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Abstract: (1) Background/Objectives: The pathogenic process of Alzheimer’s disease (AD)
is known to begin decades before its clinical onset. This period, although imperceptible
to the patient, encompasses a gradual neuronal loss. The first symptoms of dementia,
often classified as mild cognitive impairment (MCI), in many cases converts into incipient
AD, but can also remain stable or even reverse to cognitive norm. An easy and fast
blood-based method of identifying patients at risk of conversion to AD would allow
for the application of disease-altering therapies. This preliminary study focuses on the
identification and assessment of the relationship between plasma amyloid beta (Af3) and
cognitive performance in older Polish adults with respect to its adequacy as a biomarker of
an early cognitive deterioration. (2) Methods: The preliminary research sample consisted of
230 participants, 109 females and 121 males, aged 65 plus. The association between plasma
Ap concentrations with cognitive status, gender, and age were assessed. The analyses were
conducted in three categories of cognitive performance: cognitive norm, mild cognitive
impairment, and mild dementia, based on results of the Mini-Mental State Examination
(MMSE) and functional tests. (3) Results: No significant differences in plasma Af{ levels for
different cognitive statuses were identified. No significant differences were found in A(3
levels based on age or gender. (4) Conclusions: In order to thoroughly explore the power of
research on plasma A with respect to early cognitive deterioration, further prospective
studies are required.

Keywords: Alzheimer’s disease; cognition; dementia; MCI; neurodegeneration; plasma;
amyloid beta plaques and fibrils

1. Introduction

Neurodegenerative disorders, such as Alzheimer’s disease and other dementias, con-
stitute the main reason for disability and dependency in the elderly, significantly lowering
the quality of life of older people. Due to rapid population aging, these disorders impose a
growing burden upon patients, their families, and communities. Estimation of the world-
wide prevalence of dementia in 2019 was 57 million people, with prognosed increase to
153 million by 2050 [1].

Macroeconomic implications of Alzheimer’s disease and other dementias are severe.
They are projected to cost the world economy 14,513 billion international dollars, equivalent
to 0-421% of annual global GDP [2].
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Subsequent to the discovery of the first detection techniques of dementia biomarkers,
there has been an increased scientific interest, driving research focus in this area. Today,
the basic established Alzheimer’s disease (AD) biomarkers, A-binding ligands used in
positron emission tomography (PET), A342, total-tau (ttau), and phosphor-tau (ptau) in
cerebrospinal fluid (CSF) [3], reflect several key pathophysiological characteristics of the
condition, and convey diagnostically appropriate data, including concerning its preclinical
phase. In spite of the undeniable usefulness of these markers, the fact that they are either
invasive or time-consuming and expensive to identify poses substantial limitations to
their application [4]. Therefore, the last 20 years has witnessed a significant number of
studies towards the discovery of biomarkers in peripheral blood. Their identification is
associated with increased time- and cost-efficiency, reduced invasiveness, and increased
patient acceptance, leading to ease of implementation with large populations [5,6], and
they meet many of the requirements set for an ‘ideal’ biomarker. Also, with multiple
potential contexts for their application, including clinical trials, primary care screening,
diagnostics, predictive risk, disease monitoring, and therapy response tracking [7], they
could revolutionize dementia diagnosis and treatment [8]. Even though AD currently
remains incurable, there is little doubt that a minimally invasive blood-based biomarker for
screening in the preclinical phase would represent an essential element of future therapeutic
approaches. At the minimum, it could commence a tiered diagnostic course [6,9,10].
Consequently, there has been a vast scientific interest in the development and validation of
peripheral blood biomarkers [5,9,11,12]. However, despite the enormous expansion of this
area, the field has been impaired by both reproducibility and reliability issues, as well as
lack of a clear path for shifting basic discovery to clinical application. Nevertheless, several
candidate biomarkers have demonstrated potential for clinical utilization in AD, and/or
promise for future implementation [8]. Amyloid-f3 is amongst those biomarker candidates.

Ap is formed by proteolytic split of amyloid precursor protein (APP), generated
through sequential processing by (- and y-secretases, and secreted to CSF. Amyloid beta
encompasses proteins composed of 36—43 amino-acids, being a main constituent of amyloid
plagues, and an original AD pathogenesis factor according to the amyloid cascade hypoth-
esis. The basic function of A is not known [13]. There is data suggesting that a lack of
this protein does not lead to loss of any biological functions, although some potential tasks
of A3 assume kinase enzyme activation [14], antioxidative function [15], or cholesterol
transport regulation [16]. Latest findings indicate that A3 can play a role in fighting certain
diseases, attacking pathogenes in mice and worms [17]. Two primary pathological isoforms
of A exist: AB40 and A[342, identified by their amino acid length. The most toxic form,
dominant in brain accretion, is the 42- acid isoform. It is characterized by an amplified
ability to form oligomers and fibrils—the major component of amyloid plaques—than its
shorter counterpart [18]. Intracellular concentration of certain divalent cations can also
promote fibril formation [19] and subsequent onset of Alzheimer’s malignancies.

