTHES2 platform
cPLA2Model Preparation: The prospective screening was performed using
a structural model of human cPLA2 refined using a ligand-guided
approach38. A 2.5 Å resolution cPLA2 crystal structure

39 that includes a N-
terminal calcium-dependent lipid-binding/C2 domain, and a catalytic unit
was downloaded from PDB (PDBID:1CJY). The crystal structure of cPLA2

was converted from PDB coordinates into an ICM molecular object. The
conversion algorithmaddsmissingheavy side-chain atoms, performs global
optimization of hydrogens for best hydrogen bonding network, optimizes
His, Asn, Gln, and Cys residues, and assigns partial charges. To validate the
model, 50 diverse, high affinity cPLA2 ligands available inChEMBL (Target:
CHEMBL3816, pAct>5) were docked into the binding site of the catalytic
domain of cPLA2, and the best predicted docking scores and poses were
saved for each ligand. The docking results showed reproducible binding
poses and docking scores of about -25 for the known ligand scaffolds. The
pose was considered reproducible if the best-predicted binding posewas the
same (RMSD < 1 Å) between at least 3 out of 5 docking runs. To further
improve thedockingperformance, thehydrogens of aminoacids side chains
in the binding pocket in 8 Å radius from the ligand were optimized in the
presence of docked high affinity cPLA2 ligands (Supplementary Fig. S1).
Performance of each model was evaluated based on the docking score and
pose reproducibility, the value of the best docking score and an average

docking score for 20 best ligands. The model optimized with molecule
CHEMBL370113 showed the best reproducible results, with the best
docking scores as good as –29 and was selected for prospective screening.
Minimal structural changes were introduced during the optimization pro-
cess with RMSDheavy atoms = 0.22Å between the structure and themodel for
whole cPLA2 protein and RMSDheavy atoms = 0.19 Å for residues within 8 Å
from the BRI-50054 compound (Supplementary Fig. S1).

Application of V-SYNTHES2: The giga-scale screening in the REAL
chemical space of 36 billion molecules was performed using the V-
SYNTHES2, a completely automated version of the V-SYNTHES platform
described previously40.Docking of the pre-generatedMinimal Enumeration
Library (MEL), partially enumerated, and final molecules was performed
with thoroughness set to 2. The docking and cheminformatic steps of
V-SYNTHES2 were performed in ICM-Pro (Molsoft LLC) molecular
modeling software (version 3.9-2b). Docking steps were performed in the
USCCARC (Center forAdvancedResearchComputing at theUniversity of
Southern California) facility. Docking of MEL, partially and fully enumer-
ated compounds from 2-component and 3-component subspaces of REAL
took around 45 hours to complete using 320 cores. The cheminformatic
steps of V-SYNTHES2were performed on Linuxworkstation (AMDRyzen
9 7950×16-Core Processor); 40 GB of space was needed to complete the
project.

Selection and Synthesis of Candidate Hits for cPLA2: The selection of
the most promising docked molecules for synthesis included the following
standard post-processing steps: (i) filtering out molecules with undesirable
physical-chemical properties, such as low drug-likeness, potential toxicity,
andpan-assay interference (PAINS) predictedby ICM-Pro41 (ii) prioritizing
molecules with high predicted solubility (molLogS) and BBB penetration
predictedby ICM-Pro42 (iii) ensuring chemical novelty of selectedmolecules
as compared to known high affinity ligands, using Tanimoto distance as a
quantitative parameter for similarity. Also, the interactions between the
predicted hits and binding pocket were analyzed and molecules with
H-bond to R200, S228, T680were given priority in the selection process. To
ensure inhibition of the enzyme, molecules with close distances to cataly-
tically active residue S228 at the bottom of the binding pocket were con-
sidered in the selectionprocess: d < 6 Å, or d = 6–8 ÅwithH-bonds toR200,
T680, or A578. Even though the whole REAL space was screened in this
work, molecules from 2-comp reactions sub-space were predicted to have

