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Abstract: Neuroinflammation is one of the main mechanisms contributing to the pathogenesis of
Alzheimer’s disease (AD), although its key role and the immune cells involved have not yet been
identified. Blood monocytes appear to play a role in the clearance of AD-related amyloid-f (Ap) and
tau protein. This retrospective study evaluated a possible correlation between blood monocytes; the
concentrations of A, total tau (t-Tau), and phosphorylated tau (p-Tau) in the cerebrospinal fluid
(CSF); and cognitive decline assessed according to the Montreal Cognitive Assessment (MoCA). We
collected data from 33 patients with AD or mild cognitive impairment (MCI) due to AD (15 men and
18 women) and found, along with a significant reduction in the concentration of blood monocytes
in women (p-value = 0.083),significant correlations between the number of blood monocytes and
the concentration of t-Tau in CSF (p-value = 0.045) and between blood monocytes and MoCA score
(p-value = 0.037). These results confirm the role of blood monocytes in the pathogenesis of AD,
provide further evidence of a gender difference in the neuroinflammatory process underlying AD,
and show that blood monocyte count may reflect the cognitive impairment of AD patients.

Keywords: patients; monocytes; tau; cerebrospinal fluid; MoCA; gender difference; cognitive decline;
Alzheimer’s disease pathogenesis; diagnostics

1. Introduction

Alzheimer’s disease (AD) is one of the major health burdens in our society and the main
cause of dementia in people older than 65 years, affecting 60-70% of all dementia cases [1-4].
It is estimated that around 50-55 million people are affected by dementia, corresponding
to 0.7-0.75% of the population worldwide [2,5]. In the last thirty years, the prevalence of
dementia has more than doubled, and the World Health Organization (WHO) estimates
that new cases increase by 10 million each year and will continue to rise in line with the
ageing of the population [1,6]. AD is characterized by progressive disability with increasing
morbidity, resulting in hurtful consequences for patients and their caregivers as well as
mortality. Consequently, the absence of an effective therapy makes this disease a major issue
for today’s healthcare system and a considerable contributor to healthcare costs [2,4,5].

AD is a neurodegenerative disease whose pathophysiological process is still under
investigation. However, some hypotheses have acquired greater importance and have
therefore been extensively studied. Among these, the amyloid cascade has been considered
a pathogenic driver of AD [7-9]. This hypothesis postulates that AD may result from the
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accumulation of A protein in the extracellular space in the form of senile plaques [10] and
the formation of intracellular neurofibrillary tangles (NFIs) made of fibrillar, hyperphos-
phorylated tau protein [11]. The latter mechanism may be triggered by pathogenic forms
of AP [12-15] causing a loss of communication between neurons as well as the failure of
signal processing, culminating in the death of the neurons and the typical clinical scenario
of cognitive impairment and changes in personality [7,16-20].

Whilst the amyloid cascade represents the most studied pathophysiological hypothesis
for AD, new pathogenetic models are gaining relevance. Among them, neuroinflammation
appears to contribute to the pathogenesis of AD by involving various central nervous sys-
tem (CNS) cell types, ultimately fueling a vicious circle accelerating the neurodegenerative
process via mechanisms that are not fully understood [21,22]. Indeed, it is proposed that
rather than being secondary to the amyloid cascade, neuroinflammation may contribute at
least as much as AP and tau to AD pathogenesis [21-24]. Furthermore, analyses of the first
clinical stages of AD and the presence of an inflammatory process (e.g., in cerebrospinal
fluid) have shown immune system to play a much earlier role in the pathogenesis of AD,
indicating that neuroinflammation may also steer degeneration, independent of plaque
deposition [22,24]. A study by Krstic et al. even showed that neuroinflammation may
precede or cause senile plaques and NFT accumulation [25].

Unlike conventional neuroinflammatory diseases, such as multiple sclerosis (MS)
and encephalitis, in which mainly adaptive immune system cells (T- and B-lymphocytes)
are involved [26,27], the inflammatory process of AD primarily engages immune cells
residing in the CNS, i.e., the innate immune system of the brain, represented by microglia,
astrocytes, and perivascular macrophages [22,28,29]. The recruiting of other immune cells
derived from the periphery into the CNS, including monocytes and dendritic cells, is under
investigation. It has been suggested that A3 accumulation could be attributed to failed
clearance by macrophages and peripheral monocytes. Hence, unhealthy and dysfunctional
bone-marrow-derived monocytes may play a major role in AD pathology [22,24,30-35].

Whilst preclinical studies conducted on animal models have highlighted the role of
the microglia and the monocyte in the pathogenesis of AD [36,37], few clinical studies
have addressed the value of blood monocyte count as a marker of neurodegeneration. A
recent prospective study by Sun et al. comprising 127 AD patients and 100 controls showed
a significant reduction in blood monocyte count in AD patients compared to controls
(p < 0.001), which inversely correlated with CSF t-Tau (p = 0.019 for AD), p-Tau (p = 0.001
for AD), t-Tau/AB42, and p-Tau/AB42 in 46 AD patients (Spearman’s correlation was
used for the statistical analyses and the threshold for significance was set at 5%). These
correlations were not found in their control group, and no correlation was found between
blood monocytes and AB42 (p = 0.275) [38]. These data provide evidence of an association
between increased blood monocytes and reduced CSF tau, perhaps due to a monocyte-
driven clearance function against brain tau. The objective of our study was to confirm these
data by performing a retrospective study on a cohort of 33 patients diagnosed with AD or
mild cognitive impairment (MCI) due to AD. In addition, we investigated whether blood
monocyte count correlated with gender or with the severity of cognitive impairment.

2. Materials and Methods
2.1. Subjects

A group of N = 33 patients fulfilling the clinical consensus criteria for AD [39] or MCI
due to AD [40] were consecutively recruited between 2019 and 2021 from our memory
clinic (the Neurocenter of Southern Switzerland) and evaluated by a team of experienced
behavioral neurologists and neuropsychologists. Informed consent was obtained from
all subjects involved in the study. The sample included 15 men and 18 women, with a
median age of 70 years and a median of 13 years of education (see Table 1). Men and
women did not differ significantly in terms of age (p-value = 0.993) or number of years of
education (p-value = 0.293). Clinical severity was scored for N =29 patients, whereby N = 21
underwent a Montreal Cognitive Assessment (MoCA) [41] and N = 8 underwent a mini



NeuroSci 2023, 4

321

mental state examination (MMSE) [42]. In order to standardize the cognitive assessment
data and enable correlation analyses to be carried out, we used a validated MMSE-MoCA
conversion table [43]. The MoCA includes aspects of memory recall, visuospatial ability,
executive functions, orientation, language, attention, concentration, and working memory.
This comprehensive measure of cognitive functions displays an improved sensitivity at an
early stage of the disease, such as in MCI due to AD [41,44,45].

Table 1. Descriptive statistics.