Since A penetrates the blood-brain barrier, any levels detected in circulation derive
both from the brain and the periphery. As regards Af and its tissue reactions, blood
detection means have largely involved the use of the enzyme-linked immunosorbent assay
(ELISA), which was also utilized in this study. Improvements in the sensitivity of the ELISA
for both Af340 and A342 have allowed for the measurement and quantitative analysis of
Ap in human blood [20]. A42 seems to be a logical candidate for a plasma biomarker
that could enable identification of patients susceptible to developing AD. However, until
now, research has brought conflicting results regarding its usability. In general, studies on
plasma AP42 as a biomarker reflecting brain amyloid pathology have demonstrated some
disappointment due to no or scarce alterations and broad overlaps in both AR42 and A {340
concentrations between patients and controls [21]. Recent research suggests that conflicting
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results may also be an effect of the A3 expression by cells in peripheral tissues, such as
platelets [22], skin fibroblasts [23], or skeletal muscles [24], which boost the total A3 blood
concentration. Therefore, available findings have not yet allowed the use of this method
for a differentiating diagnosis [25], and have highlighted the need for further research
efforts in this field. It has lately been suggested that a hypersensitive single molecule array
(SIMOA) might enable more accurate detection of Af in plasma. Also, the development of
fluorescent tools (such as a multichannel fluorescent sensor array) as alternative sensing
techniques [26] may contribute to future advances in this area.

2. Material and Methods

The preliminary study was conducted on inpatients of the Clinic of Geriatrics of
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun, Poland. The
study followed the adequate institutional and governmental regulations regarding the
ethical use of human volunteers and the tenets of the 1975 Helsinki Declaration. The
institutional review board approved the study protocol (no KB 505/2014) and all the
recruited patients expressed their written informed consent.

2.1. Material

The sample was composed of 230 Non-Hispanic White inpatients—109 females and
121 males aged 65 and over at sampling (Table 1). The exclusion criteria are listed below:
(1) use of statins, (2) Geriatric Depression Scale result > 5 pt., (3) moderate to severe
dementia, (4) brain stroke, (5) acute health condition, (6) other pathological states that
might substantially alter cognitive status. Tests were performed in three categories of
cognitive functioning: cognitive norm (regarded as controls), mild cognitive impairment,
and mild dementia, based on the results of the Mini-Mental State Examination (MMSE)
and functional tests (ADL, IADL). The cognitive norm (control) group was composed of
71 patients (33 females and 38 males; average age 77.8); the MCI group was composed of
85 subjects (43 females and 42 males; average age 78.8); the mild dementia category was
composed of 74 participants (33 females and 41 males; average age 80.7). The groups were
age and gender matched.

Table 1. Demographic Characteristics of the Population.

Cognitive Status Cognitive Norm MCI Mild Dementia Total
Age F M T F M T F M T F M T
6674 13 13 26 17 14 31 7 13 20 37 40 77
75-85 12 15 27 11 15 26 12 14 26 35 44 79
85+ 8 10 18 15 13 28 14 14 28 37 37 74
Total 33 38 71 43 42 85 33 41 74 109 121 230

Sample characteristics (F—female, M—male, T—total).

2.2. Biochemical Analysis

Blood samples were collected by vacuum venipuncture. Heparin plasma was stored
at —80 °C in the Department of Geriatrics Collegium Medicum in Bydgoszcz, Poland. A3
plasma levels were assayed with ELISA immunoenzyme assay (sensitivity: <2.63 pg/mL).
Prior to assaying, the samples were kept in room temperature (18-25 degrees Celsius).

2.3. Socioclinical Analysis

The evaluation consisted of the chosen parameters (age, gender, socioeconomic status,
health status, lifestyle factors) and test results: Geriatric Depression Scale (GDS) [27], Activ-
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ities of Daily Living (ADL) [28], and Instrumental Activities of Daily Living (IADL) [29].
Cognitive status was determined using the MMSE [30]. The total score of MMSE is
30 points; a score of 30-28 points was regarded as cognitive norm, 27-24 points as MCI,
and 23-20 points as mild dementia. The test was administered by trained nurses.

2.4. Statistical Analysis

Statistica 10.0. (StatSoft Inc., Tulsa, OK, USA, 2016), R 3.3.0 statistical packet
(R Core Team, 2016), and RStudio 1.0 environment (RStudio Team, 2016) were utilized.
Not-normally distributed data are shown as median with first and third quartile, and
was analyzed with the Mann-Whitney U test or the Kruskal-Wallis test, as applicable.
p-value < 0.05 was considered to mark statistical significance.

3. Results
3.1. Socioclinical Analysis

The sample was comparable with regards to social, economic, lifestyle, and health char-
acteristics that might substantially alter cognitive status and increase the risk of developing
dementia (i.e., poor education, smoking, obesity, depression, physical inactivity, excessive
alcohol intake, and social isolation) [31,32]. In general, the sample was poorly educated
(78% of patients had primary to vocational education level), had physical/agricultural
employment history (97% with employment history, mainly [71%] as laborers or farmers),
and were in declaratively good financial situations (76% described as such). Most (95%)
had children. Seventy-six percent declared performing physical activity within the last year,
whereas recent involvement in exercise or rehabilitation was reported by 13%. Fourteen
percent declared sport activities in the past. The vast majority (89%) reported the ability
to climb one floor, while a minority (13%) believed they were able to swim 10 m. Of the
patients, 18% had a legal disability title; 87% had normal thyroid function, with subclinical
thyroid disease in 13%. Seventy-three percent reported no vision problems. Of the group,
95% reported no treatment for depression. Alcohol use of a few servings/year was reported
by 84%. Of the respondents, 97% were independent in basic ADLs, which is consistent
with early cognitive decline status.