Fig. 8 | BRI-50460 protected amyloid-42 oligomer-synaptic and dendritic
reduction in neurons derived from human iPSCs. A Representative images of the
immunofluorescent staining of synapsin (green), CamKII (red), and MAP2 (white)
in iPSC-derived neurons treated with 2.5 μM Aβ42 oligomers (Aβ42O) with or
without 1 μMBRI-50460 for 72 hours. B Enlarged images of the boxed dendrites in

A. BRI-50460 (460) reduced Aβ42O-induced reduction of synapsin puncta (C),
CamKIIa (D) andMAP2 (E) density area occupied in neurons derived from human
iPSCs. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Analyzed image num-
bers for CamKIIα andMAP2 include CTRL (n = 12), Aβ42 O (n = 13), 460 (n = 13),
for synapsin puncta include CTRL (194), Aβ42O (n = 68), 460 (n = 167).

https://doi.org/10.1038/s44386-025-00035-0 Article

npj Drug Discovery |             (2026) 3:2 9

www.nature.com/npjdrugdiscov


the best binding due to the small and shallow nature of the cPLA2 binding
pocket and were prioritized for synthesis and testing. A total of 127 com-
pounds were selected for synthesis, out of which 117 compounds were
synthesized with >90% purity confirmed by LC-MS (Supplementary Table
S1, Supplementary Fig. S7) and delivered by Enamine in 6 weeks.

Synthon Based Space Search for Analog Generation: The search for
analogs of confirmed hits was performed in up-to-date versions of REAL
Space. The analog search was performed using an in-house developed
Synthon Based Space Search algorithm that takes advantage of the combi-
natorial nature of REAL chemical space, avoiding full enumeration of all
molecules and working in the space of synthons (Supplementary Fig. S4).
The algorithm starts with the decomposition of a hit molecule into the
reaction scaffold and the synthons from which the compound was gener-
ated. In the next step, the algorithm searches for analogs of each of the
synthons in theREALSpace using a specificTanimoto distance (set to 0.4 in
this case) as a cutoff to a molecule’s similarity. In the next step, identified
synthon analogs are enumerated with each other according to the con-
nection rules specified in REAL Space, considering physico-chemical
properties to generate full molecules that comply with Lipinski’s rule of five.
The Synthon Based Space Search algorithm finds tens of thousands of
analogs in the Enamine REAL Space of 36 billion molecules in minutes.
Generated analogs of confirmedhits fromREALSpacewere docked into the
binding pocket of cPLA2, with increased effort equal to 5 to ensure com-
prehensive sampling of small molecules in the binding pocket. The com-
bination of structure- and ligand-based approaches was used to select the
analogs on each round of optimization. The analogs with the lowest pre-
dicteddocking scores, dockingposes similar to the initial hit compound, and
lowest Tanimoto distances were prioritized for synthesis and testing.

cPLA2 biochemical testing
Testing using 10 μM Thresholds: Recombinant human cPLA2 (49 nmol,
Abcam ab198469) was first pre-incubated with test compound (Supple-
mentary Table S1, dissolved in DMSO) in 50 μL 1X PLA2 buffer (50mM
Tris-HCl, 100mMNaCl, 1mMCaCl2, pH8.9, EnzChek™PhospholipaseA2

(PLA2) Assay Kit, Invitrogen E10217) at room temperature for 30min. To
this, 50 μL of the substrate-liposome solution [1-O-(6-BODIPY 558/568-
aminohexyl)-2-BODIPY FL C5-sn-glycero-3-phosphocholine (Red/Green
BODIPY PC-A2), dioleoylphosphatidylglycerol (DOPG), and dioleoyl-
phosphatidylcholine (DOPC)], prepared according to manufacturer’s
instructions,was added. Final concentrationswere 10 μMof test compound,
600 ng/mL enzyme, and 1.6 μM fluorogenic substrate. Fluorescence (exci-
tation at 460 nm, emission at 515 nm) was measured at 60min from the
start of the reaction and was corrected for the background fluorescence
(setup with substrate but no enzyme). Enzyme activity was then calculated
relative to the positive control (setup with substrate and enzyme but no
inhibitor).

