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Cholinergic dysfunction in 
Alzheimer’s disease (AD)

Mesulam et al. , 2013; Ferrari et al., 2018; Liu et al. Acta Neuropathol, 2015; Hampel et al. Brain, 2018; Francis et al. J Neurol Neurosurg Psychiatry, 1999; Lin et al. Brain, 2022
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p38α inhibitor neflamapimod (NFMD) reduces CSF tau in AD

Munoz and Ammit, Neuropharmacology, 2010; Prins et al, Alz Res Ther, 2021, 27:106; Alam, J of Alzheimer’s, 2015 4



NFMD restores cholinergic neurons in 
preclinical mouse model

Jiang et al, Nature Communications, 2022 

NFMD improves cognition and 
function in a clinical trial in dementia 
with Lewy body
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MRI-measured NbM integrity are potential biomarker for AD 
progression and treatment effect

• NbM structural alteration is an upstream 
event for AD progression in the brain

• Microstructural alteration in the NbM is a 
proxy of cholinergic loss.

• Functional changes in NbM connectivity 
correlates with memory function in 
preclinical AD.

Fernández-Cabello et al. Brain, 2020; Teipel et al. J of Alzheimers, 2022; Lin et al. Brain, 2022; Chiesa et al.Radiology, 2018; Zheng et al. 2022 6



Aim: Assess the effects of NFMD on the NbM in early
AD using structural and functional MRI
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Inclusion criteria
• Double-blind dose-controlled
• Male or female, age 60–85 years with MCI due to AD or mild AD
• Elevated 11C-PiB PET amyloid plaque load
• MMSE between 20-28

Schelten et al, Ann Clin Trans Neurol 2018; 5: 464–473

Study design
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Scheltens, et al, Ann Clin Trans Neurol 2018; Kilimann et al, J Alzhiemer’s Disease 2014 

Study design

Patients
Clinical characteristics

N 15
Gender M/F (%M) 9/6 (60%)
Age median (years) 66,5
Range (63-85)
MMSE median 23
Range 20-28
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3D T1 MRI
• Global brain volume (sienax)
• NbM volume (NbM probabilistic atlas and 

FSL registration)

Resting-state functional MRI

SIENAX Kilimann et al., 2014

• Default-mode
• Frontoparietal
• Attention
• Visual
• Sensorimotor
• Limbic
• Deep grey matter

NbM

Dynamic: coefficient of variation
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mean 0.7% ↓
(IQR: -1.7%, 0.6% ) NbM volume

469 (SD=47) mm3
NbM volume
483 (SD=49) mm3

mean 3,1% ↑
(IQR: -0,7, +6.5%) 

8/15 participants >3% increase

Increased NbM volume at 
follow-up
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0,83 
(SD=0,13)

0,90 
(SD=0,12)

mean 11% ↑
(IQR: -3.7, +25,2%) 

6/13 participants >10% increase

Increased dynamic connectivity 
between NbM-deep grey matter (DGM)
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Increased NbM volume and NbM-DGM connectivity 
in early AD patients treated with NFMD 

• NbM volume reduces 0.5%-1% annually in 
untreated AD, and is correlated with cholinergic 
neuronal loss.

Discussion

Mufson et al. Expert Rev Neurotherpeutics, 2006; Schmitz et al. Nat Comm, 2016; Lin et al. Brain, 2022; Chiesa et al.Radiology, 2018; Carmo et al. Cells, 2022; 
Fernández-Cabello et al. Brain, 2020 

(Jiang et al., 2022)

• In AD, cholinergic neurons shrink, are depleted of 
phenotypic markers, and/or persist in an atrophic 
state
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Conclusions
• Neflamapimod treatment is associated with 

increasing NbM volume and NbM-DGM 
dynamic connectivity, suggesting p38α 
kinase inhibition has a positive impact on 
the cholinergic degenerative process in AD.

• Functional and structural MRI assessments 
of the NbM may be potential biomarkers for 
therapeutic effects.

• Further evaluation of the potential effect of 
neflamapimod on the NbM in placebo-
controlled clinical trials in AD and correlation 
with clinical outcomes is warranted.
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