3.2. AB42 Plasma Levels

No statistically significant differences in A342 plasma concentrations between the
groups were shown (Table 2, Figure 1). No statistically significant differences were iden-
tified in AB42 concentrations with respect to gender (Table 3). Similarly, no statistically
significant differences were identified in A342 concentrations with respect to age.

Table 2. Plasma A(342 and cognitive status (median [1 quartile-3 quartile]).

Cognitive Status

Mild ANOVA K-W
Norm MCI Dementia p Level
Amyloid-p 42 62.8 735 >1.6 0.198

[32.8-102.4] [42.4-104.5] [21.2-92.6]
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Figure 1. Plasma A342 and cognitive status.

Table 3. Plasma Af342 and gender (median [1 quartile-3 quartile]).

Gender UM-W
p Level

Female Male
Amyloid-f3 42 62.1 [29.0-93.7] 62.8 [31.8-104.0] 0.862

4. Discussion

This preliminary study focuses on identification and assessment of the relationship be-
tween plasma A(342 and cognitive status in older Polish adults with respect to its adequacy
as a biomarker of an early cognitive deterioration.

No significant differences in plasma A(42 levels between the cognitive status cate-
gories were identified. A few hypotheses can account for the high range of observed data
variability. A study on factors associated with fluid biomarker levels in a large clinical
cohort with subjective cognitive complaints or MCI found certain variables to account for
this effect, i.e., inflammatory markers, behavioral risk factors, treatments, comorbidities,
and sample handling. However, a large proportion (54-92%) of the variance remained un-
explained. This may be due to the fact that these peptides are also produced by peripheral
organs, and the source cannot be identified [33].

Our findings support the results showing lack of significant differences in plasma
AB42 levels in cognitive norm subjects compared to subjects with sporadic AD [34-37], as
well as the latest longitudinal studies reporting no differences in plasma concentrations
of free AB42 between subjects with preclinical AD and normal cognition [38]. Recent
meta-analyses also generally conclude that plasma concentrations of Af342 or Af340 in
patients and controls remain the same. If altered, so that higher concentrations are reported
for AD, there is a significant overlap between the groups [39].

Concerning AD risk prediction in individuals without cognitive impairment, several
studies find that high plasma A342 levels, or a high AB42/A[40 ratio, indicate future
dementia, while others find the opposite [25,40,41]. Meta-analysis of studies concerning the
predictive value of plasma A(42 levels in regard with conversion from MCI to dementia,
encompassing 4 longitudinal studies conducted on 244 subjects [38,42,43] suggests that
only elevated levels of A340 show weak correlation with the conversion. No significant
relationships between concentrations of A342 or Ap42/A340 ratio, and the progression
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were identified [44]. There are, however, reports on baseline plasma A {342 concentrations
and A(342/AB40 ratio indicating this association, with the respective levels being signifi-
cantly lowered in patients who developed AD in comparison with cognitively stable MCI
individuals [45]. Conversely, findings on elevated A342 plasma levels in both familial
AD [34] and the preclinical phase of the disease [25] demonstrate that they decrease gradu-
ally with dementia progression and amyloid plaque formation [25,46]. In a Swedish study
analyzing both amyloid isoforms in a sample of 719 subjects, elevated plasma A3 concen-
trations were linked to white matter lesions, brain micro-bleedings, hypertension, diabetes,
and vascular diseases such as ischemic heart disease. However, they were significantly
lower in demented patients [47]. This suggests that observations of changes in plasma
Af42 dynamics could potentially enable the assessment of risk of dementia development.
However, the latest findings from longitudinal studies on over 300 elderly participants
contradict the above, reporting that plasma levels of free A40 and Ap42 did not alter
significantly between preclinical AD (on average 9.3 years prior to clinical diagnosis) and
cognitive norm. Respective levels did not help predict AD clinical progression, nor did they
change over the years prior to dementia diagnosis in this sample [48]. Findings from the
present preliminary study cannot be compared to the above; differences in study design,
scope, cohort (our study cohort was limited to elderly Polish individuals), methods, and
challenges in measuring Ap levels, and, finally, their biological variation, all contribute to
the discrepancies. The potential role of plasma Af3 levels as an early cognitive deterioration
marker requires further empirical verification through prospective studies with more com-
prehensive scope. In addition, both the effects of patient variables on biomarker alterations,
and the relationship between A{342 and clinical presentation, need to be investigated [8].
Our findings might, however, act as groundwork for further scientific exploration. Several
cohort studies using large samples of well characterized participants, such as the Australian
Imaging, Biomarker and Lifestyle (AIBL) Study and the Alzheimer’s Disease Neuroimag-
ing Initiative (ADNI), have already made considerable advances in this area, including
correlation with amyloid PET imaging and detailed clinical and laboratory follow-up. Most
investigators have measured AB40 as well as A[342, and also looked at the A{342/A[340
ratio as a possible predictor. Large panels of plasma biomarkers have also been studied.
Recently, neurofilament light (NfL) has been suggested as a candidate biomarker.

