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A B S T R A C T   

Alzheimer’s Disease (AD) is a neurodegenerative disease characterized by the accumulation of amyloid plaques 
and neurofibrillary tangles in the brain. However, increasing evidence suggests that the pathogenesis of the 
disease is associated with peripheral inflammation. Here, we aimed to determine plasma concentrations of 
multiple cytokines and chemokines from moderate-stage AD and age-matched controls. Changes in a total of 20 
cytokines and chemokines in plasma of moderate-stage AD were evaluated by using quantitative microarray. Six 
of them, namely MCP-1, MIP-1a, MIP-1b, MMP-9, RANTES, and VEGF, were found to be significantly reduced in 
moderate-stage AD patients (n = 25) in comparison to age-matched and non-demented controls (n = 25). 
However, GM-CSF, GRO-α/β/γ, IFN- γ, IL-1α, IL-1β, IL-10, IL-12 p70, IL-13, IL-2, IL- 4, IL-5, IL-6, IL-8, and TNF-α 
showed no significant differences between the patient and control groups. On the contrary to previous early-stage 
AD studies that show increased plasma cytokine/chemokine levels, our results indicate that inflammatory plasma 
molecules are reduced in moderate-stage AD. This finding points out the reduced immune responsiveness, which 
is known to be directly correlated to the degree of AD.   

1. Introduction 

Alzheimer’s disease (AD), a progressive and irreversible neurode
generative disorder, is the most common form of dementia for older 
adults [1]. AD is characterized by a mental decline with a loss of 
cognitive skills and memory function [2]. Pathological protein deposits, 
amyloid-β peptides that form senile plaques, and hyperphosphorylated 
tau that aggregates into neurofibrillary tangles, have long been sug
gested to be the main reason for AD [3,4]. Chronic neuroinflammation, 
including microglial activation and extensive oxidative damage, com
plement this pathology [4,5]. Recent studies suggest that the patho
genesis of AD is mediated by innate immune system-mediated 
inflammation [6]. Increased Amyloid-β, which is normally cleared by 
microglia, can cause over-activation of microglia, resulting in chemo
kine release and local inflammation [7,8]. When inflammation spreads, 
it affects amyloid-β clearance and increases tau phosphorylation, and 
eventually leads to neurodegeneration [9]. Misfolded and aggregated 

proteins bind to receptors on microglia and astroglia and cause an innate 
immune response characterized by the release of inflammatory media
tors that contribute to disease progression and severity [10]. 

Neuroinflammation and synapse failure have been linked to the 
pathogenesis of AD [11]. Neuroinflammation may trigger a cascade of 
microglial activation, proinflammatory factor production, and neuronal 
destruction in the preclinical stage of AD [6]. Disruption of the 
blood–brain barrier permeability, infiltration of peripheral immune 
cells, and abnormal microglia and astrocyte function might contribute to 
proinflammatory brain cytokine/chemokine signaling in AD [10]. Based 
on the results of disruption of the blood–brain barrier, it is reasonable to 
think that variations in specific inflammatory marker levels in body 
fluids are associated with shifting distribution between the periphery 
and CSF [12]. 

There is substantial evidence that peripheral and central in
flammations play a key role in the pathogenesis of AD [13]. Although it 
is unclear how systemic inflammation affects the disease process in the 

* Corresponding author. 
E-mail address: Ahmet.Baykal@acibadem.edu.tr (A. Tarik Baykal).  

Contents lists available at ScienceDirect 

Neuroscience Letters 

journal homepage: www.elsevier.com/locate/neulet 

https://doi.org/10.1016/j.neulet.2022.136799 
Received 14 March 2022; Received in revised form 6 July 2022; Accepted 11 July 2022   

mailto:Ahmet.Baykal@acibadem.edu.tr
www.sciencedirect.com/science/journal/03043940
https://www.elsevier.com/locate/neulet
https://doi.org/10.1016/j.neulet.2022.136799
https://doi.org/10.1016/j.neulet.2022.136799
https://doi.org/10.1016/j.neulet.2022.136799
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neulet.2022.136799&domain=pdf


Neuroscience Letters 786 (2022) 136799

2

brain, studies suggest that peripheral and central inflammation are 
closely linked [14]. The inflammatory biomarkers in the peripheral and 
cerebrospinal fluids (CSF) of the patients with mild cognitive impair
ment and AD were found to be significantly changed in clinical in
vestigations [13,15]. Techniques for AD diagnosis, such as CSF amyloid- 
β and tau levels, and also structural and functional MRI and amyloid 
imaging, are more invasive than peripheral cytokine measurements 
[16]. Peripheral inflammatory markers can cross the blood–brain bar
rier and have neuromodulatory effects through regulated transport 
processes. Hence, the measurement of peripheral cytokines could be 
useful biomarkers for detecting AD progression [16]. 