. Median .
Variables (Mean) Interquartile Range
Sociodemographics
Gender (N = 33)

Men (count) 15 -

Women (count) 18 -
70.00

Age (N =33) (70.24) 13.50

. 13.00

Years of education (N = 33) (12.30) 4.00

CSF AD biomarkers

t-Tau [ng/L] (N = 30) 502.50 358.50

p-Tau [ng/L] (N = 29) 109.00 69.50

ApB42 [ng/L] (N = 30) 495.50 245.00

AP40/42 ratio (N =22) 0.07 0.03
19.00

MoCA score (N = 29) (17.66) 7.00
1.00

CDR (N =33) (1.27) 1.50

9
Blood monocyte count [10°/L] 0.40 0.17

(N =33)

CSF, cerebrospinal fluid; t-Tau, total tau; p-Tau, phosphorylated tau; A, amyloid-3; MoCA, Montreal Cognitive
Assessment.

According to the currently in-use NIA-AA criteria, revised in 2011 by McKhann
et al. [46] and Albert et al. [47], the AD pathophysiological process for the N = 33 pa-
tients with available blood monocytic counts (measured using an automatic blood ana-
lyzer) included in this study was confirmed in N = 30 using pathological CSF markers
(AP42 <780 ng/L, t-Tau > 290 ng/L, p-Tau > 60 ng/L). CSF was collected via lumbar
puncture and analyzed by enzyme-linked immunosorbent assay (ELISA by Fujirebio) in
two different laboratories; one of them also provided the A340/42 ratio. The three patients
with missing CSF data presented typical AD imaging either by amyloid PET, FDG PET, or
MR, again according to the NIA-AA criteria [46,47]. Most patients underwent more than
one investigation to confirm the diagnosis. Indeed, MRI was performed on 32 patients,
amyloid PET on 5 patients, and FDG PET on 8 patients. Subjects with neoplastic diseases
causing myelosuppression or taking myelotoxic drugs were excluded from the study. A
flowchart of the patients included is depicted in Figure 1.

We retrospectively identified 288 patients with a clinical diagnosis of dementia investi-
gated at our memory clinic between 2019 and 2021. Of these, 178 had received a clinical
diagnosis of AD or MCI. We were compelled to exclude most of them either because they
lacked invasive investigations, which are usually not performed for MCI, or because the
patients were above 75 years of age. Patients were then excluded if they had: other types of
dementia or neurological disorders affecting cognitive function, major psychiatric disor-
ders, a history of severe head trauma or chronic alcohol abuse, severe systemic disorders
including immunological ones, or no analysis of the blood monocytes count. The small
number of patients selected and the absence of a control group are due to the small size of
our memory clinic, the retrospective nature of the study, and the requirement of invasive
examination for the CSF proteins.
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FPotentially eligible paricipants
MN=238

Participants with a non-AD dementia
diagnosis

N=110

FParticipants with a clinical AD ar MCI
diagnosis

M=178

Patients not meeting inclusion criteria ar
meeting exclusion criteria

N=145

Selected patients
M=33

Figure 1. Patient selection flowchart.

2.2. Statistical Analyses

Continuous variables were described using medians and interquartile ranges, while
the only categorical variable (gender) was presented using absolute frequencies. The
relations between blood monocytic count and the other continuous variables were assessed
through Spearman correlation coefficients, while the relation with gender was evaluated
using the Mann-Whitney test. The relations between gender and the CSF AD biomarker
levels were also assessed using the Mann-Whitney test. The threshold for statistical
significance was set at the 10% to mitigate the high risk of type II errors associated with
limited sample size. We performed all statistical analyses with Stata/IC 16.0 (StataCorp,
4905 Lakeway Drive, College Station, TX, USA).

3. Results
3.1. Description of the Data

Descriptive statistics of the variables considered are reported in Table 1. The median
levels of t-Tau and p-Tau were 502 and 109 ng/L, respectively, while the median A42 level
equaled 495.5 ng/L. The median Af340/42 ratio was 0.07, the median MoCA score was 19,
and the median CDR score was 1. The median blood monocyte count was 0.4*10° per liter.
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3.2. Bivariate Analysis

Table 2 reports the assessment of the relations between blood monocyte count and
the other variables considered. The numerical values reported highlight three statistically
significant relations. The blood monocyte level was significantly higher among men, with
a median of 0.44 x 10 per liter, compared to women, with a median of 0.36 x 10° per liter
(p-value = 0.083). Moreover, blood monocyte count was inversely correlated with t-Tau
level (p-value = 0.045) and directly correlated with MoCA score (MoCA p-value = 0.037)
(Figure 2).

Table 2. Relations between blood monocyte count and the other variables.

Blood Monocyte Count [10°/L]

Variables Spearman Correlation Mann-Whitney Test
Coefficients Median (IQR) Test Result

Sociodemographics

Gender (N = 33)

Men - 0.44 (0.14) .

Wornen . 036 (0.19) z=-1739

Age (N =33) 0.237 -

CSF AD biomarkers

t-Tau [ng/L] (N = 30) —0.368 ** -

p-Tau [ng/L] (N =29) -0.277 -

ApB42 [ng/L] (N = 30) —0.058 -

AP40/42 ratio (N =22) 0.091 -

MoCA score (N = 29) 0.390 **

**p <0.05,* p <0.1. CSF, cerebrospinal fluid; t-Tau, total tau; p-Tau, phosphorylated tau; A3, amyloid-3; MoCA,
Montreal Cognitive Assessment.
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Figure 2. Scatter plot with regression line showing the direct correlation between MoCA score and
blood monocyte count (107 /L). The green point is considered an outlier.

No statistically significant relations between gender and the CSF AD biomarker levels
were found (output omitted for brevity).
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4. Discussion

This study found that CSF t-Tau has an inverse correlation with blood monocyte count.
This observation validates an earlier report by Sun et al., who showed a significant negative
correlation between CSF t-Tau and blood monocyte level (p = 0.019 for AD, p = 0.041 for
MCI) and between the latter and CSF p-Tau (p = 0.001 for AD, p = 0.057 for MCI) in AD
and MCI patients [38]. The smaller cohort size and the retrospective design of our study
emphasizes the robustness of the previous findings. Furthermore, with our analysis of
clinical severity and gender as additional variables, we obtained evidence of the impact
of blood monocyte count on disease course as well as evidence of lower blood monocyte
counts in women affected by AD or MCI due to AD when compared to men.

Neuroinflammation plays a key role in the development of AD, and evidence exists to
show that it may contribute to the pathogenesis of AD at least as much as the deposition of
Ap and tau aggregates [21-24]. Extrinsic factors promoting neuroinflammation (systemic
inflammation, obesity, traumatic brain injury) have been reported to increase the risk of
developing AD [22,24]. In addition, increased concentration of inflammatory mediators
such as interleukin-1 and tumor necrosis factor have been observed in the brains of AD
patients and of mice models [37,48,49].

