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A B S T R A C T

O-GlcNAcase inhibitors (OGAi) have emerged as a promising therapeutic strategy in Alzheimer’s disease (AD) by enhancing O-GlcNAcylation, which competes with 
tau phosphorylation and reduces tau aggregation. However, the Phase II clinical trial failure of ceperognastat, marked by accelerated cognitive decline in the 
treatment group, has raised significant safety concerns. Here, we examined the acute synaptic effects of three structurally distinct OGAi compounds—ceperognastat, 
ASN90, and MK8719—in mouse hippocampal slices. Electrophysiological recordings revealed suppression of both short- and long-term synaptic plasticity, including 
paired-pulse facilitation/depression and long-term potentiation. Immunohistochemical analysis confirmed disrupted synaptic protein levels (increased PSD-95, 
reduced Synaptophysin 1) and a biphasic shift in tau phosphorylation. These convergent findings suggest a class-wide synaptotoxic mechanism and call for a 
great caution in the development of disease-modifying therapies in AD. We argue that preclinical drug screening for synaptic functionality is essential in CNS-targeted 
therapeutic pipelines.

1. Introduction

Adding O-linked β-N-acetylglucosamine (O-GlcNAcylation) to serine 
or threonine residues is a reversible post-translational modification in 
many proteins [1]. This process is regulated by the reciprocal actions of 
O-GlcNAc transferase (OGT, adding O-GlcNAc) and O-GlcNAcase (OGA, 
removing O-GlcNAc). Neuronal proteins essential for synaptic trans
mission and plasticity—including synapsin and AMPA recep
tors—undergo O-GlcNAcylation [2]. Genetic ablation of OGA causes 
perinatal lethality, and heterozygous OGA knockout mice exhibit defi
cits in both long-term potentiation (LTP) and long-term depression 
(LTD), underscoring the critical role of dynamic O-GlcNAc cycling in 
neural function [2]. Despite this, OGA became a therapeutic target based 
on its ability to modulate tau pathology in animal models: O-GlcNAcy
lation competes with tau phosphorylation, and preclinical studies re
ported that OGA inhibition reduces tau aggregation [3]. These findings 
led to the development of OGA inhibitors (OGAi) for Alzheimer’s disease 
and other tauopathies. However, in the Phase II PROSPECT-ALZ trial of 
the OGAi ceperognastat [4], participants receiving the highest dose (3 
mg) exhibited significantly faster cognitive decline than placebo across 
multiple cognitive measures, raising serious concerns about 
drug-induced neurotoxicity [5]. This study evaluates whether preclini
cal synaptic deficits induced by OGAi could have anticipated these 
adverse outcomes, and whether such effects reflect a class-wide liability 

for OGA-targeting therapeutics.

2. Methods

2.1. Brain slice preparation

Three OGAi compounds were evaluated: ceperognastat 
(LY3372689), ASN90 (Egalognastat), and MK8719. All were obtained 
from MedChem Express. All three OGA inhibitors (OGAi) were stored as 
10 mM DMSO solution in − 80 ◦C freezer. Animal use was approved by 
FAU IACUC (A23–26). All 6-month-old C57B6/J male mice were pur
chased from the Jackson Laboratory and husbanded in FAU vivarium 
until use. From those adult mice, 300-μm thick coronal slices containing 
hippocampal formations were prepared using Leica VT1000S and 
incubated in recovering artificial cerebrospinal fluid (recovering aCSF, 
in mM: 92 NaCl, 2.5 KCl, 1.25 NaH2PO4, 30 NaHCO3, 20 HEPES, 25 
glucose, 2 thiourea, 5 Na-ascorbate, 3 Na-pyruvate, 2 CaCl2⋅4H2O and 2 
MgSO4⋅7H2O). During the recovery, DMSO (1:1000 dilution) or 10 μM 
OGAi (1:1000 dilution from the stock solutions) were applied to the 
recovery aCSF for ~4h.