There are multiple challenges to measuring A3 levels. They vary with the time of
day and with fasting status. Moreover, A} has much lower levels in plasma than in
CSF [42,47]. Interestingly, the recent discovery of hypersensitive methods, namely SIMOA
and immunoprecipitation-mass spectrometry (IP-MS), might enable detection of slight A3
plasma level alterations in subjects with early cognitive decline. Precise quantitation of
plasma A (42 level to sub-picograms per millimeter was achieved with SIMOA [49]. It was
proven to quantitate A340 and Ap42 levels in blood plasma and CSF of 274 cognitively
normal, 174 subjective cognitive decline (SCD), 214 MCI, and 57 AD individuals [47].
Results showed lowered concentrations of Af42 in the plasma of AD patients as opposed
to the control group. In subjects with pathological CSF levels, A{342 plasma concentrations
lowered progressively in SCD, MCI, and AD, respectively compared to cognitive norm.
AD patients with pathological CSF signature were, however, the only group presenting
significant differences in plasma Ap42 from controls. This result implies a constrained
power of this biomarker for distinguishing early cognitive decline with CSF pathologies.
Plasma composite biomarker showed a strong relationship between plasma and CSF
concentrations amongst AD subjects, demonstrating an equivalent diagnostic power to CSF
ApP42 in determining Af concentrations [50]. Therefore, recent advances in measurement
techniques, such as IP-MS, may hopefully result in better utility [51-53].
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Currently, due to the inconsistency of the findings, it can be assumed that plasma Af3
does not reflect brain A turnover or metabolism [54] well enough to allow the prediction
of the disease progression [38]; therefore, it might not be a good candidate for an early
neurodegeneration biomarker. With the appearing hypersensitive assays, plasma A{3 has
the potential to become an appropriate biomarker in conjunction with other diagnostic
methods. The discrepancy of results of Af3 as a blood biomarker of neurodegeneration, as
well as the insignificant changes of A342 concentrations in blood plasma, have also been
recently connected to A} epitope masking by its binding to plasma proteins, which is a
limitation of ELISA or other standard immunoassays. It is worth noting that this weak
linkage with the disease pathology may be an effect of Af3 contribution from peripheral
tissues to plasma, as also evidenced by the lack of association between respective plasma
and CSF levels [42]. It can therefore be a derivative of limited analytical power of typically
used immunoassays or ELISA [55], or other disturbances that could be reduced by test
enhancements in the near future [56].

Limitations to this preliminary study should be considered; only routine screening
examination of cognition, mood, and functional dependence was performed. No further
assessments have been made, including brain imaging data. Additionally, our subjects were
Polish elderly, therefore the results cannot be generalized to other populations. Despite
limitations, it is an important contribution to the research investigating amyloid beta as a
potential plasma biomarker of an early cognitive deterioration in older adults.

5. Conclusions

Based on our preliminary study, we can assume that amyloid beta needs to be studied
further. Future courses of action, involving more candidate biomarkers and utilizing alter-
native detection methods on larger cohorts might potentially accelerate the development
of innovative strategies to enhance the prognosis of brain disorders. Therefore, the role
of plasma Af3 as a marker of an early cognitive deterioration requires further research.
Although it was initially thought to be a promising candidate, a great deal of research over
more than 20 years has not yet been as fruitful as was hoped. However, recent advances
in the area may result in better utility and bring hope that plasma A has the potential to
become an appropriate biomarker in conjunction with other diagnostic methods.

Author Contributions: Conceptualization, O.M. and K.K.-K.; methodology, O.M. and M.K.; software,
M.W.,; validation, K.K.-K.; formal analysis, O.M.; investigation, O.M.; resources, M.K.; data curation,
M.K.; writing—original draft preparation, O.M.; writing—review and editing, M.W. and A.G.-S.;
visualization, A.G.-S.; supervision, K.K.-K.; project administration, O.M.; funding acquisition, O.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Collegium Medicum UMK in Bydgoszcz, Poland (SDZ-
3/WL/2015 ‘Chosen biochemical parameters in the elderly” to O.M.). All the researchers were
independent from the funder. Funding authorities had no role in study design; in the collection,
analysis and interpretation of data; in the writing of the report; or in the decision to submit the article
for publication.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee of Collegium Medicum UMK no KB 505/2014
for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available within the article.

Conflicts of Interest: The authors declare no conflicts of interest.



Curr. Issues Mol. Biol. 2025, 47,203 8 of 10

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

GBD 2019. Dementia Forecasting Collaborators, Estimation of the global prevalence of dementia in 2019 and forecasted prevalence
in 2050: An analysis for the Global Burden of Disease Study 2019. Lancet Public Health 2022, 7, €105-e125. [CrossRef]

Chen, S.; Cao, Z.; Nandi, A.; Counts, N.; Jiao, L.; Prettner, K.; Kuhn, M.; Seligman, B.; Tortorice, D.; Vigo, D.; et al. The global
macroeconomic burden of Alzheimer’s disease and other dementias: Estimates and projections for 152 countries or territories.
Lancet Glob. Health 2024, 12, €1534—e1543. [CrossRef]

Blennow, K.; Mattsson, N.; Scholl, M.; Hansson, O.; Zetterberg, H. Amyloid biomarkers in Alzheimer’s disease. Trends Pharmacol.
Sci. 2015, 36, 297-309. [CrossRef] [PubMed]

Nabers, A.; Perna, L.; Lange, J.; Mons, U.; Schartner, J.; Gtildenhaupt, J.; Saum, K.-U.; Janelidze, S.; Holleczek, B.; Rujescu, D.; et al.
Amyloid blood biomarker detects Alzheimer’s disease. EMBO Mol. Med. 2018, 10, e8763. [CrossRef] [PubMed]