Genome-wide association studies (GWAS) have uncovered a link between a higher
risk of AD and variations in the genes encoding for triggering receptor expressed on
myeloid cells 2 (TREM2) [50,51] or the myeloid cell surface antigen CD33 [52-54]. No-
tably, TREM2 and CD33 modulate the ability of monocytes to clear A3 [37,50-52,54,55].
Furthermore, neurodegeneration in mice has been shown to be mitigated by, for example,
peripheral exposure to myelin-derived antigens, causing the recruitment of monocytes
to the brain [37,56,57], which may assist resident immune cells in counteracting protein
accumulation [22,24,30-35]. Blood-derived monocytes may even substitute impaired res-
ident microglia in the disease [32,58], as shown by the peripheral infusion of activated
monocytes [59,60].

Much evidence has been produced on the interaction between microglia and mono-
cytes and the accumulation of A3, as these have a possible role in clearing brain A3 protein,
which may also alleviate downstream AD pathologies, including those linked to aberrant
tau metabolism. Whilst their action on NFTs remains to be elucidated, the clearance of tau
protein by monocytes has been reported [22,61-63]. Chemokines are important mediators
of immune cell migration to the site of inflammation, including monocyte recruitment to
the CNS. In mice, C-C chemokine motif receptor 2 (CCR2) deficiency has been shown to
reduce monocyte infiltration, which is linked to AD-like pathology [31,62,64], and increase
tau pathology [65]. Paradoxically, microglial C-X3-C motif chemokine receptor 1 (CX3CR1)
disruption has been shown to exacerbate tau deposition whilst enhancing the phagocytic
ability of microglial against Ap deposition [22,62,66-71]. However, a study by Wang et al.
showed that tau removal from the blood by peripheral monocytes may also contribute
to slowing down brain accumulation of phosphorylated tau and neurodegenerative dam-
age [72], highlighting once more the importance of peripheral monocytes in AD pathology.
Although lacking direct clinical evidence, empowering blood-derived cells to accelerate tau
clearance may represent a potential AD treatment [37], a strategy jeopardized by the role of
neuroinflammation in fostering neurodegeneration [24,73-75], which is perhaps linked to
disease progression [62].

The fact that blood monocyte count correlates both with CSF tau concentration and
MoCA score supports the hypothesis according to which high CSF tau predicts a rapid
cognitive decline [76,77] and is correlated with the intensity of the disease [78-80]. However,
conflicting results have been produced in this regard, and the role of CSF tau in explaining
the link between blood monocytes and cognitive impairment remains only hypothetical.

Our study also proposes gender as another factor influencing blood monocyte count
in AD. Remarkably, lower blood monocyte levels were found in women, who are known to
suffer a faster cognitive decline in MCI or AD [81]. Although the impact of gender on A3
and tau burden is unclear [81], a longitudinal study in the Alzheimer’s Disease Neuroimag-
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ing Initiative (ADNI) cohort revealed that women with positive CSF biomarkers suffered
from faster neurodegeneration and cognitive deterioration than men [82]. Sparce evidence
exists for possible mechanisms generating a gender difference in the neuroinflammatory
process [83], such as the possible role of microglial miRNAs and their consequences on
microglial transcriptome and tau pathogenesis [84]. Interestingly, an AD-linked TREM2
variant leads to a more rapid microglial reaction and a more important memory impairment
in female mice compared to male mice. Furthermore, the same TREM2 variant causes
increased inflammation only in female mice [83,85], suggesting that inflammation may
play a role in the gender differences. [83]. Systematic studies in this field are necessary to
better define these aspects, which are critical for developing and implementing precision
medicine in AD. Importantly, our findings imply that gender should be considered as
a critical modifier when designing predictive models for AD as well as when planning
clinical trials. However, gender difference in peripheral monocyte counts may represent an
AD-independent characteristic [86].

We also report an inverse correlation between blood monocytes and the severity of
the clinical presentation when assessed by MoCA score [41]. To our knowledge, this result
is the first to be reported in a population of patients with biologically confirmed AD. The
presence of lower monocyte counts in patients with a severe cognitive impairment could be
explained by the role of inflammation in the different stages of the disease, with it making
a significant contribution when the neurodegeneration progresses [37]. Lower levels of
monocytes, and thus the failure of monocyte activity in AD pathology, would be associated
with a greater cognitive impairment and consequently with a lower score MoCA score.

The most significant limitation of this study is that the correlation between blood
monocyte count and CSF tau does not address the causality of the process and the role,
in vivo, of the monocyte. Also, lower monocyte counts in blood correlated with higher CSF
tau, but this association was not found for CSF A (however, similar results were found
by Sun et al. [38]). Another limitation is the use of a retrospective study design without a
control group. These two limitations mean that we did not have biological data without
preanalytical and analytical standardization and could only make a comparison with the
normal laboratory reference parameters. Indeed, lumbar punctures were not performed
at the same time of the day for all the patients, and the CSF analysis was performed at
two different laboratories, though these used the same technique and unit of measurement.
Furthermore, as mentioned above, some patients only had an MMSE result, which was
converted into an MoCA score. Despite these limitations, our results provide further in vivo
evidence of the possible implication of the immune system in AD. Changes in immune
cells, the interaction between immune cell dysfunctions and AD pathology, and the gene
susceptibility of immune cells all relate to AD [87]. We are therefore encouraged to continue
our studies, which have the potential to improve the diagnosis of Alzheimer’s disease with
a cell-based marker perhaps involved in the pathogenic process.