2.2. Electrophysiology

All following tests and analyses were done blind. Whole-cell patch- 
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clamp recording of CA1 neurons was performed in the recording aCSF 
(in mM: 119 NaCl, 2.5 KCl, 1.25 NaH2PO4, 24 NaHCO3, 12.5 glucose, 2 
CaCl2⋅4H2O and 2 MgSO4⋅7H2O) with the same concentrations of DMSO 
or OGAi as those during recovery. Schaffer collateral stimulations for 
paired-pulse facilitation and depression (30 Hz 0.15 s, i.e., 5 pulses per 
episode and five episode with 10-second interval in between) and long- 
term potentiation (100-Hz 1-second tetanus stimulation) were delivered 
via a micro-electrode. For EPSC, membrane potentials were held be
tween − 70 and − 40 mV). All experiments were performed using ROE- 
200 dual-manipulator and MPC-200 controller (Sutter Instruments), 
MultiClamp 700B and DigiData 1440A controlled by pCLAMP 10 (Mo
lecular Devices). Clampfit 10.6 was used for data analysis and 
extraction.

2.3. Immunocytochemistry

After recording, slices were fixed using 4 % paraformaldehyde in 
phosphate-buffered saline (PBS, in g for 1 L, 8 NaCl, 0.2 KCl, 1.15 
Na2HPO4•7H2O, 0.2 KH2PO4, pH = 7.35) for 1 hour at room tempera
ture. The fixation and all subsequent steps were carried out in 12-well 
plates and on a plate shaker rotating at 60 rpm. After three times 
wash with PBS, slices were permeabilized with 3 % Triton X-100 (in 
PBS) for 1 hour and blocked by 5 % Goat serum (Abcam), 5 % (W/V) 
protease-free BSA (W/V) and 0.25 % Triton X-100 (in PBS) for 1 hour at 
room temperature. Primary antibody combos (Table S1) were prepared 
in fresh block solution and incubated with those slices at 4 ◦C overnight. 
After the removal of primary antibodies, the slices were washed three 
times with PBS containing 5 % Goat serum, 0.5 % (W/V) protease-free 
BSA (W/V) and 0.25 % Triton X-100. The secondary antibody combos 
(Table S2) were applied in the same solution for 4 h at room tempera
ture. After the removal of secondary antibody, slices were stained with 
Hoechst 33,342 nucleic acid stain (Invitrogen) for 30 min at room 
temperature and washed with PBS and Milli-Q water twice for each. All 
slices were mounted in VECTASHIELD® antifade mounting media 
(Vector Laboratories).

2.4. Image acquisition and analyses

Multichannel confocal images of those brain slices were acquired 
using a Nikon A1R laser scanning confocal microscope equipped with a 
Nikon Plan Apo VC 20X N.A. 0.75 objective and controlled by NIS- 
Elements AR (Version 5.42.04). The acquisition settings are as follows: 
DAPI (i.e., Hoechst 33,342), 405 nm for excitation, 430-475 nm for 
emission, 1.0 for laser power, 60 for gain, 17.88 μm pinhole size; 
CF488A®, 488 nm, 500-550 nm, 0.3, 80, 26.82 μm; CF568®, 560 nm, 
570-616 nm, 3.0, 80, 26.82 μm; CF647®, 641 nm, 660-710 nm, 5.0, 90, 
26.82 μm. With such settings, the pixel intensities corresponding to 
biological specimens never exceeded the dynamic range of 10-bit image 
(i.e., 0 – 4095). Z-stack step size is 3 μm.