Lista, S.; Faltraco, F.; Prvulovic, D.; Hampel, H. Blood and plasma-based proteomic biomarker research in Alzheimer’s disease.
Prog. Neurobiol. 2013, 101-102, 1-17. [CrossRef]

O’Bryant, S.E.; Edwards, M.; Johnson, L.; Hall, J.; Villarreal, A.E.; Britton, G.B.; Quiceno, M.; Cullum, C.M.; Graff-Radford, N.R. A
blood screening test for Alzheimer’s disease. Alzheimers Dement. 2016, 3, 83-90. [CrossRef]

O’Bryant, S.E.; Mielke, M.M.; Rissman, R.A ; Lista, S.; Vanderstichele, H.; Zetterberg, H.; Lewczuk, P.; Posner, H.; Hall, J.; Johnson,
L.; et al. Blood-based biomarkers in Alzheimer disease: Current state of the science and a novel collaborative paradigm for
advancing from discovery to clinic. Alzheimers Dement. 2017, 13, 45-58. [CrossRef] [PubMed]

Molinuevo, J.L.; Ayton, S.; Batrla, R.; Bednar, M.M.; Bittner, T.; Cummings, ]J.; Fagan, A.M.; Hampel, H.; Mielke, M.M.; Mikulskis,
A et al. Current state of Alzheimer’s fluid biomarkers. Acta Neuropathol. 2018, 136, 821-853. [CrossRef]

Henriksen, K.; O’Bryant, S.E.; Hampel, H.; Trojanowski, J.Q.; Montine, T.J.; Jeromin, A.; Blennow, K.; Lonneborg, A.; Wyss-Coray,
T.; Soares, H.; et al. The future of blood-based biomarkers for Alzheimer’s disease. Alzheimers Dement. 2014, 10, 115-131.
[CrossRef]

Schneider, P.; Hampel, H.; Buerger, K. Biological marker candidates of Alzheimer’s disease in blood, plasma, and serum. CNS
Neurosci. Ther. 2009, 15, 358-374. [CrossRef]

Snyder, H.M.; Carrillo, M.C.; Grodstein, F.; Henriksen, K.; Jeromin, A.; Lovestone, S.; Mielke, M.M.; O’Bryant, S.; Sarasa, M.;
Sjegren, M.; et al. Developing novel blood-based biomarkers for Alzheimer’s disease. Alzheimers Dement. 2014, 10, 109-114.
[CrossRef]

O’Bryant, S.E. Introduction to special issue on Advances in blood-based biomarkers of Alzheimer’s disease. Alzheimers Dement.
2016, 3, 110-112. [CrossRef] [PubMed]

Hiltunen, M.; van Groen, T.; Jolkkonen, J. Functional roles of amyloid-beta protein precursor and amyloid-beta peptides: Evidence
from experimental studies. |. Alzheimers Dis. 2009, 18, 401-412. [CrossRef] [PubMed]

Tabaton, M.; Zhu, X.; Perry, G.; Smith, M.A.; Giliberto, L. Signaling effect of amyloid-beta (42) on the processing of ABPP. Exp.
Neurol. 2010, 221, 18-25. [CrossRef]

Baruch-Suchodolsky, R.; Fischer, B. A{340, either soluble or aggregated, is a remarkably potent antioxidant in cell-free oxidative
systems. Biochemistry 2009, 48, 4354—4370. [CrossRef]

Igbavboa, U.; Sun, G.Y.; Weisman, G.A.; He, Y.; Wood, W.G. Amyloid beta-protein stimulates trafficking of cholesterol and
caveolin-1 from the plasma membrane to the Golgi complex in mouse primary astrocytes. Neuroscience 2009, 162, 328-338.
[CrossRef]

Kumar, D.K.; Choi, S.H.; Washicosky, K.J.; Eimer, W.A.; Tucker, S.; Ghofrani, J.; Lefkowitz, A.; McColl, G.; Goldstein, L.E.; Tanzi,
RE,; et al. Amyloid-p peptide protects against microbial infection in mouse and worm models of Alzheimer’s disease. Sci. Transl.
Med. 2016, 8, 340ra72. [CrossRef] [PubMed]

Ritchie, C.; Smailagic, N.; Noel-Storr, A.H.; Takwoingi, Y.; Flicker, L.; Mason, S.E.; McShane, R. Plasma and cerebrospinal fluid
amyloid beta for the diagnosis of Alzheimer’s disease dementia and other dementias in people with mild cognitive impairment
(MCI). Cochrane Database Syst. Rev. 2014, 2014, CD008782. [CrossRef]

Carapeto, A.P,; Marcuello, C.; Faisca, PEN.; Rodrigues, M.S. Morphological and Biophysical Study of S100A9 Protein Fibrils by
Atomic Force Microscopy Imaging and Nanomechanical Analysis. Biomolecules 2024, 14, 1091. [CrossRef]

Xia, W.; Yang, T.; Shankar, G.; Smith, LM.; Shen, Y.; Walsh, D.M.; Selkoe, D.]. A specific enzyme-linked immunosorbent assay for
measuring beta-amyloid protein oligomers in human plasma and brain tissue of patients with Alzheimer disease. Arch. Neurol.
2009, 66, 190-199. [CrossRef]

Olsson, B.; Lautner, R.; Andreasson, U.; Ohrfelt, A.; Portelius, E.; Bjerke, M.; Holtta, M.; Rosen, C.; Olsson, C.; Strobel, G.; et al.
CSF and blood biomarkers for the diagnosis of Alzheimer’s disease: A systematic review and meta-analysis. Lancet Neurol. 2016,
15, 673-684. [CrossRef] [PubMed]