5. Future Perspectives

Our explorative study represents a preliminary step supporting the need for further
research focused on inflammatory cells as a potential key player in AD clinical progression.
Further research to substantiate our findings are needed, preferably in a prospective setting
with a control group and a larger sample size. The link between blood monocytes and tau
proteins should be investigated to question the possibility of a direct causal relationship.
Relevant CSF mediators of immune cell migration into the CNS should also be analyzed
in correlation with conventional CSF protein markers for AD. The impact of gender and
perhaps of aging on blood monocyte counts should be confirmed and compared with a
control group.
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Abbreviations
AD Alzheimer’s disease
Ap Amyloid-p protein
ApR42 Amyloid-p with 42 residues
CCR2 C-C motif chemokine receptor 2
CDR score  Clinical Dementia Rating score
CNS Central nervous system
CSF Cerebrospinal fluid
CX3CR1 C-X3-C motif chemokine receptor 1
FDG [18F] Fluorodeoxyglucose
GWAS Genome-wide association studies
MCI Mild cognitive impairment
MMSE Mini mental state examination
MoCA Montreal Cognitive Assessment
MRI Magnetic resonance imaging
MS Multiple sclerosis
NFTs Neurofibrillary tangles
NIA-AA National Institute on Aging and Alzheimer’s Association
p-Tau Phosphorylated tau
PET Positron emission tomography
t-Tau Total tau
TREM2 Triggering receptor expressed on myeloid cells 2
WHO World Health Organization
References
1. Tahami Monfared, A.A.; Byrnes, M.].; White, L.A.; Zhang, Q. Alzheimer’s Disease: Epidemiology and Clinical Progression.
Neurol. Ther. 2022, 11, 553-569. [CrossRef] [PubMed]
2. World Health Organization. Dementia. 2021. Available online: https://www.who.int/news-room/fact-sheets/detail /dementia
(accessed on 15 March 2023).
3. Zhang, X.X; Tian, Y.; Wang, Z.T.; Ma, Y.H.; Tan, L.; Yu, ].T. The Epidemiology of Alzheimer’s Disease Modifiable Risk Factors and
Prevention. J. Prev. Alzheimers Dis. 2021, 8, 313-321. [CrossRef] [PubMed]
4.  Erkkinen, M.G.; Kim, M.-O.; Geschwind, M.D. Clinical neurology and epide-miology of the major neurodegenerative diseases.
Cold Spring Harb. Perspect. Biol. 2018, 10, a033118. [CrossRef] [PubMed]
5. Alzheimer’s Association. 2022 Alzheimer’s Disease Facts and Figures. Alzheimers Dement. 2022, 18, 700-789. [CrossRef]
6. Javaid, S.F; Giebel, C.; Khan, M.A.; Hashim, M.]. Epidemiology of Alzheimer’s disease and other dementias: Rising global
burden and forecasted trends. F1000Research 2021, 10, 425. [CrossRef]
7. Tiwari, S.; Atluri, V,; Kaushik, A.; Yndart, A.; Nair, M. Alzheimer’s disease: Pathogenesis, diagnostics, and therapeutics. Int. J.
Nanomed. 2019, 14, 5541-5554. [CrossRef]
8.  De-Paula, VJ.; Radanovic, M.; Diniz, B.S.; Forlenza, O.V. Alzheimer’s disease. Subcell. Biochem. 2012, 65, 329-352. [CrossRef]
9. Ma, C,;Hong, F; Yang, S. Amyloidosis in Alzheimer’s Disease: Pathogeny, Etiology, and Related Therapeutic Directions. Molecules
2022, 27,1210. [CrossRef]
10. Hardy, J.A.; Higgins, G.A. Alzheimer’s disease: The amyloid cascade hypothesis. Science 1992, 256, 184-185. [CrossRef]


https://doi.org/10.1007/s40120-022-00338-8
https://www.ncbi.nlm.nih.gov/pubmed/35286590
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.14283/jpad.2021.15
https://www.ncbi.nlm.nih.gov/pubmed/34101789
https://doi.org/10.1101/cshperspect.a033118
https://www.ncbi.nlm.nih.gov/pubmed/28716886
https://doi.org/10.1002/alz.12638
https://doi.org/10.12688/f1000research.50786.1
https://doi.org/10.2147/IJN.S200490
https://doi.org/10.1007/978-94-007-5416-4_14
https://doi.org/10.3390/molecules27041210
https://doi.org/10.1126/science.1566067

NeuroSci 2023, 4 327

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

Grundke-Igbal, L; Igbal, K.; Tung, Y.C.; Quinlan, M.; Wisniewski, H.M.; Binder, L.I. Abnormal phosphorylation of the microtubule-
associated protein tau (tau) in Alzheimer cytoskeletal pathology. Proc. Nal. Acad. Sci. USA 1986, 83, 4913-4917. [CrossRef]
Vergara, C.; Houben, S.; Suain, V,; Yilmaz, Z.; De Decker, R.; Vanden Dries, V.; Boom, A.; Mansour, S.; Leroy, K.; Ando, K,; et al.
Amyloid-f pathology enhances pathological fibrillary tau seeding induced by Alzheimer PHF in vivo. Acta Neuropathol. 2019,
137,397-412. [CrossRef] [PubMed]

O’Brien, R.J.; Wong, P.C. Amyloid precursor protein processing and Alzheimer’s disease. Annu. Rev. Neurosci. 2011, 34, 185-204.
[CrossRef]

Gomes, L.A.; Hipp, S.A ; Rijal Upadhaya, A.; Balakrishnan, K.; Ospitalieri, S.; Koper, M.].; Largo-Barrientos, P.; Uytterhoeven, V.;
Reichwald, ].; Rabe, S.; et al. Ap-induced acceleration of Alzheimer-related t-pathology spreading and its association with prion
protein. Acta Neuropathol. 2019, 138, 913-941. [CrossRef] [PubMed]

Bloom, G.S. Amyloid-f and tau: The trigger and bullet in Alzheimer disease pathogenesis. JAMA Neurol. 2014, 71, 505-508.
[CrossRef] [PubMed]

Lee, V.M.; Goedert, M.; Trojanowski, ].Q. Neurodegenerative tauopathies. Annu. Rev. Neurosci. 2001, 24, 1121-1159. [CrossRef]
[PubMed]

Ghoshal, N.; Garcia-Sierra, F.; Wuu, |.; Leurgans, S.; Bennett, D.A.; Berry, R.W.; Binder, L.I. Tau conformational changes correspond
to impairments of episodic memory in mild cognitive impairment and Alzheimer’s disease. Exp. Neurol. 2002, 17, 475-493.
[CrossRef] [PubMed]

Spires-Jones, T.L.; Stoothoff, W.H.; de Calignon, A.; Jones, P.B.; Hyman, B.T. Tau pathophysiology in neurodegeneration: A
tangled issue. Trends Neurosci. 2009, 32, 150-159. [CrossRef]

Kuchibhotla, K.V.; Wegmann, S.; Kopeikina, K.J.; Hawkes, J.; Rudinskiy, N.; Andermann, M.L.; Spires-Jones, T.L.; Bacskai, B.J.;
Hyman, B.T. Neurofibrillary tangle-bearing neurons are functionally integrated in cortical circuits in vivo. Proc. Natl. Acad. Sci.
USA 2014, 11, 510-514. [CrossRef]

Goedert, M. Tau protein and the neurofibrillary pathology of Alzheimer’s disease. Ann. N. Y. Acad. Sci. 1996, 777, 121-131.
[CrossRef]

Regen, F.; Hellmann-Regen, J.; Costantini, E.; Reale, M. Neuroinflammation and Alzheimer’s Disease: Implications for Microglial
Activation. Curr. Alzheimer Res. 2017, 14, 1140-1148. [CrossRef]

Heppner, EL.; Ransohoff, R.M.; Becher, B. Inmune attack: The role of inflammation in Alzheimer disease. Nat. Rev. Neurosci.
2015, 16, 358-372. [CrossRef] [PubMed]

Zhang, B.; Gaiteri, C.; Bodea, L.G.; Wang, Z.; McElwee, J.; Podtelezhnikov, A.A.; Zhang, C.; Xie, T.; Tran, L.; Dobrin, R.; et al.
Integrated systems approach identifies genetic nodes and networks in late-onset Alzheimer’s disease. Cell 2013, 153, 707-720.
[CrossRef] [PubMed]

Heneka, M.T; Carson, M.].; El Khoury, J.; Landreth, G.E.; Brosseron, F,; Feinstein, D.L.; Jacobs, A.H.; Wyss-Coray, T.; Vitorica, J.;
Ransohoff, R.M.; et al. Neuroinflammation in Alzheimer’s disease. Lancet Neurol. 2015, 14, 388-405. [CrossRef] [PubMed]
Kirstic, D.; Madhusudan, A.; Doehner, J.; Vogel, P.; Notter, T.; Imhof, C.; Manalastas, A.; Hilfiker, M.; Pfister, S.; Schwerdel, C.;
et al. Systemic immune challenges trigger and drive Alzheimer-like neuropathology in mice. J. Neuroinflammation 2012, 9, 151.
[CrossRef] [PubMed]

