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Abstract

and cognitive capacity impacting the elderly health.

We carried out an evaluation of a sample of 45 elderly into 2 groups GA(21)=75.9+7.4 years and GC(24)=75.3+7.5
years. We evaluated CDR, MMSE, and CST, Lawton and Brody Scale and one sample of 5 ml of blood for analysis
of biomarkers. The data were compared between groups. The results showed higher levels for IL-12, IL-10 and
IL-1B for Alzheimer’s disease. IL-10 was correlated with age, CDR and functional capacity and negative correlated
with MMSE. The age was correlated with TNF-q, IL-10, IL-4. The CST was correlated with IL-4. We conclude that
Alzheimer’s disease changes de immune system with higher inflammatory cytokine and correlated with functional
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Introduction

Alzheimer's disease is the most common type of dementia in the
world. It is a neurodegenerative disease that causes cognitive loss.
The pathophysiology is characterized by the accumulation of senile
plaques comprised of -amyloid peptide and the loss of function of
microtubules in the neurons caused by hyper phosphorylated tau.
These pathophysiological changes lead to the activation of microglia
and astrocytes, releasing inflammatory cytokines.

The presence of P-amyloid plaque sites attracts microglia and
astrocytes, responsible for mediating the inflammatory response [1].
The microglia are considered to be part of the immune system in the
Central Nervous System (CNS), because they are antigen presenting
cells, perform phagocytosis and release cytotoxic factors [2, 3]. Studies
have shown that microglia play a role in the removal of AP peptides
in culture, and are also activated by AP protofibrils, triggering an
inflammatory response [2,4]. Other cells responsible for the immune
response in the CNS are astrocytes. Astrocytes are in greater quantity
in the CNS and perform a range of functions including synaptogenesis,
the formation and maintenance of the blood-brain barrier, play a role
in neurotransmission, metabolic regulation and the maintenance of the
ionic balance [2]. A hypertrophic astrocyte reaction is observed around
senile plaques in post-mortem studies of Alzheimer's patients and
activated astrocytes can perform phagocytosis and degrade amyloid
peptides, which may contribute to the removal of accumulations of Af
[1,5,6].

The evidence indicates various types of interaction between the
immune system and the central nervous system in the pathogenesis of
AD [1,7-10]. Both microglia and astrocytes secrete cytokines such as
Interleukin 1f (IL-1p), Tumor Necrosis Factor (TNF), nitric oxide, and
other molecules with cytotoxic potential to repair neuronal structural
damage after exposure to AP [1]. From a pathophysiological perspective,
neuroinflammation can be considered part of the neuropathological
triad that characterizes AD (the other two being senile plaques and
neurofibrillary tangles). Inflammatory markers are able to cross

the blood-brain barrier and produce neuromodulatory effects [11].
However, there is still no consensus in the literature on the relationship
between cytokines and Alzheimer's disease.

The objective of this study was to measure the level of cytokines
in the peripheral blood of patients with Alzheimer's disease and to
correlate this with the severity of the dementia, and functional and
mental capacity.

Materials and Methods

Study design

The elderly were selected in the city of Rio de Janeiro, Alzheimer's
disease center and other mental disorders in old age and Duque de
Caxias, at the University of Rio Grande, with diagnosis of Alzheimer's
disease and control.

Sample

Elderly patients aged over 60 years with Alzheimer's diagnosis,
according to the Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) [12], were selected for Alzheimer Group composition and
without dementia diagnosis for Group Composition Control (GC).
Other mental pathologies and health impairments in the last 6 months
were adopted as exclusion criteria. The physical, medical-psychological
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characterization was obtained from data contained in the medical
records and complemented in an interview with patient and family
member, staging of the disease was measured by Clinical Dementia
Rating (CDR) [13]. After data eligibility, the elderly were allocated into
2 groups: Alzheimer Group (GA) and Control Group (CG).

Assessment

For the assessment of cognitive capacity was measured by the Mini
Mental State Examination (MMSE), to measure the motor variables
was performed the Chair stand test in 30 seconds [14,15]. Functional
capacity was evaluated by the Lawton and Brody scale [16].