Cytokines, including proinflammatory and anti-inflammatory cyto
kines, are crucial participants in the neuroinflammation process, and 
they are produced by astrocytes, T-lymphocytes, and microglial cells 
[17]. Many pro-anti inflammatory cytokines have been identified in 
neuroinflammation studies with AD. anti-inflammatory cytokines stim
ulate regulatory responses to prevent neuronal damage caused by 
proinflammatory cytokines, which promote inflammatory responses 
[17]. In accordance with this, in a study with aged transgenic mice, 
amyloid-β was associated with increased proinflammatory cytokines 
[18]. One of the studies with peripheral blood mononuclear cells has 
found higher cytokine levels in patients with mild cognitive decline 
(MCI) than in AD patients or the control group [19], while another study 
reported significantly lower levels of cytokines in severe AD patients 
[20]. Increased inflammatory markers in the peripheral blood are 
related to a higher risk of dementia later in life, suggesting that pe
ripheral inflammation can occur before clinical symptoms appear [21]. 

Chemokines are chemotactic cytokines that were discovered to 
regulate immune cell migration to sites of inflammation [22]. Chemo
kines, in particular, may play a vital role in bi-directional immunological 
communication between the periphery and the central nervous system 
(CNS), where they mediate inflammatory responses and immune cell 
trafficking [23]. The levels of chemokines and their receptors are altered 
in patients with AD’s plasma, CSF, and brain tissue. They contribute to 
neuroinflammation in AD by recruiting peripheral blood monocytes and 
triggering glial cell activation [2]. They also affect the blood–brain 
barrier permeability [24]. 

Dysregulation of the immune cascade is evident in aging and may 
cause pathological consequences. There are many studies on the effects 
of the peripheral immune system on cognitive aging [23,25,26,27,28]. 
Recent studies suggest that the peripheral environment actively com
municates with the CNS, and thus immune markers in the blood may not 
only affect the peripheral aging process but also directly affect the CNS 
by exacerbating cognitive decline [29,30,23]. 

In the literature on this subject, the levels of cytokines and chemo
kines have generally been measured in plasma and CSF. Also, studies 
were mainly conducted with individuals with early-stage AD and mild 
cognitive impairment. While the results for many cytokines and che
mokines generally show increased plasma and CSF levels in the early 
stage of the disease, there are also inconsistent results [31–34]. In our 
research, we studied plasmas of moderate-stage AD. One of the reasons 
for this was that plasma cytokine level studies were generally biomarker 
studies, and therefore they were studied with mild-stage AD and MCI 
groups. However, we aimed to elucidate the cytokine plasma level dif
ferences in the moderate-stage group, which is 30.3 % of the existing 
Alzheimer’s patients [35], and the effect of these cytokine differences on 
the immune response with the progression of the disease as a contri
bution to the mild-stage studies in the literature. 

2. Materials and methods 

2.1. Ethical statement 

The Clinical Research Ethics Committee (ATADEK) at Acibadem 
Mehmet Ali Aydınlar University approved this research (No: 2016/8–34, 
Date: 12 May 2016). All control subjects and patients and/or their 

caregivers’ written informed consent. 

2.2. AD diagnosis and collection of plasma samples 

The study included all instances of AD that met the criteria of “The 
National Institute of Neurologic, Communicative Disorders, and Stro
ke–AD and Related Disorders Association (NINCDS-ADRDA)” [36]. The 
mini-mental scale examination (MMSE) was used to determine the 
severity of dementia in patients. In this study, subjects were chosen as 
moderate-stage AD patients. The Maltepe University Hospital, the Bez
mialem University Hospital, and the Istanbul Capa University Hospital 
in Istanbul, Turkey, collected blood samples from moderate-stage AD 
patients and age-matched healthy controls. Exclusion criteria for the 
age-matched control group included neurological, psychiatric, and se
vere physical illness. When the blood samples from healthy control 
volunteers were collected, they had no cognitive or mental health issues. 
Furthermore, they were not using medications to treat AD or other forms 
of dementia. 25 healthy control and 25 moderate-stage AD subjects/or 
their caregivers who read and signed the consent form donated the pe
ripheral blood samples. 