Antel, J. Multiple sclerosis-emerging concepts of disease pathogenesis. J. Neuroimmunol. 1999, 98, 45-48. [CrossRef] [PubMed]
Hohlfeld, R.; Meinl, E.; Weber, E,; Zipp, E; Schmidt, S.; Sotgiu, S.; Goebels, N.; Voltz, R.; Spuler, S.; Iglesias, A. The role of
autoimmune T lymphocytes in the pathogenesis of multiple sclerosi. Neurology 1995, 45, 33-38. [CrossRef]

Akiyama, H.; Barger, S.; Barnum, S.; Bradt, B.; Bauer, J.; Cole, G.M.; Cooper, N.R.; Eikelenboom, P.; Emmerling, M.; Fiebich, B.L.;
et al. Inflammation and Alzheimer’s disease. Neurobiol. Aging 2000, 21, 383-421. [CrossRef]

Streit, W.J. Microglia and Alzheimer’s disease pathogenesis. J. Neurosci. Res. 2004, 77, 1-8. [CrossRef]

Butovsky, O.; Kunis, G.; Koronyo-Hamaoui, M.; Schwartz, M. Selective ablation of bone marrow-derived dendritic cells increases
amyloid plaques in a mouse Alzheimer’s disease model. Eur. J. Neurosci. 2007, 26, 413—416. [CrossRef]

El Khoury, J.; Toft, M.; Hickman, S.E.; Means, T.K.; Terada, K.; Geula, C.; Luster, A.D. Ccr2 deficiency impairs microglial
accumulation and accelerates progression of Alzheimer-like disease. Nat. Med. 2007, 13, 432—438. [CrossRef]

Simard, A.R.; Soulet, D.; Gowing, G.; Julien, J.P; Rivest, S. Bone marrow-derived microglia play a critical role in restricting senile
plaque formation in Alzheimer’s disease. Neuron 2006, 49, 489-502. [CrossRef] [PubMed]

Fiala, M,; Liu, P.T.; Espinosa-Jeffrey, A.; Rosenthal, M.].; Bernard, G.; Ringman, ].M.; Sayre, ].; Zhang, L.; Zaghi, ].; Dejbakhsh, S.;
et al. Innate immunity and transcription of MGAT-III and Toll-like receptors in Alzheimer’s disease patients are improved by
bisdemethoxycurcumin. Proc. Natl. Acad. Sci. USA 2007, 104, 12849-12854. [CrossRef]

Fiala, M,; Lin, J.; Ringman, J.; Kermani-Arab, V.; Tsao, G.; Patel, A.; Lossinsky, A.S.; Graves, M.C.; Gustavson, A.; Sayre, J.; et al.
Ineffective phagocytosis of amyloid-beta by macrophages of Alzheimer’s disease patients. J. Alzheimers Dis. 2005, 7, 221-232;
discussion 255-262. [CrossRef]

Saresella, M.; Marventano, L.; Calabrese, E.; Piancone, F; Rainone, V.; Gatti, A.; Alberoni, M.; Nemni, R.; Clerici, M. A complex
proinflammatory role for peripheral monocytes in Alzheimer’s disease. J. Alzheimers Dis. 2014, 38, 403-413. [CrossRef] [PubMed]
Guo, H.; Zhao, Z.; Zhang, R.; Chen, P,; Zhang, X.; Cheng, F.; Gou, X. Monocytes in the Peripheral Clearance of Amyloid-f3 and
Alzheimer’s Disease. . Alzheimers Dis. 2019, 68, 1391-1400. [CrossRef] [PubMed]


https://doi.org/10.1073/pnas.83.13.4913
https://doi.org/10.1007/s00401-018-1953-5
https://www.ncbi.nlm.nih.gov/pubmed/30599077
https://doi.org/10.1146/annurev-neuro-061010-113613
https://doi.org/10.1007/s00401-019-02053-5
https://www.ncbi.nlm.nih.gov/pubmed/31414210
https://doi.org/10.1001/jamaneurol.2013.5847
https://www.ncbi.nlm.nih.gov/pubmed/24493463
https://doi.org/10.1146/annurev.neuro.24.1.1121
https://www.ncbi.nlm.nih.gov/pubmed/11520930
https://doi.org/10.1006/exnr.2002.8014
https://www.ncbi.nlm.nih.gov/pubmed/12429193
https://doi.org/10.1016/j.tins.2008.11.007
https://doi.org/10.1073/pnas.1318807111
https://doi.org/10.1111/j.1749-6632.1996.tb34410.x
https://doi.org/10.2174/1567205014666170203141717
https://doi.org/10.1038/nrn3880
https://www.ncbi.nlm.nih.gov/pubmed/25991443
https://doi.org/10.1016/j.cell.2013.03.030
https://www.ncbi.nlm.nih.gov/pubmed/23622250
https://doi.org/10.1016/S1474-4422(15)70016-5
https://www.ncbi.nlm.nih.gov/pubmed/25792098
https://doi.org/10.1186/1742-2094-9-151
https://www.ncbi.nlm.nih.gov/pubmed/22747753
https://doi.org/10.1016/S0165-5728(99)00080-6
https://www.ncbi.nlm.nih.gov/pubmed/10426361
https://doi.org/10.1212/WNL.45.6_Suppl_6.S33
https://doi.org/10.1016/S0197-4580(00)00124-X
https://doi.org/10.1002/jnr.20093
https://doi.org/10.1111/j.1460-9568.2007.05652.x
https://doi.org/10.1038/nm1555
https://doi.org/10.1016/j.neuron.2006.01.022
https://www.ncbi.nlm.nih.gov/pubmed/16476660
https://doi.org/10.1073/pnas.0701267104
https://doi.org/10.3233/JAD-2005-7304
https://doi.org/10.3233/JAD-131160
https://www.ncbi.nlm.nih.gov/pubmed/23979026
https://doi.org/10.3233/JAD-181177
https://www.ncbi.nlm.nih.gov/pubmed/30958361

NeuroSci 2023, 4 328

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Zuroff, L.; Daley, D.; Black, K.L.; Koronyo-Hamaoui, M. Clearance of cerebral A in Alzheimer’s disease: Reassessing the role of
microglia and monocytes. Cell. Mol. Life Sci. 2017, 74, 2167-2201. [CrossRef] [PubMed]

Sun, H.L.; Zhou, EY.; Chen, D.W,; Tan, C.R; Zeng, G.H.; Liu, YH.; Wang, J.; Bu, X.L.; Wang, Y.J.; Li, H.Y,; et al. The Correlation of
Tau Levels with Blood Monocyte Count in Patients with Alzheimer’s Disease. Alzheimers Dis. 2022, 85, 1321-1328. [CrossRef]
[PubMed]