All images were imported into FIJI (ImageJ2) by Bio-Formats (plug- 
in). For every brain slice, three Z-consecutive sections in the middle of 
the image stack were projected along z-axis using their average pixel 
intensities. For analysis, hippocampal formations were selected from the 
project images. Within every image, four cell-free regions of interest 
(ROIs) were selected, and the mean as well as the standard deviation of 
their pixel intensities for every channel were calculated to determine the 
background fluorescence intensity. ROI selection in individual channel 
was done by thresholding, which was set at 3 times of standard deviation 
above the mean background pixel intensities. For postsynaptic PSD95, 
Tuj1-positive, GFAP- and DAPI-negative ROIs were generated via 
Boolean operations of all three corresponding images. Similar opera
tions were done to generate ROIs for Synaptophysin 1 and pTau (i.e., 
Tau-positive and DAPI-negative). Next, the average pixel intensity of 
every ROI was calculated and imported into Excel spreadsheet, in which 
it was subtracted by the average pixel intensity of the background ROIs 
in the same image. All resulting intensity values were randomized and 

111 of them for every brain slice were used for statistical analyses in 
Prism (10.2.3, GraphPad).

2.5. Statistics

In every electrophysiological test, we used data from all 9 neurons in 
nine brain slices (one per slice) prepared from three mice (three slice per 
mouse) for every treatment (i.e., DMSO and three OGAi). We first used 
Welch’s ANOVA test to determine if there were any significance dif
ferences across all four treatments. Then, we used Kolmogorov-Smimov 
test to compare every OGAi treatment with DMSO control. The violin 
plot in Fig. 1C represented the average value for every neuron for 60-90 
s whereas the main plot represented the averages and the standard de
viations of data points from all 9 neurons at every time point. For 
immunofluorescence comparison, we used all 9 slices and performed 
Welch’s ANOVA test followed by Kolmogorov-Smimov test to compare 
individual OGAi with DMSO control.

3. Results

We assessed short-term synaptic plasticity by measuring paired-pulse 
facilitation (PPF) and depression (PPD) in mouse hippocampal slices 
treated with 10 μM OGAi or DMSO for 4 h. PPF was defined as the 
response increase across five pulses in the first stimulation episode 
(Figure 1A1), and PPD as the reduction in the first response across five 
episodes (Figure 1A2). All three OGAi reduced both PPF and PPD 
compared to control (Fig. 1B), indicating impaired presynaptic plas
ticity. Next, we evaluated long-term potentiation (LTP) and found that 
all OGAi significantly suppressed LTP induction (Fig. 1C). These results 
demonstrate that OGAi from three distinct pipelines disrupt both short- 
and long-term synaptic plasticity, implying pre- and postsynaptic 
alternation.

To further assess synaptic changes following acute OGAi treatment, 
we performed immunohistochemistry using well-validated antibodies 
(Tables S1 and S2). We observed a significant increase in PSD-95 
immunolabeling within Tuj1-positive and GFAP-negative regions 
(Fig. 2A & C). Additionally, OGAi reduced Synaptophysin 1 labeling in 
Tau-positive neurites (Fig. 2B & D). Together, these findings demon
strate that OGAi induces morphological changes in both dendritic and 
axonal compartments. As of Tau, OGAi exposure did decrease its average 
phosphorylation with an increase of variability (Fig. 2E), affirming their 
intended inhibition of O-GlcNAcylation. Given the functional roles of 
Synaptophysin 1 and PSD-95, it is clear that crucial steps of neuro
transmission like the secretion and the detection of neurotransmitters 
can be affected by OGAi, which matches the electrophysiological 
changes we observed.