2.3. Measurement of cytokines 

Blood samples were collected from controls and AD patients in 
lithium-heparin tubes. Samples were centrifuged at 3000 rpm for 10 
min, and obtained plasma was aliquoted and stored at − 80 ◦C until the 
analysis. In this study, we used a commercial quantitative microarray 
(Quantibody Human Cytokine Array 1, RayBiotech, Inc., Norcross, GA) 
to profile the cytokine expression pattern in the plasma samples. We 
used four slides and each slide contained both plasmas of AD patients 
and age-matched controls and positive and negative control samples 
provided by the kit. A quantitative immuno-microarray measures the 
concentrations of 20 cytokines in plasma samples; GM-CSF, GRO-α/β/γ, 
IFN- γ, IL-1α (IL-1 F1), IL-1β (IL-1 F2), IL-10, IL-12 p70, IL-13, IL-2, IL- 4, 
IL-5, IL-6, IL-8 (CXCL8), MCP-1 (CCL2), MIP-1α (CCL3), MIP-1β (CCL4), 
MMP-9, RANTES (CCL5), TNF-α and VEGF-A. We followed the manu
facturer’s protocol and used their service to analyze the results. 

2.4. Statistical analysis 

We used SPSS 26.0 (SPSS Inc., USA) for statistical analysis and 
GraphPad Prism 9.0 to create the graphs (GraphPad Software Inc., USA). 
The normality of data obtained from each study group was tested with 
the Shapiro-Wilk normality test. In accordance with the results, nor
mally distributed values were tested by independent T-test while non- 
normally distributed values were tested with Mann-Whitney U. 

We also performed bioinformatic analysis to further investigate 
significantly altered cytokines. To this end, relationships between cy
tokines were investigated through protein–protein interactions via the 
STRING online tool (version 11.5) [37]. Also, Gene Ontology (GO), 
WikiPathways, and Reactome pathways were used to reveal in which 
functions or pathways these altered proteins were significantly enriched. 

3. Results 

3.1. Patient and control demographics 

A total of 50 participants were included (AD = 25 controls = 25). The 
average age of AD is 74.5 years, and the control group is 65.4 years. In 
both groups, 44 % of participants are females. The participants’ de
mographic and clinical features are summarized in Table 1. 

3.2. Cytokine measurement 

Twenty cytokines scans showed that six cytokines were significantly 
different in AD and control plasmas, while fourteen cytokines did not 
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change significantly. GM-CSF, GRO-α/β/γ, IFN- γ, IL-1α, IL-1β, IL-10, IL- 
12 p70, IL-13, IL-2, IL- 4, IL-5, IL-6, IL-8, and TNF-α were not signifi
cantly altered between AD and control groups. However, the levels of 
MCP-1, MIP-1α, MIP-1β, MMP-9, RANTES, and VEGF were significantly 
lower in AD than in the control. The scanned image and box-plot graphs 
for six significantly decreased cytokines are shown in Fig. 1. 

3.3. Statistical analysis 

In the statistical analysis, we first used the Shapiro-Wilk normality 
test, and as a result, only RANTES showed normal distribution. Then, we 
tested RANTES (t(43) = 2.79, p = 0.008, d = 0.83) with an independent 
t-test and found that it showed significant difference. Finally, we tested 
19 non-normally distributed cytokines with Mann-Whitney U and found 
that MCP-1(U = 179, p = 0.025, r = 0.32), MIP-1α (U = 101, p = 0.001, r 
= 0.49), MIP-1β (U = 90, p = 0.001, r = 0.52), MMP-9 (U = 145, p =
0.009, r = 0.38) and VEGF-A (U = 184, p = 0.05, r = 0.28) showed 
significant differences (Table 2). 