McKhann, G.; Drachman, D.; Folstein, M.; Katzman, R.; Price, D.; Stadlan, E.M. Clinical diagnosis of Alzheimer’s disease:
Report of the NINCDS-ADRDA Work Group under the auspices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984, 34, 939-944. [CrossRef]

Petersen, R.C.; Smith, G.E.; Waring, S.C.; Ivnik, R.J.; Tangalos, E.G.; Kokmen, E. Mild cognitive impairment: Clinical characteriza-
tion and outcome. Arch. Neurol. 1999, 56, 303-308. [CrossRef]

Nasreddine, Z.S.; Phillips, N.A.; Bédirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 2005, 67,
695-699. [CrossRef]

Folstein, M.E,; Folstein, S.E.; McHugh, PR. “Mini-mental state”. A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr. Res. 1975, 12, 189-198. [CrossRef]

Bergeron, D.; Flynn, K.; Verret, L.; Poulin, S.; Bouchard, R.W.; Bocti, C.; Fiilop, T.; Lacombe, G.; Gauthier, S.; Nasreddine, Z.; et al.
Multicenter Validation of an MMSE-MoCA Conversion Table. J. Am. Geriatr. Soc. 2017, 65, 1067-1072. [CrossRef] [PubMed]
Pinto, T.C.C.; Machado, L.; Bulgacov, T.M.; Rodrigues-Junior, A.L.; Costa, M.L.G.; Ximenes, R.C.C.; Sougey, E.B. Is the Montreal
Cognitive Assessment (MoCA) screening superior to the Mini-Mental State Examination (MMSE) in the detection of mild
cognitive impairment (MCI) and Alzheimer’s Disease (AD) in the elderly? Int. Psychogeriatr. 2019, 31, 491-504. [CrossRef]
[PubMed]

Kang, ].M.; Cho, Y.S.; Park, S.; Lee, B.H.; Sohn, B.K.; Choi, C.H.; Choi, ].S.; Jeong, H.Y.; Cho, S.J.; Lee, ].H.; et al. Montreal cognitive
assessment reflects cognitive reserve. BVIC Geriatr. 2018, 18, 261. [CrossRef] [PubMed]

McKhann, G.M.; Knopman, D.S.; Chertkow, H.; Hyman, B.T; Jack, C.R., Jr.; Kawas, C.H.; Klunk, W.E.; Koroshetz, W.J.; Manly,
J.J.; Mayeux, R.; et al. The diagnosis of dementia due to Alzheimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7,
263-269. [CrossRef] [PubMed]

Albert, M.S.; DeKosky, S.T.; Dickson, D.; Dubois, B.; Feldman, H.H.; Fox, N.C.; Gamst, A.; Holtzman, D.M.; Jagust, W.].; Petersen,
R.C; et al. The diagnosis of mild cognitive impairment due to Alzheimer’s disease: Recommendations from the National Institute
on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011, 7,
270-279. [CrossRef] [PubMed]

Hickman, S.E.; Allison, E.K.; El Khoury, J. Microglial dysfunction and defective beta-amyloid clearance pathways in aging
Alzheimer’s disease mice. J. Neurosci. 2008, 28, 8354-8360. [CrossRef] [PubMed]

Lopez-Gonzalez, 1.; Schliiter, A.; Aso, E.; Garcia-Esparcia, P.; Ansoleaga, B.; LLorens, F.; Carmona, M.; Moreno, J.; Fuso, A,;
Portero-Otin, M.; et al. Neuroinflammatory signals in Alzheimer disease and APP/PS1 transgenic mice: Correlations with
plaques, tangles, and oligomeric species. |. Neuropathol. Exp. Neurol. 2015, 74, 319-344. [CrossRef]

Guerreiro, R.; Wojtas, A.; Bras, J.; Carrasquillo, M.; Rogaeva, E.; Majounie, E.; Cruchaga, C.; Sassi, C.; Kauwe, ].S.; Younkin, S.;
et al. TREM2 variants in Alzheimer’s disease. N. Engl. ]. Med. 2013, 368, 117-127. [CrossRef]

Jonsson, T.; Stefansson, H.; Steinberg, S.; Jonsdottir, L; Jonsson, P.V.; Snaedal, J.; Bjornsson, S.; Huttenlocher, J.; Levey, A.L; Lah, J.J.;
et al. Variant of TREM2 associated with the risk of Alzheimer’s disease. N. Engl. J. Med. 2013, 368, 107-116. [CrossRef]
Bradshaw, E.M.; Chibnik, L.B.; Keenan, B.T.; Ottoboni, L.; Raj, T.; Tang, A.; Rosenkrantz, L.L.; Imboywa, S.; Lee, M.; Von Korff,
A.; et al. CD33 Alzheimer’s disease locus: Altered monocyte function and amyloid biology. Nat. Neurosci. 2013, 16, 848-850.
[CrossRef]

Griciuc, A,; Serrano-Pozo, A.; Parrado, A.R.; Lesinski, A.N.; Asselin, C.N.; Mullin, K.; Hooli, B.; Choi, S.H.; Hyman, B.T.; Tanzi,
R.E. Alzheimer’s disease risk gene CD33 inhibits microglial uptake of amyloid beta. Neuron 2013, 78, 631-643. [CrossRef]
[PubMed]

Naj, A.C,; Jun, G.; Beecham, G.W.; Wang, L.S.; Vardarajan, B.N.; Buros, J.; Gallins, PJ.; Buxbaum, J.D.; Jarvik, G.P,; Crane, PK,;
et al. Common variants at MS4A4/MS4A6E, CD2AP, CD33 and EPHA1 are associated with late-onset Alzheimer’s disease. Nat.
Genet. 2011, 43, 436—441. [CrossRef] [PubMed]

Hollingworth, P.; Harold, D.; Sims, R.; Gerrish, A.; Lambert, ].C.; Carrasquillo, M.M.; Abraham, R.; Hamshere, M.L.; Pahwa, J.S.;
Moskvina, V.; et al. Common variants at ABCA7, MS4A6A /MS4A4E, EPHA1, CD33 and CD2AP are associated with Alzheimer’s
disease. Nat. Genet. 2011, 43, 429-435. [CrossRef]

Koronyo-Hamaoui, M.; Ko, M.K.; Koronyo, Y.; Azoulay, D.; Seksenyan, A.; Kunis, G.; Pham, M.; Bakhsheshian, J.; Rogeri, P;
Black, K.L.; et al. Attenuation of AD-like neuropathology by harnessing peripheral immune cells: Local elevation of IL-10 and
MMP-9. |. Neurochem 2009, 111, 1409-1424. [CrossRef] [PubMed]