Collections of blood sample

Blood samples were collected by a health professional trained for
the procedure, after the Biological material collection, the sample was
processed and frozen in freezer -80 °C for analysis in the posterior. The
processing was carried out at the Immunopathology Laboratory of the
State University of Rio de Janeiro (UER]), through flow cytometry by
the Cytometric Bead Assay (CBA; BD Biosciences, San Jose, California,
USA) using the kits: Human Inflammatory Cytokines and Human
Th1/TH2/Th7 Cytokine. Ten cytokines (IL-17, IFN-y, IL-4, IL-2, IL-
12, TNE, IL-10, IL-6, IL-1p and IL-8) were analyzed. All samples were
centrifuged at 1050 g for 3 min within 30 min after phlebotomy. The
resultant supernatant (serum fraction) was transferred and divided into
four aliquots of 400 pL of serum. Serum samples were stored at -80 "C
with constant temperature monitoring before cytokine assay.

The project was approved by the Research Ethics Committee
(CEP) of the University of Grande Rio (UNIGRANRIO) with CAEE
57332116.7.0000.5283 numbering. All individuals signed the informed
consent form.

Statistical analysis

The clinical and socio-demographic data are described in Mean and
Standard Deviation (m; sd) and the Chi-square and T student test were
used for comparison. The Mann-Whitney and T student tests were used
for the biomarkers to analyze the parametric and non-parametric data,
respectively.

A correlation of the biomarkers with the cognitive and physical-
functional variables was performed using the Spearman and Pearson
tests. P<0.05 was adopted for statistical significance. We used Cohen's
classification for the intensity of the correlations [17].

Results

The study included 45 elderly participants, including 24 elderly
controls (CG) and 21 elderly with diagnosis of AD (AG). There was
a female predominance in both groups. The control group obtained,
as expected, higher scores in the MMME compared to the Alzheimer
group. Most of the Alzheimer's group has more than 8 years of schooling,
while in the control group a large part has less than 8 years of schooling.
Regarding the numbers of comorbidities in the participants, most had
only one comorbidity or none. Among the comorbidities, systemic
arterial hypertension was the most common, as shown in Table 1.

In physical assessments, both groups presented no significant
difference in BMI and CST. However, for functional capacity at all
levels, when the total, basic or instrumental functional capacity was
evaluated, the control group presented a higher functional capacity as
shown in Table 1.

Alzheimer Controle
M( £ DP) M( £ DP) P
N (M/F) ¥ 21(9/12) 24 (4/20) 0.06
%Female 57.10% 83.30% -
Age* 75.9 (7.4) 75.3 (7.5) 0.7
MSSM* 17.9 (5.7) 25.4 (4.0) <0.001
CDR - - -
0 - 75% -
0.5 - 25% -
1 52.40% - -
2 42.90% - -
3 4.80% - -
Schooling
llliterate (%) 9.50% 8.30% -
<8 Years (%) 28.60% 58.30% -
>8 Years (%) 61.90% 33.30% -
Comorbidities
0 23.8% 33.3% -
1 57.1% 33.3% -
2 14.3% 29.2% -
3+ 4.8% 4.2% -
Hypertension (%) 42.9% 33.3% -
Diabetes (%) 9.5% 16.7% -
BMI** 27.1(4.7) 27.6 (5.3) 0.7
CST** 10.0 (4.3) 10.1 (4.9) 0.6
Lawton Total** 37.3(21.9) 8.8 (11.5) 0.000
Lawton Basic** 6.0 (4.2) 0.3 (1.0) 0.000
Lawton Instrumental™* 31.2 (20.0) 8.5(10.9) 0.000
Note: M=mean; DP=Standard Deviation; CDR=Clinical Dementia Rating, MMSE= Minimental State Examination; BMI=Body Mass Index; CST=Chair Stand Test; *=teste
t (for normality); **=teste de Mann-Whitney U. ¥=Chi square test.

Table 1: The demographics of AD patients and Control group.
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Three cytokines were found increased in patients with DA compared
to the control (IL-12; IL-10 and IL-1pB), as shown in Figure 1. Other
cytokines showed no significant differences. The IL-10 was the cytokine
that obtained a positive correlation of moderate intensity with age,
CDR, Lawton in the total score and in the score for basic life activities.
A negative correlation of IL-10 with MMME was found, showing that
the lower the score in the test, the greater the concentration of this

cytokine.