To reveal the enrichment of significantly changed six cytokines, we 
also used the String online tool (version 11.5) (Fig. 2). Gene Ontology 
(GO), REACTOME (RP), and WikiPathways (WP) results obtained from 
the STRING analysis of six significantly changed cytokines are shown in 

Table 1 
Demographic and clinical characteristics of AD and control.  

Variable Control (n = 25) AD (n = 25) 

Male/Female 14/11 14/11 
Age 65.8 ± 7.02 73.2 ± 5.0 
MMSE (score/30) / 16.6 ± 3.3  

Fig. 1. (A) Fluorescence intensity from the laser scanner. (B) Levels of MCP-1, MIP-1α, MIP1β, MMP-9, RANTES, and VEGF in controls and AD.  
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Fig. 3. As a result of our analysis, we saw that these cytokines are highly 
interacting proteins. The top five significant biological processes in 
which six cytokines were involved are as follows: monocyte chemotaxis, 
lymphocyte chemotaxis, granulocyte chemotaxis, regulation of leuko
cyte chemotaxis, and positive regulation of Erk1 and Erk2 cascade, as 
shown in Fig. 3. Also, the top five significant molecular functions are 
CCR1 chemokine receptor binding, CCR5 chemokine receptor binding, 

chemokine activity, cytokine activity, and cytokine receptor binding, as 
shown in Fig. 3. In addition, the pathways including all of the six 
significantly changed cytokines are the IL-18 signaling pathway (WP), 
signaling by interleukins (RP), and signal transduction (RP). 

4. Discussion 

Dysregulation of the immune cascade is suggested as a key compo
nent of aging and has been linked to negative pathological outcomes 
[23]. AD is the leading neurodegenerative disease that is not considered 
a single unified condition but a complex syndrome. Recently, there has 
been a lot of discussion about how neuroinflammation plays a role in the 
progression of AD [38]. AD inflammation from early to late-stage 
significantly contributes to AD pathogenesis [39,40]. Also, studies sug
gest that inflammation as cytokine dysregulation precedes the clinical 
development of AD [41]. Inflammatory pathogenesis is primarily based 
on the presence of activated immune cells and proinflammatory cyto
kines [39]. The peripheral innate immune responses, cytokines in the 
central nervous system (CNS), are important regulators of neuro
inflammation [38]. At this time, it appears that a chronic inflammatory 
state is responsible for the activation of glial cells, resulting in a more 
persistent inflammatory state and neurodegeneration [42]. Given the 
significance of neuroinflammation in AD, it is crucial to evaluate the 
impact of peripheral inflammation on the progression of AD [38]. 

Proinflammatory cytokines are involved in nervous and peripheral 
systems in AD [43,44]. The immune system cells secrete chemokines 
that are small signaling proteins and chemotactic cytokines. They 
regulate other cells’ movement in response to the chemical stimulus 
[45]. Chemokines are secreted from immune cells such as monocytes, T 
cells, and B cells but also are found in AD brain because they migrate 
from the periphery through the blood–brain barrier [46]. Chemokines, 
in particular, may play a vital role in bi-directional immunological 
communication between the periphery and the CNS [23]. There are 
studies with chemokine levels in the brain and different body fluids such 
as plasma, CSF, peripheral mononuclear cells (PBMC), and blood–brain 
barrier models, which differ in AD compared to controls 
[47,48,12,49,11]. 

Monocyte chemoattractant protein-1 (MCP-1) chemokine, which we 
found significantly less in AD group, directs the migration and infiltra
tion of monocytes, microglia, and memory T-cells to the site of injury 
and infection in various disorders [50]. In studies with early-stage AD 
and mild cognitive impairment patients, high MCP-1 levels in plasma 
have been associated with cognitive impairment [51]. However, it has 
also been shown that plasma MCP-1 levels decrease with the progression 
of the disease in mild cognitive impairment and mild AD [52]. There are 
studies demonstrating that MCP-1 deficiency causes accelerated AD 
pathology because it leads to an increased level of amyloid-β in the brain 
and impaired microglial accumulation [30,53]. Considering the possible 
neuroprotective role of MCP-1, the increase of MCP-1 in the early stage 
may be related to the prevention of the amyloid-β plaque formation by 
glial cells to neuronal death. However, with the disease’s progression, an 
insufficient immunological response can cause the death of neurons, and 
cytokines and chemokines production decrease [52]. There are also 
studies about the differences of MCP-1 in other neurodegenerative dis
eases. For example, a study suggested that MCP-1 levels in CSF posi
tively correlate with PD progression [54]. In other neurodegenerative 
disorders, the levels of MCP-1 have been found to be reduced in Multiple 
Sclerosis(MS) patients, and were found to increase in Amyotrophic 
lateral sclerosis (ALS) patients [55,56]. Besides, age-related immune 
system remodeling is thought to be affected by cytokine dysregulation 
[57]. In a study of asymptomatic aging adults, increase in plasma MCP-1 
levels were related to a decline in memory [23]. In this research, we 
found a reduced plasma level of MCP-1 in moderate-stage AD. 