Koronyo, Y.; Salumbides, B.C.; Sheyn, ].; Pelissier, L.; Li, S.; Ljubimov, V.; Moyseyev, M.; Daley, D.; Fuchs, D.T.; Pham, M.; et al.
Therapeutic effects of glatiramer acetate and grafted CD115" monocytes in a mouse model of Alzheimer’s disease. Brain 2015,
138, 2399-2422. [CrossRef]


https://doi.org/10.1007/s00018-017-2463-7
https://www.ncbi.nlm.nih.gov/pubmed/28197669
https://doi.org/10.3233/JAD-210692
https://www.ncbi.nlm.nih.gov/pubmed/34924377
https://doi.org/10.1212/WNL.34.7.939
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1111/jgs.14779
https://www.ncbi.nlm.nih.gov/pubmed/28205215
https://doi.org/10.1017/S1041610218001370
https://www.ncbi.nlm.nih.gov/pubmed/30426911
https://doi.org/10.1186/s12877-018-0951-8
https://www.ncbi.nlm.nih.gov/pubmed/30376815
https://doi.org/10.1016/j.jalz.2011.03.005
https://www.ncbi.nlm.nih.gov/pubmed/21514250
https://doi.org/10.1016/j.jalz.2011.03.008
https://www.ncbi.nlm.nih.gov/pubmed/21514249
https://doi.org/10.1523/JNEUROSCI.0616-08.2008
https://www.ncbi.nlm.nih.gov/pubmed/18701698
https://doi.org/10.1097/NEN.0000000000000176
https://doi.org/10.1056/NEJMoa1211851
https://doi.org/10.1056/NEJMoa1211103
https://doi.org/10.1038/nn.3435
https://doi.org/10.1016/j.neuron.2013.04.014
https://www.ncbi.nlm.nih.gov/pubmed/23623698
https://doi.org/10.1038/ng.801
https://www.ncbi.nlm.nih.gov/pubmed/21460841
https://doi.org/10.1038/ng.803
https://doi.org/10.1111/j.1471-4159.2009.06402.x
https://www.ncbi.nlm.nih.gov/pubmed/19780903
https://doi.org/10.1093/brain/awv150

NeuroSci 2023, 4 329

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Majerova, P; Zilkova, M.; Kazmerova, Z.; Kovac, A.; Paholikova, K.; Kovacech, B.; Zilka, N.; Novak, M. Microglia display modest
phagocytic capacity for extracellular tau oligomers. J. Neuroinflammation 2014, 11, 161. [CrossRef]

Prinz, M.; Priller, J.; Sisodia, S.S.; Ransohoff, R.M. Heterogeneity of CNS myeloid cells and their roles in neurodegeneration. Nat.
Neurosci. 2011, 14, 1227-1235. [CrossRef]

Vogels, T.; Murgoci, A.N.; Hromadka, T. Intersection of pathological tau and microglia at the synapse. Acta Neuropathol. Commun.
2019, 7, 109. [CrossRef]

Tang, M.; Harrison, J.; Deaton, C.A.; Johnson, G.V.W. Tau Clearance Mechanisms. Adv. Exp. Med. Biol. 2019, 1184, 57-68.
[CrossRef]

Guedes, J.R.; Lao, T.; Cardoso, A.L.; El Khoury, J. Roles of Microglial and Monocyte Chemokines and Their Receptors in Regulating
Alzheimer’s Disease-Associated Amyloid-p and Tau Pathologies. Front. Neurol. 2018, 9, 549. [CrossRef]

Xin, S.H.; Tan, L.; Cao, X.; Yu, ].T; Tan, L. Clearance of Amyloid Beta and Tau in Alzheimer’s Disease: From Mechanisms to
Therapy. Neurotox. Res. 2018, 34, 733-748. [CrossRef] [PubMed]

Guedes, J.R.; Santana, I.; Cunha, C.; Duro, D.; Almeida, M.R.; Cardoso, A.M.; de Lima, M.C.; Cardoso, A.L. MicroRNA
deregulation and chemotaxis and phagocytosis impairment in Alzheimer’s disease. Alzheimers Dement. 2015, 3, 7-17. [CrossRef]
[PubMed]

Gyoneva, S.; Kim, D.; Katsumoto, A.; Kokiko-Cochran, O.N.; Lamb, B.T.; Ransohoff, R.M. Ccr2 deletion dissociates cavity size
and tau pathology after mild traumatic brain injury. J. Neuroinflammation 2015, 12, 228. [CrossRef] [PubMed]

Lee, S.; Varvel, N.H.; Konerth, M.E.; Xu, G.; Cardona, A.E.; Ransohoff, R M.; Lamb, B.T. CX3CR1 deficiency alters microglial
activation and reduces beta-amyloid deposition in two Alzheimer’s disease mouse models. Am. |. Pathol. 2010, 177, 2549-2562.
[CrossRef] [PubMed]

Nash, K.R.; Lee, D.C.; Hunt, J.B,, Jr.; Morganti, ].M.; Selenica, M.L.; Moran, P.; Reid, P.; Brownlow, M.; Guang-Yu Yang, C.;
Savalia, M.; et al. Fractalkine overexpression suppresses tau pathology in a mouse model of tauopathy. Neurobiol. Aging 2013, 34,
1540-1548. [CrossRef]

Fuhrmann, M.; Bittner, T.; Jung, C.K; Burgold, S.; Page, R M.; Mitteregger, G.; Haass, C.; LaFerla, EM.; Kretzschmar, H.; Herms, J.
Microglial Cx3crl knockout prevents neuron loss in a mouse model of Alzheimer’s disease. Nat. Neurosci. 2010, 13, 411-413.
[CrossRef]

Bolés, M.; Llorens-Martin, M.; Perea, ].R.; Jurado-Arjona, ].; Rdbano, A.; Hernandez, F; Avila, ]. Absence of CX3CR1 impairs the
internalization of Tau by microglia. Mol. Neurodegener. 2017, 12, 59. [CrossRef]

Liu, Z.; Condello, C.; Schain, A.; Harb, R.; Grutzendler, J. CX3CR1 in microglia regulates brain amyloid deposition through
selective protofibrillar amyloid-f3 phagocytosis. J. Neurosci. 2010, 30, 17091-17101. [CrossRef]

Bhaskar, K.; Konerth, M.; Kokiko-Cochran, O.N.; Cardona, A.; Ransohoff, R.M.; Lamb, B.T. Regulation of tau pathology by the
microglial fractalkine receptor. Neuron 2010, 68, 19-31. [CrossRef]

Wang, J.; Jin, W.S.; Bu, X.L.; Zeng, F.; Huang, Z.L.; Li, WW.; Shen, L.L.; Zhuang, Z.Q.; Fang, Y.; Sun, B.L.; et al. Physiological
clearance of tau in the periphery and its therapeutic potential for tauopathies. Acta Neuropathol. 2018, 136, 525-536. [CrossRef]
Bianca, V.D.; Dusi, S.; Bianchini, E.; Dal Pra, I.; Rossi, F. beta-amyloid activates the O-2 forming NADPH oxidase in microglia,
monocytes, and neutrophils. A possible inflammatory mechanism of neuronal damage in Alzheimer’s disease. . Biol. Chem.
1999, 274, 15493-15499. [CrossRef]

