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Pharmacokinetic, Pharmacodynamics, and Transcriptomics Analysis
of Verubecestat Treatment in 5XFAD mice
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INTRODUCTION

PHARMACOKINETIC EFFECTS OF VERUBECESTAT TREATMENT

The preclinical testing core (PTC) of the Model Organism Development for the Evaluation
of Late Onset Alzheimer’s Disease (MODEL-AD) consortium has established a
streamlined preclinical drug testing strategy with go/no-go decision points that permits
critical and unbiased assessments of potential therapeutic agents.
The goals of the PTC are to develop a testing strategy that maximizes the therapeutic
potential of all drug candidates by initiating the dosing strategy prior to the onset of
disease relevant biomarker readouts. The PTC strategy includes a primary screen to
determine: 1) drug formulation; 2) drug stability; and 3) in vivo pharmacokinetics (PK)
and target tissue concentrations in models at disease-relevant ages. A secondary screen
evaluates target disease modifying activity utilizing non-invasive PET/MRI as a
pharmacodynamics (PD) readout matched to known disease pathology in the model.
Compounds demonstrating positive PD effects in the secondary screen are further
interrogated via a tertiary screen of functional assays that assess the compounds ability
to normalize a disease-related phenotype in cognition and neurophysiological tests.
The final component of the
PTC
screen
includes
confirmatory exposure levels
(PK), and gene expression
profiling to evaluate drug
related
transcriptomic
changes.

PK/PD modeling from oral gavage data revealed a short terminal half-life of ~ 2.5 hrs in 6 month aged male and female
5XFAD mice which suggested a requirement of dosing at least every 12 hours to minimize Cmin:Cmax; therefore for
chronic PD studies, VER was milled into chow and administered ad libitum.

PK/PD modeling from pilot PK studies in male and female 5XFAD mice at the pathophysiologically relevant age
intended for PD studies (6 months) supported selection of appropriate dose range (10-100 mg/kg/day) for chow
formulation to cover inter-pellet variability and sex differences in exposure levels for long term PD studies.
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Plasma verubecestat post oral gavage administration fit a one-compartment first-order absorption model, with clearance of 0.24 L/h (15.7% RSE),
volume of distribution was 0.84 L (15.6% RSE), and terminal half-life of 2.5 hrs.

Sex
Male
(n=5)
Female
(n=5)
Male
(n=7)
Female
(n=7)

2 hr post
lights off
153.4
(126.6-176.9)
214.0
(124.3-352.8)
69.4
(40.3-76.3)
148.6
(76.3-294.5)

12 hr post lights
off
147.6
(123.2-164.2)
205.5
(126.4-281.7)
96.0
(65.9-122.0)
93.3
(70.1-111.8)

22 hr post
lights off
68.8
(44.4-90.4)
99.2
(87.9-139.6)
39.1
(27.8-70.6)
69.6
(33.5-115.1)

Data presented as median (range). A concentration of 180 ppm was targeted
to achieve a dose of 30 mg/kg/day based on an average 30 g mouse
consuming ~5 g chow per day. Inter-sample interval was 2-3 days.

Grey lines = 90% prediction interval
Red circles = individual housing
Green circles = group housing

Time (hours)

Simulated plasma concentration-time profile of 30 mg/kg VER
(assuming 12 hours feeding; 1/12th of daily dose/hr); compared
to published EC50 values in rats (Kennedy et al., 2016).

PHARMACODYNAMIC EFFECTS OF CHRONIC VERUBECESTAT TREATMENT
Chronic prophylactic treatment with VER resulted in the expected dose-dependent reductions in
Aβ levels in 6 month aged male and female 5XFAD mice as measured by 18F-AV45 PET

Chronic prophylactic treatment with VER failed to alter glucose metabolism in 6 month aged
male and female 5XFAD mice as measured by 18F-FDG PET

18F-AV45 PET/MRI images represent an average of 5 randomly selected males and females; autoradiography images are representative males or
females. In all cases, images are presented as SUVR to the cerebellum. Each bregma image panel presented as average MRI (left), PET (center-left),
Fused (center-right), and Autoradiography (right) for 3 bregma targets (0.38, -1.94, -3.80) as a function of chronic VER dosing (top to bottom).

18F-FDG PET/MRI images represent an average of 5 randomly selected male and females; autoradiography images are representative males or
females. In all cases, images are presented as SUVR to the cerebellum. Each bregma image panel presented as average MRI (left), PET (center-left),
Fused (center-right), and Autoradiography (right) for 3 bregma targets (0.38, -1.94, -3.80) as a function of chronic VER dosing (top to bottom).

For the present studies, we
selected the BACE1 inhibitor
verubecestat
(VER),
for
testing in aging male and
female 5XFAD mice as a
positive control to support
validation of the PTC pipeline.