Macrophage inflammatory proteins (MIP) are one of the chemokines. 
MIP-1α and MIP-1β, known as CCL3 and CCL4, respectively, are the two 
major types in humans. They perform various biological functions such 

Table 2 
Plasma levels of 20 cytokines. The data is presented as average, minimum (Min) 
and maximum (Max) values. 1Mann-Whitney U, 2Independent t-test.  

Cytokines 
(pg/ml) 

Control AD p AD/ 
Control 

IL-1α 1026.8 (0.00–5109) 670.2 
(55.5–2828.3) 

0.648 
1 

↓ 

IL-1β 212.5 (6.7–1630.7) 61.7 (0.00–386.6) 0.121 
1 

↓ 

IL-2 1049.9 
(0.00–4966.9) 

1456.1 
(30.7–6979.6) 

0.93 1 ↑ 

IL-4 137.3 (0.00–1696.6) 178.1 
(0.00–992.4) 

0.641 
1 

↑ 

IL-5 1150.9 
(0.00–11463.6) 

1238.7 
(0.00–8445.1) 

0.547 
1 

↑ 

IL-6 193.7 (0.00–1352.3) 273.9 
(0.00–1587.2) 

0.691 
1 

↑ 

IL-8 176.9 (7.6–1264.1) 236.3 
(0.00–2562.7) 

0.29 1 ↑ 

IL-10 505.6 (0.00–1488.3) 753.7 
(0.00–9163.5) 

0.281 
1 

↑ 

IL-12p70 20 (0.00–99) 18.8 (0.00–164.3) 0.387 
1 

↓ 

IL-13 258 (21.3–1052.4) 394 
(0.00–3101.9) 

0.265 
1 

↑ 

GM-CSF 81.3 (0.00–280.7) 106.4 
(0.00–659.3) 

0.478 
1 

↑ 

GRO-α/β/γ 1806.5 
(0.00–9270.1) 

1546.2 
(0.00–6910.6) 

0.662 
1 

↓ 

IFN- γ 190.4 (9.6–1589) 155.5 
(0.00–821.1) 

0.432 
1 

↓ 

MCP-1 234.2 (21.2–812) 116.6 
(0.00–479.4) 

0.025 
1 

↓ 

MIP-1α 8.7 (1.1–30) 2.8 (0.5–7.2) 0.002 
2 

↓ 

MIP-1β 110.5 (3.7–561.3) 18.4 (0.00–98.7) 0.001 
1 

↓ 

MMP-9 7270.8 
(2217.3–17504.3) 

4952.6 
(928.7–8341.4) 

0.009 
1 

↓ 

RANTES 1747.8 
(972–2690.4) 

1364.7 
(415.4–2321.5) 