El Khoury, J.; Hickman, S.E.; Thomas, C.A.; Cao, L.; Silverstein, 5.C.; Loike, ]J.D. Scavenger receptor-mediated adhesion of
microglia to beta-amyloid fibrils. Nature 1996, 382, 716-719. [CrossRef]

Gold, M.; El Khoury, J. f-amyloid, microglia, and the inflammasome in Alzheimer’s disease. Semin. Immunopathol. 2015, 37,
607-611. [CrossRef]

Stefani, A.; Martorana, A.; Bernardini, S.; Panella, M.; Mercati, E.; Orlacchio, A.; Pierantozzi, M. CSF markers in Alzheimer disease
patients are not related to the different degree of cognitive impairment. J. Neurol. Sci. 2006, 251, 124-128. [CrossRef]

Kester, M.I,; van der Vlies, A.E.; Blankenstein, M.A.; Pijnenburg, Y.A.; van EIk, EJ.; Scheltens, P.; van der Flier, W.M. CSF
biomarkers predict rate of cognitive decline in Alzheimer disease. Neurology 2009, 73, 1353-1358. [CrossRef] [PubMed]
Samgard, K.; Zetterberg, H.; Blennow, K.; Hansson, O.; Minthon, L.; Londos, E. Cerebrospinal fluid total tau as a marker of
Alzheimer’s disease intensity. Int. J. Geriatr. Psychiatry 2010, 25, 403—-410. [CrossRef] [PubMed]

van der Vlies, A.E.; Verwey, N.A.; Bouwman, F.H.; Blankenstein, M.A.; Klein, M.; Scheltens, P.; van der Flier, W.M. CSF biomarkers
in relationship to cognitive profiles in Alzheimer disease. Neurology 2009, 72, 1056-1061. [CrossRef] [PubMed]

Maccioni, R.B.; Lavados, M.; Guillén, M.; Mujica, C.; Bosch, R.; Farias, G.; Fuentes, P. Anomalously phosphorylated tau and
Abeta fragments in the CSF correlates with cognitive impairment in MCI subjects. Neurobiol. Aging 2006, 27, 237-244. [CrossRef]
[PubMed]

Ferretti, M.T.; Iulita, M.E,; Cavedo, E.; Chiesa, P.A.; Schumacher Dimech, A.; Santuccione Chadha, A.; Baracchi, E; Girouard, H.;
Misoch, S.; Giacobini, E.; et al. Sex differences in Alzheimer disease-the gateway to precision medicine. Nat. Rev. Neurol. 2018, 14,
457-469. [CrossRef]

Hua, X.; Hibar, D.P; Lee, S.; Toga, A.W.; Jack, C.R,, Jr.; Weiner, M.W.; Thompson, PM. Alzheimer’s Disease Neuroimaging
Initiative. Sex and age differences in atrophic rates: An ADNI study with n=1368 MRI scans. Neurobiol. Aging 2010, 31, 1463-1480.
[CrossRef]


https://doi.org/10.1186/s12974-014-0161-z
https://doi.org/10.1038/nn.2923
https://doi.org/10.1186/s40478-019-0754-y
https://doi.org/10.1007/978-981-32-9358-8_5
https://doi.org/10.3389/fneur.2018.00549
https://doi.org/10.1007/s12640-018-9895-1
https://www.ncbi.nlm.nih.gov/pubmed/29626319
https://doi.org/10.1016/j.dadm.2015.11.004
https://www.ncbi.nlm.nih.gov/pubmed/27239545
https://doi.org/10.1186/s12974-015-0443-0
https://www.ncbi.nlm.nih.gov/pubmed/26634348
https://doi.org/10.2353/ajpath.2010.100265
https://www.ncbi.nlm.nih.gov/pubmed/20864679
https://doi.org/10.1016/j.neurobiolaging.2012.12.011
https://doi.org/10.1038/nn.2511
https://doi.org/10.1186/s13024-017-0200-1
https://doi.org/10.1523/JNEUROSCI.4403-10.2010
https://doi.org/10.1016/j.neuron.2010.08.023
https://doi.org/10.1007/s00401-018-1891-2
https://doi.org/10.1074/jbc.274.22.15493
https://doi.org/10.1038/382716a0
https://doi.org/10.1007/s00281-015-0518-0
https://doi.org/10.1016/j.jns.2006.09.014
https://doi.org/10.1212/WNL.0b013e3181bd8271
https://www.ncbi.nlm.nih.gov/pubmed/19858456
https://doi.org/10.1002/gps.2353
https://www.ncbi.nlm.nih.gov/pubmed/19650161
https://doi.org/10.1212/01.wnl.0000345014.48839.71
https://www.ncbi.nlm.nih.gov/pubmed/19307538
https://doi.org/10.1016/j.neurobiolaging.2005.01.011
https://www.ncbi.nlm.nih.gov/pubmed/16399209
https://doi.org/10.1038/s41582-018-0032-9
https://doi.org/10.1016/j.neurobiolaging.2010.04.033

NeuroSci 2023, 4 330

83.

84.

85.

86.

87.

Zhu, D.; Montagne, A.; Zhao, Z. Alzheimer’s pathogenic mechanisms and underlying sex difference. Cell. Mol. Life Sci. 2021, 78,
4907-4920. [CrossRef] [PubMed]

Kodama, L.; Guzman, E.; Etchegaray, J.I.; Li, Y,; Sayed, FA.; Zhou, L.; Zhou, Y.; Zhan, L.; Le, D.; Udeochu, J.C.; et al. Microglial
microRNAs mediate sex-specific responses to tau pathology. Nat. Neurosci. 2020, 23, 167-171. [CrossRef] [PubMed]

Sayed, FA.; Kodama, L.; Fan, L.; Carling, G.K.; Udeochu, ].C; Le, D.; Li, Q.; Zhou, L.; Wong, M.Y.; Horowitz, R.; et al. AD-linked
R47H-TREM2 mutation induces disease-enhancing microglial states via AKT hyperactivation. Sci. Transl. Med. 2021, 13, eabe3947.
[CrossRef] [PubMed]

Patel, A.A; Yona, S. Inherited and Environmental Factors Influence Human Monocyte Heterogeneity. Front. Immunol. 2019,
10, 2581. [CrossRef]

Wu, KM,; Zhang, Y.R.; Huang, Y.Y,; Dong, Q.; Tan, L.; Yu, ].T. The role of the immune system in Alzheimer’s disease. Ageing Res.
Rev. 2021, 70, 101409. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00018-021-03830-w
https://www.ncbi.nlm.nih.gov/pubmed/33844047
https://doi.org/10.1038/s41593-019-0560-7
https://www.ncbi.nlm.nih.gov/pubmed/31873194
https://doi.org/10.1126/scitranslmed.abe3947
https://www.ncbi.nlm.nih.gov/pubmed/34851693
https://doi.org/10.3389/fimmu.2019.02581
https://doi.org/10.1016/j.arr.2021.101409

	Introduction 
	Materials and Methods 
	Subjects 
	Statistical Analyses 

	Results 
	Description of the Data 
	Bivariate Analysis 

	Discussion 
	Future Perspectives 
	References