Li, Q.X,; Evin, G.; Small, D.H.; Multhaup, G.; Beyreuther, K.; Masters, C.L. Proteolytic processing of Alzheimer’s disease beta A4
amyloid precursor protein in human platelets. J. Biol. Chem. 1995, 270, 14140-14147. [CrossRef]


https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1016/S2214-109X(24)00264-X
https://doi.org/10.1016/j.tips.2015.03.002
https://www.ncbi.nlm.nih.gov/pubmed/25840462
https://doi.org/10.15252/emmm.201708763
https://www.ncbi.nlm.nih.gov/pubmed/29626112
https://doi.org/10.1016/j.pneurobio.2012.06.007
https://doi.org/10.1016/j.dadm.2016.06.004
https://doi.org/10.1016/j.jalz.2016.09.014
https://www.ncbi.nlm.nih.gov/pubmed/27870940
https://doi.org/10.1007/s00401-018-1932-x
https://doi.org/10.1016/j.jalz.2013.01.013
https://doi.org/10.1111/j.1755-5949.2009.00104.x
https://doi.org/10.1016/j.jalz.2013.10.007
https://doi.org/10.1016/j.dadm.2016.06.003
https://www.ncbi.nlm.nih.gov/pubmed/27453933
https://doi.org/10.3233/JAD-2009-1154
https://www.ncbi.nlm.nih.gov/pubmed/19584429
https://doi.org/10.1016/j.expneurol.2009.09.002
https://doi.org/10.1021/bi802361k
https://doi.org/10.1016/j.neuroscience.2009.04.049
https://doi.org/10.1126/scitranslmed.aaf1059
https://www.ncbi.nlm.nih.gov/pubmed/27225182
https://doi.org/10.1002/14651858.CD008782.pub4
https://doi.org/10.3390/biom14091091
https://doi.org/10.1001/archneurol.2008.565
https://doi.org/10.1016/S1474-4422(16)00070-3
https://www.ncbi.nlm.nih.gov/pubmed/27068280
https://doi.org/10.1074/jbc.270.23.14140

Curr. Issues Mol. Biol. 2025, 47,203 90f 10

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Citron, M.; Vigo-Pelfrey, C.; Teplow, D.B.; Miller, C.; Schenk, D.; Johnston, J.; Winblad, B.; Venizelos, N.; Lannfelt, L.; Selkoe, D.]J.
Excessive production of amyloid beta-protein by peripheral cells of symptomatic and presymptomatic patients carrying the
Swedish familial Alzheimer disease mutation. Proc. Natl. Acad. Sci. USA 1994, 91, 11993-11997. [CrossRef]

Kuo, Y.M.; Kokjohn, T.A.; Watson, M.D.; Woods, A.S.; Cotter, R.J.; Sue, L.I; Kalback, W.M.; Emmerling, M.R.; Beach, T.G.; Roher,
A.E. Elevated abeta42 in skeletal muscle of Alzheimer disease patients suggests peripheral alterations of AbetaPP metabolism.
Am. J. Pathol. 2000, 156, 797-805. [CrossRef]

Graff-Radford, N.R. Association of low plasma A{342/A[40 ratio with increased imminent risk for mild cognitive impairment
and Alzheimer disease. Arch. Neurol. 2007, 64, 354-362. [CrossRef] [PubMed]

Li, E; Zhou, L.; Gao, X.; Ni, W.; Hu, J.; Wu, M.; Chen, S.; Han, J.; Wu, J. A Multichannel Fluorescent Tongue for Amyloid-f
Aggregates Detection. Int. J. Mol. Sci. 2022, 23, 14562. [CrossRef] [PubMed]

Sheikh, J.I; Yesavage, ].A. Geriatric Depression Scale (GDS): Recent evidence and development of a shorter version. Clin. Gerontol.
1986, 5, 165-173.

Katz, S.; Downs, T.D.; Cash, H.R.; Grotz, R.C. Progress in development of the index of ADL. Gerontologist 1970, 10, 20-30.
[CrossRef]

Lawton, M.P; Brody, E.M. Assessment of older people: Self-maintaining and instrumental activities of daily living. Gerontologist
1969, 9, 179-186. [CrossRef]

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

Dukelow, T.; Lawrence, E.G.; Jacobson, L.; Vassilev, P.; Koychev, I.; Muhammed, K.; Kennelly, S.P. Modifiable risk factors for
dementia, and awareness of brain health behaviors: Results from the Five Lives Brain Health Ireland Survey (FLBHIS). Front.
Psychol. 2023, 13, 1070259. [CrossRef] [PubMed]

Livingston, G.; Huntley, J.; Liu, K.Y,; Costafreda, S.G.; Selbaek, G.; Alladi, S.; Alladi, S.; Ames, D.; Banerjee, S.; Burns, A,;
et al. Dementia prevention, intervention, and care: 2024 report of the Lancet standing Commission. Lancet 2024, 404, 572-628.
[CrossRef]

Bouteloup, V.; Pellegrin, I; Dubois, B.; Chene, G.; Planche, V.; Dufouil, C.; MEMENTO Study Group. Explaining the Variability of
Alzheimer Disease Fluid Biomarker Concentrations in Memory Clinic Patients Without Dementia. Neurology 2024, 102, e209219.
[CrossRef] [PubMed]