0.008 
2 

↓ 

TNF-α 312.8 (31.2–1728.1) 129.9 (5.9–706.6) 0.132 
1 

↓ 

VEGF-A 197.1 (27.9–1075.5) 89 (3.7–314.3) 0.05 1 ↓  

Fig. 2. Protein-protein interaction map of six significantly changed cytokines, 
constructed with STRING [14]. 
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as recruitment of inflammatory cells, wound healing, inhibition of stem 
cells, and maintenance of effector immune response [58]. It has been 
shown that the CCL3 gene, expressed by neurons and microglia, is 
upregulated in the postmortem brains of AD and in experimental models 
of both amyloid-beta and tau deposition [59]. In addition, studies show 
that MIP-1α expression is increased in T cells of AD. This increased 
expression results in increased transendothelial migration of T cells 
across the blood–brain barrier [60]. Although these high levels of MIP in 
relation to AD pathogenesis, a study found that MIP-1α and MIP-1β 
levels (in CSF) are not associated with the amyloid status [61]. However, 
study showed there is a negative association between the CSF amyloi
dogenic nanoplaque levels and MIP-1α and MIP-1β. Given their pro
tective role, levels of cytokines were found to be negatively correlated 
with AD progression [61]. In other neurodegenerative disorders, the CSF 
levels of MIP-1α increased in patients with ALS and MIP-1β reduced in 
patients with MS [56,62]. Furthermore, MIP-1α levels were found to be 
significantly reduced in the aging group compared to young adult con
trols [63]. We found levels of both MIP-1α and MIP-1β were decreased in 
moderate-stage AD plasmas. We are speculating that decreased levels of 
MIP-1a and MIP-1β that we found in moderate-stage AD, might be 
related with reduced protection against AD pathogenesis which is 
consistent with previous reports. 

RANTES (Regulated upon activation normal T-cell expressed and 
secreted) is a chemokine that regulates cell migration and circulation of 
classical lymphoid cells such as T cells, monocytes, basophils, eosino
phils, natural killer cells, dendritic and mast cells [64]. It also induces 
the migration of mononuclear phagocytes across the blood–brain barrier 
to sites of inflammation [65]. RANTES has been associated with pre
venting amyloid-related death. RANTES levels increased in microglia 
and cerebrovascular tissue during the initial phase after amyloid expo
sure but decreased after prolonged exposure [66,67]. Studies show that 
RANTES level increases in AD patients’ brains and decreases in serum 
[68,69]. Controversially, another study reported high RANTES plasma 
levels in the early AD group that was negatively correlated with disease 
duration and age [70]. They indicate that the increased plasma RANTES 
levels in early AD show an early protective peak of inflammation against 
beta-amyloid oligomeric peptides [70]. Some studies show increased 
RANTES levels in PBMC from patients with AD relative to controls [71]. 
However, in the study with the human blood–brain barrier model with 
PBMC, the RANTES level is decreased in moderate-stage AD patients 
compared to mild AD patients [48]. They found that RANTES level is 
decreased during the progression of AD, which may be related to its 
neuroprotective role [48]. These interesting results highlight the 

importance of including the different stages of AD in the study groups. 
Additionally, the studies found that serum RANTES levels in patients 
with PD were higher than in controls and reduced in patients with MS 
[72,73,62]. We found the decreased level of the RANTES in moderate- 
stage AD plasma, is consistent with that of the studies which reported 
a decrease. Thus, we can infer that as the disease progresses the immune 
response of RANTES to increased amyloid levels and prolonged amyloid 
exposure is decreased in AD. 

Matrix metalloproteinases (MMPs) play roles in regulating various 
biological processes under pathological and normal conditions, 
including embryonic development, inflammatory diseases, cancer, and 
neurodegenerative diseases such as AD [74]. MMPs can degrade and 
remodel the extracellular matrix to regulate many signaling and ho
meostatic systems [75]. Inflammatory cells in the brain are activated by 
amyloid-β oligomers, and then microglia change their form, move near 
plaques and release proinflammatory cytokines and MMPs. Afterward, 
MMPs degrade amyloid-β and aggravate inflammation and neuron death 
[76]. Studies are showing that MMPs take a part in the inflammatory 
process of AD. MMP-9 is elevated in the brain, especially in astrocytes 
surrounding amyloid-β plaque which implicates its role in amyloid-β 
degradation and its clearance in the brain [77]. In addition to brain 
studies, MMP-9 plasma level was elevated in AD [78,32,79]. Another 
study found that MMP-9 levels in CSF samples from controls with risk 
markers for AD (such as low amyloid-β, high tau, and the ApoE4 geno
type) were significantly higher than in controls without these markers 
[80]. However, there are also studies showing the beneficial effects of 
MMP-9 [81]. One study found a positive correlation between the mRNA 
level of MMP-9 and cognitive tasks [82]. Some previous studies sug
gested that MMP-9 could slow the progression of amyloid-β pathology 
[83,84]. Also, a study found that the MMP-9 levels in CSF decreased in 
patients with ALS, and increased in MS [76]. Given that, we speculate 
the protective effect of MMP-9 against amyloid-β might be impaired due 
to the reduced plasma level of MMP-9 that we detected in moderate- 
stage AD. 