• Male and female 5XFAD mice (B6.Cg-Tg (APPSwFlLon,PSEN1*M146L*L286V)
6799Vas/Mmjax; JR# 34848) from The Jackson Laboratory were used for all PK and
PD studies.
• Verubecestat trifluoroacetate (MK-8931; synthesized by Selleckchem.com), analyzed
by LC/MS/MS, and milled into LabDiet® 5LG4 (irradiated; TestDiet®, St. Louis, MO,
USA).
• Pilot PK studies were conducted in 6mo male and female 5XFAD mice, where PK
modeling was performed (NONMEM 7.3) and mean PK parameters were used to
simulate ad lib dosing scenarios for PD studies.
• For PD studies, chronic administration of VER began at 3mo and PD endpoints
measured at 6 mo. VER was administered ad libitum in chow; formulated at 60, 180,
and 600 parts per million (ppm) to achieve daily dosages of 10, 30, and 100 mg/kg/day;
respectively, based on average mouse weight of 30 grams and estimated consumption
of 5 g/day.
• All PET scanning (15 min/ea.) was performed on the IndyPET3 scanner and post
mortem brains were extracted and frozen for autoradiography (Autorad). MRIs were
acquired (10 min/ea.) on a Siemens 3T Prisma scanner outfitted with a 4 channel
phased array head coil. PET/MRI images were co-registered to Paxinos-Franklin atlas
and 27 average brain (56 total for left and right) regions were extracted. For
Autoradiography, frozen brains were sectioned at 20 um in sextuplet at 3 bregma
targets, exposed on phosphor plates, scanned and segmented for 16 brain regions.
• At the conclusion of behavioral testing, terminal CSF, plasma, and brain tissue were
collected. Homogenate from left brain hemisphere was analyzed using a custom
nanostring nCounter® Mouse AD panel that was designed to identify correlations to
changes in gene expression specific to clinical late-onset AD. Differential gene
expression was determined based on genotype, sex, and treatment.
• Bioanalytical analysis by LC-MS/MS and Non-compartmental analysis (NCA) for
terminal plasma and right brain hemisphere for confirmatory PK as well as analysis of
brain Aβ 40 and 42 levels via MSD ELISA are in progress and were delayed due to
Covid-19.
• All studies were conducted according to ARRIVE guidelines, where technicians were
blinded to dose and genotype during execution of experiments and throughout data
collection and analysis. Protocols, raw, and QCd data are available (see links below).
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18F-FDG PET/MRI SUVR (REGION/CEREBELLUM)

METHODS

Quantitative analysis of 18F-AV45 PET/MRI uptake in male and female 5XFAD mice as a function of VER dose. Data presented are means ± 1 SEM,
and analyzed with a 2-way ANOVA, with sex and treatment as factors. As predicted, VER produced dose-dependent reductions in 18F-AV45 uptake.

GENE EXPRESSION PROFILING OF CHRONIC VERUBECESTAT TREATMENT
•

Gene expression profiling as a function of VER dose for 6
month aged male and female 5XFAD mice (n=4-8 per sex per
dose level) at the conclusion of 3 month chronic treatment.

•

Color represents z-scores for each gene.

•

Cool colors (blue hues) represent dose related decreases in
5XFAD gene expression with VER treatment.

•

Warm colors (yellow-brown hues) represent dose related
increases in 5XFAD gene expression with VER treatment.

•

For comparison, presented in the far right panel are
expression changes in genes observed in AD patients v case
controls from ROSMAP, MAYO, and SINAI cohorts mined from
AMP-AD.

•

By aligning 5XFAD mice (vehicle-treated) with gene expression
changes in AD patients, the data suggest an overall trend for
VER improving gene expression of some AD-related gene
modules.

MODEL-AD was established with funding from The National Institute on Aging (U54 AG054345-01)

• AD Knowledge Portal: https://adknowledgeportal.synapse.org/ • MODEL AD: http:/www.modelad.org
• STOP-AD Portal: https://stopadportal.synapse.org • Jax Models: https://www.jax.org/alzheimers

Quantitative analysis of 18F-FDG PET/MRI uptake in male and female 5XFAD mice as a function of VER dose. Data presented are means ± 1 SEM, and
analyzed with a 2-way ANOVA, with sex and treatment as factors. VER did not alter 18F-FDG uptake at any of the doses tested.

SUMMARY & CONCLUSIONS
• PK/PD modeling from pilot PK studies in the same animal model (5XFAD) and at the pathophysiologically relevant age
intended for PD studies (6 months) supported selection of appropriate dose range (10-100 mg/kg/day) for chow
formulation to cover pellet variability and sex differences in exposure levels for long term PD studies. Consistent with
previous reports, after ~ 4 weeks of chronic dosing in pelleted chow, coat color changes were observed indicative of
target engagement. No other adverse events were observed.
• Verubecestat produced dose dependent reductions in 18F-AV45 PET, but not 18F-FDG, and were validated via Autorad
• Transcriptomics revealing information on Verubecestat’s mechanism of action and may be an important tool for
identifying patient populations related to a drug’s mechanism of action.
• Critical pending data include analysis of PK and PD of brain from subjects assessed in behavioral studies. Given that
drug was “self-administered” in the context of ad libitum feeding, brain PK and Aβ levels are crucial to understanding the
behavioral responses as a function of drug effect at the target (PK and target engagement).
• Taken together, the present studies highlight the rigor of the PTC’s screening strategy for evaluating compounds.
Compounds can be submitted by the research community for screening by the PTC through the STOP-AD portal.