Scheuner, D.; Eckman, C.; Jensen, M.; Song, X.; Citron, M.; Suzuki, N.; Bird, T.D.; Hardy, J.; Hutton, M.; Kukull, W.; et al. Secreted
amyloid beta-protein similar to that in the senile plaques of Alzheimer’s disease is increased in vivo by the presenilin 1 and 2 and
APP mutations linked to familial Alzheimer’s disease. Nat. Med. 1996, 2, 864—-870. [CrossRef]

Tamaoka, A.; Fukushima, T.; Sawamura, N.; Ishikawa, K.; Oguni, E.; Komatsuzaki, Y.; Shoji, S. Amyloid beta protein in plasma
from patients with sporadic Alzheimer’s disease. J. Neurol. Sci. 1996, 141, 65-68. [CrossRef] [PubMed]

Vanderstichele, H.; Van Kerschaver, E.; Hesse, C.; Davidsson, P.; Buyse, M.A.; Andreasen, N.; Minthon, L.; Wallin, A.; Blennow,
K.; Vanmechelen, E. Standardization of measurement of beta-amyloid (1-42) in cerebrospinal fluid and plasma. Amyloid 2000, 7,
245-258. [CrossRef]

Song, F; Poljak, A.; Smythe, G.A.; Sachdev, P. Plasma biomarkers for mild cognitive impairment and Alzheimer’s disease. Brain
Res. Rev. 2009, 61, 69-80. [CrossRef]

Cammarata, S.; Borghi, R.; Giliberto, L.; Pardini, M.; Pollero, V.; Novello, C.; Fornaro, M.; Vitali, A.; Bracco, L.; Caltagirone, C.;
et al. Amyloid-beta42 plasma levels are elevated in amnestic mild cognitive impairment. J. Alzheimers Dis. 2009, 18, 267-271.
[CrossRef]

Irizarry, M.C. Biomarkers of Alzheimer disease in plasma. NeuroRx 2004, 1, 226-234. [CrossRef]

Mayeux, R.; Honig, L.S.; Tang, M.X.; Manly, J.; Stern, Y.; Schupf, N.; Mehta, P.D. Plasma A[beta]40 and A[beta]42 and Alzheimer’s
disease: Relation to age, mortality, and risk. Neurology 2003, 61, 1185-1190. [CrossRef]

Pomara, N.; Willoughby, L.M.; Sidtis, ].J.; Mehta, P.D. Selective reductions in plasma Abeta 1-42 in healthy elderly subjects during
longitudinal follow-up: A preliminary report. Am. J. Geriatr. Psychiatry 2005, 13, 914-917.

Hansson, O.; Zetterberg, H.; Vanmechelen, E.; Vanderstichele, H.; Andreasson, U.; Londos, E.; Wallin, A. Evaluation of plasma
Abeta (40) and Abeta (42) as predictors of conversion to Alzheimer’s disease in patients with mild cognitive impairment. Newurobiol.
Aging 2010, 31, 357-367. [CrossRef] [PubMed]

Lopez, O.L,; Kuller, L.H.; Mehta, P.D.; Becker, ].T.; Gach, H.M.; Sweet, R.A.; Chang, Y.F,; Tracy, R.; DeKosky, S.T. Plasma amyloid
levels and the risk of AD in normal subjects in the Cardiovascular Health Study. Neurology 2008, 70, 1664-1671. [CrossRef]
[PubMed]

Van Rossum, I.; Vos, S.; Handels, R.; Vissera, PJ. Biomarkers as Predictors for Conversion from Mild Cognitive Impairment to
Alzheimer-Type Dementia: Implications for Trial Design. J. Alzheimers Dis. 2010, 20, 881-891. [CrossRef] [PubMed]

Fei, M,; Jianghua, W.; Rujuan, M.; Wei, Z.; Qian, W. The relationship of plasma A levels to dementia in aging individuals with
mild cognitive impairment. J. Neurol. Sci. 2011, 305, 92-96. [CrossRef]


https://doi.org/10.1073/pnas.91.25.11993
https://doi.org/10.1016/S0002-9440(10)64947-4
https://doi.org/10.1001/archneur.64.3.354
https://www.ncbi.nlm.nih.gov/pubmed/17353377
https://doi.org/10.3390/ijms232314562
https://www.ncbi.nlm.nih.gov/pubmed/36498895
https://doi.org/10.1093/geront/10.1_Part_1.20
https://doi.org/10.1093/geront/9.3_Part_1.179
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.3389/fpsyg.2022.1070259
https://www.ncbi.nlm.nih.gov/pubmed/36710802
https://doi.org/10.1016/S0140-6736(24)01296-0
https://doi.org/10.1212/WNL.0000000000209219
https://www.ncbi.nlm.nih.gov/pubmed/38527237
https://doi.org/10.1038/nm0896-864
https://doi.org/10.1016/0022-510X(96)00143-8
https://www.ncbi.nlm.nih.gov/pubmed/8880695
https://doi.org/10.3109/13506120009146438
https://doi.org/10.1016/j.brainresrev.2009.05.003
https://doi.org/10.3233/JAD-2009-1144
https://doi.org/10.1602/neurorx.1.2.226
https://doi.org/10.1212/01.WNL.0000091890.32140.8F
https://doi.org/10.1016/j.neurobiolaging.2008.03.027
https://www.ncbi.nlm.nih.gov/pubmed/18486992
https://doi.org/10.1212/01.wnl.0000306696.82017.66
https://www.ncbi.nlm.nih.gov/pubmed/18401021
https://doi.org/10.3233/JAD-2010-091606
https://www.ncbi.nlm.nih.gov/pubmed/20413876
https://doi.org/10.1016/j.jns.2011.03.005

