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At present, five drugs have been approved for the treatment 
of Alzheimer’s disease (AD), including four cholinester-
ase inhibitors (tacrine, donepezil, rivastigmine, and galan-
tamine) and one N-methyl-d-aspartate receptor (NMDAR) 
antagonist memantine. However, no new drugs for AD have 
been approved since 2003. According to the Cleveland Clini-
cal study, 99.6% of clinical trials of AD candidate drugs 
between 2002 and 2012 were failures. The majority of these 
candidate drugs were symptomatic agents aimed at improv-
ing cognition (36.6%), followed by disease-modifying small 
molecules (35.1%) and disease-modifying immunotherapies 
(18%) [1]. Many trials fail because the candidates are una-
ble to show a drug/placebo difference or have unacceptable 
toxicity [1]. The reasons for the lack of efficacy of these 
AD candidates should be evaluated to improve the success 
rate for future drug development. More precise understand-
ing of the complex pathogenesis of AD may provide new 
approaches to novel AD drugs. Furthermore, development of 
novel AD biomarkers may improve early diagnosis in routine 
clinical practice and research.

NMDAR antibodies play a role in neurodegenerative dis-
orders [2]. In this issue, Busse et al. [3] measured the pres-
ence of NMDAR antibodies in serum and cerebrospinal fluid 
(CSF) in patients with mild cognitive impairment (n = 59) 
and different types of dementia, AD (n = 156), subcortical 
ischemic vascular dementia (SIVD: n = 61), and frontotem-
poral dementia (FTD: n = 34). Serum IgA/IgM NMDAR 
antibodies and/or a disturbed blood–CSF barrier were spo-
radically present in all of the investigated patient groups. 
In AD patients, these antibodies often developed during 
the disease course. Loss of function of the blood–CSF bar-
rier was associated with a progressive decline in cognitive 

function and a poor prognosis. The data showed that 
NMDAR antibodies are present in serum from patients with 
different types of dementia as well as from healthy elderly 
individuals. Although the origin and biological impact of 
NMDAR antibodies remain unresolved, the origin of these 
antibodies seems to be in the periphery because NMDARs 
are expressed in peripheral tissues [4].

Monocytes and macrophages, which are tissue-specific 
monocytic cells such as microglia in the brain, are an 
important part of the innate immune system. AD patients 
are diagnosed to have an increased number of quinolinic 
acid (an endogenous NMDAR agonist)-positive cells in their 
peripheral monocytes compared with age-matched controls 
[5]. Furthermore, these cell populations remain increased 
in AD for up to 1 year after treatment initiation with the AD 
drug rivastigmine; no alterations were detected in healthy 
elderly subjects. Quinolinic acid is suggested to play a role 
in the neurotoxicity of AD via several mechanisms. Quino-
linic acid directly acts as an agonist at NMDARs, inducing 
NMDAR-mediated excitotoxicity in the brain. Furthermore, 
it accumulates in amyloid-β plaques and within dystrophic 
neurons, inducing tau phosphorylation through NMDAR 
activation. Collectively, it is likely that quinolinic acid-
expressing cells in peripheral monocytes contribute to the 
neurotoxicity of quinolinic acid in the brain [5].

Cholesterol, an essential component in the structure 
and function of cell membranes, is also associated with 
AD pathogenesis [6]. Previous studies have demonstrated 
a decrease in 24(S)-hydroxycholesterol and an increase in 
27(S)-hydroxycholesterol in AD patients [7]. Interestingly, 
there is considerable evidence suggesting a relationship 
between the degree of brain atrophy and plasma levels of 
the cholesterol metabolite 24(S)-hydroxycholesterol [7]. In 
this issue, Costa et al. [8] found decreased plasma levels of 
24(S)-hydroxycholesterol in probable AD patients (n = 30) 
compared with healthy controls (n = 33), whereas plasma 
levels of 27(S)-hydroxycholesterol and total cholesterol 
were not altered. Furthermore, the presence of an ApoE4 
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allele was not associated with cholesterol, 24(S)-hydroxy-
cholesterol or 27(S)-hydroxycholesterol. After 3 months of 
donepezil treatment, there was no change in cholesterol or 
24(S)-hydroxycholesterol level, which remained lower than 
in controls; however, 27(S)-hydroxycholesterol levels did 
show a slight increase. After 6 months of treatment, there 
was a discrete increase in cholesterol levels, but no change 
in 24(S)-hydroxycholesterol levels. Although Costa et al. [8] 
suggest a role of disturbed cholesterol turnover in AD patho-
genesis, further studies using larger populations are needed.

A recent meta-analysis demonstrated that several core 
biomarkers can differentiate AD patients from controls 
with good performance, namely CSF total tau, phospho-
rylated tau, and amyloid-β42. CSF neurofilament light pro-
tein (NFL) and plasma total tau also had large effect sizes 
when differentiating between controls and AD patients [9]. 
Soluble amyloid precursor protein β (sAPPβ), a potential 
plasma biomarker candidate for AD, is a product of the ini-
tial phase of the amyloid cascade. In this issue, Alexopou-
los et al. [10] reported that plasma levels of sAPPβ were 
significantly lower in patients with symptomatic AD (21 
with mild cognitive impairment due to AD and 44 with AD 
dementia) with AD-typical cerebral hypometabolic patterns 
compared with cognitively healthy elderly subjects (n = 27) 
without preclinical AD. In contrast, there were no differ-
ences in plasma levels of sAPPβ between MCI subjects and 
AD patients, although their sAPPβ levels were lower than 
those of healthy controls. This study suggests an association 
between the plasma sAPPβ levels and AD. It is thus likely 
that plasma sAPPβ levels could serve as a potential non-
invasive and cost-effective biomarker of AD. Nonetheless, 
further studies using larger sample sizes are needed.

In conclusion, abnormalities in the brain-immune sys-
tem, including NMDAR antibodies, quinolinic acid, cho-
lesterol metabolism, and amyloid synthesis, play a key role 
in the pathogenesis of AD. Therefore, it is likely that early 
pharmaceutical intervention in combination with multiple 
diagnostic biomarkers may prevent or delay the onset of AD.
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