4. Discussion

Ceperognastat’s failure echoes the repeated clinical disappointments 
of BACE inhibitors (BACEi), shown to impair cognitive function through 
acute disruption of neurotransmission [7]. Although mechanistically 
distinct, both drug classes share a common outcome: BACEi impair 
synaptic function by prolonging the half-life of cleavable synaptic sub
strates, while OGAi disrupt synaptic integrity by stagnating synaptic 
protein O-GlcNAcylation. While we recognize the testing concentrations 
for the OGAis’ are on the high end and we could not exclude potential 
additive effect of stimulations on OGAi, our findings serve as a 
cautionary tale for ongoing OGAi programs and future drug develop
ment efforts targeting chronic cognitive or neurological disorders. We 
strongly advocate for the routine incorporation of electrophysiological 
assessments into toxicology panels to identify synaptic liabilities before 
advancing compounds into clinical trials. In this study, we investigated 
the synaptic consequences of OGAi administration, reportedly achieving 
> 95 % OGA enzyme occupancy4—levels that in hindsight reflect a 
fundamentally flawed therapeutic strategy for a treatment of chronic 
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Fig. 1. OGA inhibitors alter synaptic plasticity. 
A, sample traces of whole-cell patch clamp recording of hippocampal CA1 pyramidal neurons during the first episode of paired-pulse stimulation (A1) and aligned 
first response from every episode (A2). Scale bar, 20 ms (horizontal) and 0.5pA (vertical). The color coding for DMSO (black), ASN90 (i.e., ASN, red), LY3372689 (i. 
e., LY, green), and MK8719 (i.e., MK, blue) is used in all plots. B, plots of EPSC ratio for the responses during the first episode (B1) and the first responses of five 
episodes (B2). C, LTP measured as relative EPSP slopes after the treatments of OGAi or DMSO. Left insets are sample traces pre- and post 100-Hz 1-s tetanus 
stimulation. Right inset is a violin plot of the average values during the last 30-s recording (i.e., gray box in the plot). Welch’s ANOVA test, W (DFn, DFd) = 10.61 
(3.000, 17.50), p = 0.0003; Kolmogorov-Smimov test, p = 0.0063 (ASN vs. DMSO), 0.0336 (LY vs. DMSO), and 0.0063 (MK vs. DMSO). N = 3 mice and n = 3 slices (i. 
e., 9 recordings in total for every treatment). *, 0.05 > p ≥ 0.01; **, 0.01 > p ≥ 0.005; ***, 0.005 > p ≥ 0.001, ****, p < 0.001.
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neurological cognitive diseases. As Biogen’s Phase I BIIB113 study [6] 
highlighted, potential impacts on synaptic transmission should be 
considered in the design and interpretation of clinical OGA inhibitor 
programs. Further mechanistic study is needed to understand the mo
lecular underpinnings of this drug-induced cognitive decline and to 
prevent similar adverse outcomes in future clinical programs.
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Fig. 2. OGA inhibitors alter synaptic protein levels and Tau phosphorylation. 
A, sample images of fluorescence immunocytochemistry for PSD95, Tuj1, GFAP, and DAPI. Scale bar, 0.5 mm. Images on the left are zoom-in images of PSD95 
immunofluorescence in the cell-body layer (indicated by the white box) for all four treatments. Scale bar, 50 μm B, sample images of fluorescence immunocyto
chemistry for Synaptophysin 1, Tau, pTau, and DAPI. Images on the left are zoom-in images of Synaptophysin 1 immunofluorescence in the cell-body layer (indicated 
by the white box) for all four treatments. C&D, violin plots of PSD95 (C) and Synaptophysin 1 (D) immunofluorescence intensities. E, violin plots of pTau vs. Tau 
fluorescence intensity (F) ratios from the same ROIs of Synaptophysin 1. Welch’s ANOVA test for PSD95, W (DFn, DFd) = 90.96 (3.000, 2168), p < 0.0001; for 
Synaptophysin 1 fluorescence intensity, W (DFn, DFd) = 153.30 (3.000, 2187), p < 0.0001; for pTau/Tau, W (DFn, DFd) = 128.40 (3.000, 1918), p < 0.0001. 
Kolmogorov-Smimov test for all three, p < 0.0001 (ASN vs. DMSO, LY vs. DMSO, and MK vs. DMSO). N = 9 slices from 3 mice (3 ea), n = 999 ROIs (111 randomly 
selected from every slice). *, 0.05 > p ≥ 0.01; **, 0.01 > p ≥ 0.005; ***, 0.005 > p ≥ 0.001, ****, p < 0.001.
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