Testing using 2 μM Thresholds: Recombinant human cPLA2 (49
nmol) was first pre-incubated with test compound (Supplementary Table
S4, dissolved inDMSO) in 50 μL 1XPLA2 buffer (same as above) at 37°C for
40min. To the recombinant cPLA2-test compoundmix was added 50 μL of
the substrate-liposome solution (Red/Green BODIPY PC-A2, DOPC, and
DOPG), prepared according to the manufacturer’s instructions. Final
concentrations were 10 μM of test compound, 800 ng/mL enzyme, and
0.55 μMfluorogenic substrate. Fluorescence (excitation at 460 nm, emission
at 515 nm)wasmeasured at 0–90min from the start of the reaction andwas
corrected for background fluorescence (set up with substrate but no
enzyme). The slope of the fluorescence at 30–70min was used to calculate
enzyme activity relative to the positive control (setup with substrate and
enzyme but no inhibitor).

iPLA2 Biochemical Testing: Because there is no commercial source of
human recombinant calcium-independent phospholipase A2 (iPLA2), the
enzyme was prepared from an overexpression cell line. Cell lysate was first
pre-incubated with test compound (BRI-50460, ASB14780, pyrrophenone,
orAACOCF3 dissolved inDMSO) in iPLA2-specific buffer

43 (100mMTris-
HCl, pH 7.0, and 4mMEGTA). To the recombinant iPLA2-test compound

mix was added 50 μL of the substrate-liposome solution (Red/Green
BODIPY PC-A2, DOPC, and DOPG), prepared according to the manu-
facturer’s instructionsbut replacing the bufferwith1X iPLA2-specificbuffer.
Final concentrations were 0–50 μM of test compound, 20 μg/mL lysate
protein, and 0.55 μM substrate. Fluorescence (excitation at 460 nm, emis-
sion at 515 nm) was measured every 10min from the start of the reaction
andwas corrected for backgroundfluorescence (set upwith substrate but no
enzyme). The slope of the fluorescence at 10–30min was used to calculate
enzyme activity relative to the positive control (setup with substrate and
enzyme but no inhibitor).

Neuroinflammation cell model
Immortalizedmouse astrocytes (gift fromDr.DavidHoltzman)were grown
in DMEM/F12 (Corning, MT10090CV) containing 10% FBS, 1mM
sodium pyruvate (Thermo Fisher, 11360070), 1mM geneticin (Thermo
Fisher, 10131-035), and 1% anti-anti. Cells were seeded in a 24-well plate
(0.25×105 cells/500 μL) and cultured overnight. The cells were treated with
cPLA2 inhibitors plus TIA [TNFα (10 ng/mL)+ IFNγ (10 ng/mL)+
A23187 (1 μM)] in FBS-free medium for 30min. After washing twice with
cold PBS, cells were lysed with 1X sample buffer. Phosphorylated cPLA2

protein levels in cell lysate were detected by Western blot.

3H-AA efflux assay
AA released from cells was measured as described previously44. Tritium-
labeled AA (3H-AA) was incorporated into the cell membrane phospholi-
pids of BV2 cells by coculturing overnight. Labeled AA was released by
stimulating the cells with Ca2+ ionophore (A23187) (Sigma-Aldrich) at a
final concentration of 0.2 μM. Radioactivity of the culture supernatant was
measured with a liquid scintillation counter (LS6500, Beckman Coulter)
30min after the stimulation by A23187. The cPLA2 inhibitors were added
3 hr before stimulation by A23187 to examine their inhibitory effect on AA
release.