Curr. Issues Mol. Biol. 2025, 47, 203 10 of 10

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

Schupf, N.; Tang, M.X.; Fukuyama, H.; Manly, J.; Andrews, H.; Mehta, P.; Ravetch, J.; Mayeux, R. Peripheral Abeta subspecies as
risk biomarkers of Alzheimer’s disease. Proc. Natl. Acad. Sci. USA 2008, 105, 14052-14057. [CrossRef]

Janelidze, S.; Stomrud, E.; Palmqvist, S.; Zetterberg, H.; van Westen, D.; Jeromin, A.; Song, L.; Hanlon, D.; Tan Hehir, C.A.; Baker,
D.; et al. Plasma p-amyloid in Alzheimer’s disease and vascular disease. Sci. Rep. 2016, 31, 26801. [CrossRef]

Lovheim, H.; Elgh, F; Johansson, A.; Zetterberg, H.; Blennow, K.; Hallmans, G.; Eriksson, S. Plasma concentrations of free
amyloid-p cannot predict the development of Alzheimer’s disease. Alzheimers Dement. 2017, 13, 778-782. [CrossRef]
Nakamura, A.; Kaneko, N.; Villemagne, V.L.; Kato, T.; Doecke, ].; Doré, V.; Fowler, C.; Li, Q.-X.; Martins, R.; Rowe, C.; et al. High
performance plasma amyloid-f3 biomarkers for Alzheimer’s disease. Nature 2018, 554, 249-254. [CrossRef]

Zetterberg, H.; Mortberg, E.; Song, L.; Chang, L.; Provuncher, G.K.; Patel, P.P; Ferrell, E.; Fournier, D.R.; Kan, C.W.; Campbell,
T.G.; et al. Hypoxia due to cardiac arrest induces a time-dependent increase in serum amyloid {3 levels in humans. PLoS ONE
2011, 6, €28263. [CrossRef]

Rembach, A.; Faux, N.G.; Watt, A.D.; Pertile, K.K.; Rumble, R.L.; Trounson, B.O.; Fowler, C.].; Roberts, B.R.; Perez, K.A.; Li, Q.-X.;
et al. Changes in plasma amyloid beta in a longitudinal study of aging and Alzheimer’s disease. Alzheimers Dement. 2014, 10,
53-61. [CrossRef] [PubMed]

Rembach, A.; Watt, A.D.; Wilson, W.J.; Villemagne, V.L.; Burnham, S.C.; Ellis, K.A.; Maruff, P.; Ames, D.; Rowe, C.C.; Macaulay,
S.L.; et al. Plasma amyloid-beta levels are significantly associated with a transition towards Alzheimer’s disease as measured by
cognitive decline and change in neocortical amyloid burden. J. Alzheimers Dis. 2014, 40, 95-104. [CrossRef]

Toledo, J.B.; Vanderstichele, H.; Figurski, M.; Aisen, P.S.; Petersen, R.C.; Weiner, M.W.; Jack, C.R.; Jagust, W.; Decarli, C.; Toga,
A.W.,; et al. Factors affecting Ap plasma levels and their utility as biomarkers in ADNI. Acta Neuropathol. 2011, 122, 401-413.
[CrossRef] [PubMed]

Hardy, ].A.; Higgins, G.A. Alzheimer’s disease: The amyloid cascade hypothesis. Science 1992, 256, 184-185. [CrossRef]

Kuo, YM.; Emmerling, M.R.; Lampert, H.C.; Hempelman, S.R.; Kokjohn, T.A.; Woods, A.S.; Cotter, R.J.; Roher, A.E. High levels
of circulating Abeta4? are sequestered by plasma proteins in Alzheimer’s disease. Biochem. Biophys. Res. Commun. 1999, 257,
787-791. [CrossRef] [PubMed]

Blennow, K.; Zetterberg, H. The Past and the Future of Alzheimer’s Disease Fluid Biomarkers. |. Alzheimers Dis. 2018, 62,
1125-1140. [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/10.1073/pnas.0805902105
https://doi.org/10.1038/srep26801
https://doi.org/10.1016/j.jalz.2016.12.004
https://doi.org/10.1038/nature25456
https://doi.org/10.1371/journal.pone.0028263
https://doi.org/10.1016/j.jalz.2012.12.006
https://www.ncbi.nlm.nih.gov/pubmed/23491263
https://doi.org/10.3233/JAD-131802
https://doi.org/10.1007/s00401-011-0861-8
https://www.ncbi.nlm.nih.gov/pubmed/21805181
https://doi.org/10.1126/science.1566067
https://doi.org/10.1006/bbrc.1999.0552
https://www.ncbi.nlm.nih.gov/pubmed/10208861
https://doi.org/10.3233/JAD-170773

	Introduction 
	Material and Methods 
	Material 
	Biochemical Analysis 
	Socioclinical Analysis 
	Statistical Analysis 

	Results 
	Socioclinical Analysis 
	A42 Plasma Levels 

	Discussion 
	Conclusions 
	References