Vascular endothelial growth factor (VEGF, also known as VEGF-A), a 
signaling protein, is a physiological regulator of blood vessel growth, 
oxygen and glucose delivery, and blood–brain barrier integrity. It sup
ports vascular and neuronal functions [85]. The VEGF-A signaling 
pathway is linked to angiogenic, neurotropic, and cytoprotective pro
cesses [86]. The high levels of VEGF-A in preclinical AD models are 
associated with a neuroprotective effect [87,88]. There are inconsistent 
results in studies with VEGF-A levels in AD [85]. However, among the 
studies focusing on the neuroprotective effect of VEGF-A, it has been 

Fig. 3. Enrichment analysis of six significantly changed cytokines in plasma of the moderate stage AD patients. A. GO and B. WP and RP results were given as bubble 
plot graphs. The y axis represents either GO (MF: Molecular function, BP: Biological process, CC: cellular component) or WP/RP terms, while the × axis indicates 
strength. Circle size represents the count, and the color reflects the adjusted p-value. The analysis was carried out in STRING [14], visualization performed in 
Graphpad Prism (version 9.2) and inkscape software (version 1.0.1). 
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shown that the level of VEGF-A in AD serum is decreased [89,25]. In 
addition, a study shows that memory impairment and amyloid-β accu
mulation are reduced as a result of treating APP transgenic mice with 
VEGF-A [90]. It is thought that the elevation of VEGF-A may be pro
tective against the pathological damages of AD with vascular improve
ments. Less cognitive decline and hippocampal atrophy have been 
associated with higher VEGF-A levels. It has been suggested that the 
neuroprotective effect of VEGF-A is strongest in the presence of AD 
biomarkers and that angiogenic factors may be critical in individuals 
showing early hall-marks of AD [91]. Also, studies suggest that VEGF-A 
levels in CSF is increased in patients with PD and ALS [92,56]. In our 
study, we found decreased VEGF-A levels in moderate-stage AD pa
tients’ plasma. Therefore, this decrease might have contributed to a loss 
of the protective effect of VEGF-A against AD pathogenesis. 

Lastly, we examined the relationship between the aforementioned 
six significantly changed cytokines; we found that all of them are related 
to the IL-18 signaling pathway via WikiPathways [93]. IL-18, a member 
of the IL-1 cytokine family, activation leads to producing and releasing 
cytokines, chemokines, and cellular adhesion molecules [94,95]. IL-18- 
mediated signaling is essential for cytokines involved in host defense, 
inflammation, and tissue regeneration. The induction of various in
flammatory factors involved in both innate and adaptive immune re
sponses is mediated by the IL-18 signaling [96]. Several studies have 
demonstrated the presence of IL-18 and its receptor subunit in neurons 
confirming its ability to cross the blood–brain barrier and its role in 
neurophysiological and neuropathological diseases [97]. There are 
studies in which IL-18 level was measured in plasma and brain in in
dividuals with AD [98,99]. A study reported that, while the plasma IL-18 
level was highest in mild-AD patients, this level was low in moderate-AD 
patients, but there was no significant difference between severe-AD and 
healthy-aged control [39]. In another study conducted with plasma IL- 
18 levels, IL-18 level was higher in the MCI group than AD [98]. The 
high levels of IL-18 found in both central and peripheral levels in AD 
may reflect an unbalanced response that results in an exacerbated 
activation of innate immune cells, which in turn may promote a dysre
gulated, persistent inflammatory cascade, becoming a driving force in 
the chronic progression to irreversible neurodegeneration [100]. 

5. Conclusion 

In conclusion, we found six cytokine levels, namely MCP-1, MIP-1a, 
MIP-1b, MMP-9, RANTES, and VEGF, are lower in plasmas of moderate- 
stage AD patients than their age-matched healthy controls. As the 
severity of AD increases, the decrease in cytokine levels is associated 
with a decreased immune response to many stimuli. To summarize, the 
decreased immune responses for six significantly changed cytokines; 
decreased T-cell activation, protective effect, and amyloid-β clearance. 
In addition, the decrease in cytokine level may be associated with 
impaired phagocytic activity, and this impairment can lead to the 
accumulation of amyloid proteins. 
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