Animals
All animal studies were approved by the Institutional Animal Care andUse
Committee at the University of Southern California. The C57BL/6J mice
used in the studywere bred in theUSCanimal facility. Animalswere housed
with standardized 12 h light and dark cycles and had access to food and
water ad libitum.Vivarium temperaturewasmaintained between 22 °C and
24 °C, and humidity was maintained between 50 and 60%.

BRI-50460 administration and tissue collection. C57BL/6J mice were
randomly assigned to 8 groups (n = 4 each group) and treated with one
dose of BRI-50460 (3 mg/kg) formulated in an aqueous solution with
22.5% hydroxypropyl-β cyclodextrin—16 mice were treated via sub-
cutaneous injection and the other 16 via oral gavage. After the treatment,
animals at the designated time point (0.5, 1, 3, and 6 hr; 4 mice per time
point) were euthanized with isoflurane. The blood was collected into
EDTA-coated tubes via cardiac puncture, and plasma was isolated by
centrifugation. Remaining blood was removed by transcardial perfusion
with PBS, after which the mouse brains were harvested and flash frozen
along with plasma samples for further processing.

BRI-50460 quantification by LC-MS/MS
BRI-50460 was extracted from mouse plasma (100 μL) and brain tissue
(150–200mg) and quantified by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) using multiple reaction monitoring (MRM).
Mousebrainswere cut inhalf through themidsagittal planeprior to analysis,
and the left brain was used for quantitative analysis. A standard curve was
prepared by spiking 3X stripped C57BL mouse plasma (BioIVT) aliquots
with increasing concentrations of BRI-50460. To extract BRI-50460 and to
prevent lipid oxidation, methanol (MeOH) containing 0.05% butylated
hydroxytoluene and triphenylphosphine was added to plasma samples
(200 μL) and brain tissues (500 μL). Each sample was also spikedwith 50 μL
of a structurally similar synthetic analog BRI-50469 (50 ng/mL), which was
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used as the internal standard. BRI-50460 was extracted from plasma sam-
ples by vortexing for 10 seconds, followed by resting on ice for 10minutes
while brain tissues were homogenized using a TissueLyser II (Qiagen) at
30Hz for 1.5-min intervals. Subsequently, plasma and brain samples were
centrifuged at 10,000× g for 10min at 4 °C, afterwhich, the supernatantwas
collected and diluted with water to 10%MeOH. Samples were then purified
by solid-phase extraction using Strata-X 33 μm Polymeric Reversed Phase
cartridges (Phenomenex), dried, and prepared for LC-MS/MS analysis as
previously described45.

BRI-50460 and the internal standard (BRI-50469) were separated and
quantified in an Agilent 1290 UPLC system coupled to a Sciex
API4000 systemusing electrospray ionization (ESI) in negative ionmode.A
Poroshell 120 EC-C18 column (2.7 μm, 4.6 × 100mm, Agilent) was used
with themobile phases: A, 0.1% formic acid inH2O; andB, 0.1% formic acid
inMeOH.The gradient was as follows: 0–2min, 20%B; 2–6min, 20-95%B;
6–11min, 95% B; 11–12min, 95-20% B; 12–15min, 20% B. An injection
volume of 20 μL was used, the flow rate was set to 0.5mL/min, and the
column temperature was maintained at 40°C. Data analysis and quantifi-
cation were performed using Skyline 23.1.3. The MRM transitions used to
quantify BRI-50460 and its internal standard are detailed in Supplementary
Table 6. The quantification of PUFAs and oxylipin metabolites was per-
formed according to our previously described protocol7.

Free and protein-bound fractions of BRI-50460 were separated using
Single-Use Rapid Equilibrium Dialysis Plates (Thermo Scientific) and
quantified using the previously described LC-MS/MS method. To assess
brain uptake, the Kpuu was calculated as the ratio of unbound drug con-
centration in the brain divided by unbound drug concentration in the
plasma46.

iPSC ADmodels
Human iPSC-derived astrocytes: APOE isogenic human iPSCs were pur-
chased from Jackson Laboratory (KOLF2.1 J). Dissociated forebrain NPCs
were differentiated into astrocytes in astrocyte medium (#1801, ScienCell),
as previously described47,48. Briefly, forebrain NPCs were maintained at a
high density on poly L-ornithine hydrobromide (#P3655-50MG, Sigma)
and laminin (#23017015, Thermo Fisher)- coated plates and cultured in
NPC medium [DMEM/F12 (Corning, MT10090CV), 1 x N2 supplement
(Thermo Fisher, 17502048), 1xB27 supplement (Thermo Fisher,
12587010), 1 mg/mL laminin, and 20 ng/mL FGF2 (Thermo Fisher
13256029)]. The cells were split at approximately 1:3 to 1:4 every week with
Accutase (Sigma, SCR005). NPCs were differentiated into astrocytes by
seeding dissociated single cells at a density of 15,000 cells/cm2 on Matrigel
(Corning, 356255) -coated plates and cultured in complete astrocyte med-
ium (#1801, ScienCell). After 30 days of differentiation, the astrocytes were
ready for further experiments.MatureAPOE ε3/ε3astrocyteswere seeded at
0.5 × 105 cells/well in a 24-well plate and grown to 70-80% confluency. Cells
werewashedwith FBS-freemediumand treatedwith orwithout 0.1 or 1 μM
BRI-50460 for 30minutes. Then, cells were treated with or without 2.5 μM
amyloid beta 1-42 (Anaspec) for 72 hours. After treatment, cells were lysed
with radioimmunoprecipitation assay (RIPA) buffer (9806, Cell Signaling
Technology, CST), and total cPLA2 and phosphorylated cPLA2 protein
levels were detected by western blotting.

Human iPSC-derived neural progenitor cells (NPCs): Neural pro-
genitor cells (NPCs) were differentiated from iPSCs using the StemCell
Technologies STEMdiff™ SMADi Neural Induction Kit (Catalog # 08581)
following manufacturer’s protocol. Briefly, JAX IPSC 1162 (APOE3/3) and
JAX IPSC 1150 (APOE4/4) iPSCs were grown on Matrigel (Corning Cat-
alog # 354230)-coated dishes in mTeSR™ Plus (StemCell Technologies
Catalog # 100-0276). To initiate NPC induction, iPSCs were passaged to
eitherMatrigel- or Poly-L-Ornithine hydrobromide (PORN; SigmaAldrich
P3655)/laminin (ThermoFisher 23017015)-coated plates and were fed with
STEMdiff™ Neural Induction Medium + SMADi. At passage 3, cells were
switched to STEMdiff™Neural ProgenitorMedium (StemCell Technologies
Catalog #05833) and were maintained in that medium. For neuronal dif-
ferentiation,NPCswere seeded onPORN/laminin-coated chamber slides at

20,0000 cells/cm2. For neuronal induction, cells were fed with the neuronal
medium as described in Bardy et al16. At four to five weeks of neuronal
differentiation, the cellswere treatedwith2.5 μMamyloid-beta 42oligomers
with orwithout BRI-50460 for 72 hours, then the cells werefixed in 4%PFA
for 15mins and stained with antibodies: phospho-cPLA2Ser505 (1:100,
SigmaAldrich Catalog # SAB4503812), phospho-tau Ser202/Thr205 (AT8)
(1: 300, ThermoFisher Catalog # MN1020), CaMKIIα (1: 300, Catalog #
50049, Cell Signaling), synapsin I (1: 300, SigmaAldrichCatalog #AB1543),
andMAP2 (1: 1000, ThermoFisher Catalog # PA1-10005). All images were
taken under a Leica TCS SP8 confocal microscope. The images were pro-
cessed and analyzed using ImageJ and CellProfiler.

Data availability
All data will be available upon request to the corresponding authors after
appropriate institutional approvals.
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Not applicable.
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