Age was moderately correlated with three cytokines (IL-12, IL-10
and IL-6). For the CDR, a positive and moderate correlation was found
for IL-10. The CST correlated negatively and moderately with TNE,
showing that the higher the concentration of this cytokine the lower
the individual's ability to stand up without support, as shown in Table 2.
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Figure 1: Serum levels of biomarkers in AD and control groups. A) Serum IL-12 levels in control group and AD patients; B) Serum IL-10 levels in control and AD
group; C) Serum IL-1B levels in control and AD groups; D) Serum IL-8 levels in control and AD groups; E) Serum IFN-y levels in control and AD group; F) Serum
TNF levels in control and AD group; G) Serum II-6 levels in control and AD group; H) Serum IL-17 levels in control and AD group. IL-8, IFN-y, TNF and IL-17 were

Note: *Serum IL-12, IL-10, IL-1B levels in AD group increased compared with control.
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IL-17 IFN-y IL-12 TNF IL-10 IL-6 IL-1B IL-8
r p r p r p r p r p r p r p r p
Age 0.13 0.39 0.1 0.49 0.31 0.04* | -0.02 0.9 0.37 0.01* | 0.32 0.03* 0.12 0.41 -0.15 0.31
CDR -0.15 0.39 -0.21 0.17 0.27 0.07 0.2 0.18 0.38 0.01* | -0.01 0.97 0.26 0.09 0.16 0.28
MMSE 0.06 0.68 -0.01 0.95 -0.18 0.23 -0.2 0.19 -0.32 0.03* | -0.05 0.72 -0.03 0.82 0.03 0.85
CST -0.17 0.25 -0.25 0.1 -0.3 0.87 | -0.31 | 0.04* -0.13 0.4 -0.08 0.6 0.16 0.29 -0.15 0.34
Lawton Total 0 0.98 -0.1 0.53 -0.22 0.14 0.28 | 0.06 0.31 0.04* | 0.09 0.55 0.1 0.49 0.14 0.35
Basic -0.11 0.46 -0.16 0.3 0.24 0.11 0.27 | 0.06 0.35 0.02* | 0.03 0.86 0.15 0.31 0.21 0.16
Instrumental 0.01 0.93 -0.08 0.59 0.2 0.19 0.26 | 0.09 0.28 0.06 0.08 0.62 0.09 0.57 0.13 0.4
Note: Correlation with age, severity, cognitive and functional capacity. CDR=Clinical dementia rating; MMSE=Minimental State Examination. IL-10 was combine with age,
CDR and functional capacity; and was a negativity correlation with MMSE. TNF was negativity combined with chair stand test. 1L-12 and IL-6 was correlated with age.

Table 2: Biomarkers correlation with age, severity, cognitive and functional capacity.

A correlation of the MMSE cognitive test with all the physical-
functional capacity tests used in this study was performed. As shown
in Table 2, the MMSE was strongly correlated with the Lawnton test
for instrumental activities and with very great intensity with the
Lawnton tests for the basic activities and the total score of Lawnton and
Brody. With the chair stand test in 30 seconds, the MMSE correlated
moderately. The CST was also moderately correlated with Lawton's
total score and evaluation of instrumental activities by Lawnton and
Brody.

Discussion

Our results demonstrated that patients with AD presented a change
in their immune system assessed by the inflammatory cytokines. We
found higher levels of IL-12,IL-10 and IL-1f in the AD group compared
to those in the control group. For IL-12, our results contradicted the
results of other studies that demonstrated a decrease in this cytokine for
patients with AD [11,18,19]. However, the study performed by Motta et
al,, reported that this cytokine is at very high levels in the early-stage of
AD but falls as the severity of the pathology increases [18]. Our sample
mainly comprised patients with mild Alzheimer's, which could explain
the difference found compared to the control group.

We identified an increase of IL-10 in AD; however, other studies
found no statistical difference for this marker [20,21]. Wang et al.,
demonstrated a difference in this cytokine in patients with cognitive
decline compared with healthy individuals, but it was shown to
have a low discriminating potential [22]. The authors evaluated
three groups (patients with AD, patients with mild cognitive decline
with amnesia and controls). The increase of this cytokine in the AD
patients demonstrated the activate anti-inflammatory character of this
population, as IL-10 can be considered a potent anti-inflammatory
derived from T helper 2 (Th2) and T regulators (Treg) cells with role of
inhibiting the production of other pro-inflammatory cytokines such as
TNE IL-1P and IL-12 released in the CNS by microglia and astrocytes
[22]. Kiyota et al., demonstrated that the increase of IL-10 in response
to CNS inflammation was necessary for the reduction of microgliosis
and astrogliosis and important for the maintenance and cognitive
ability gain in mice in an Alzheimer's model [23].

For IL-1p, we demonstrated an increase in its peripheral

concentration in AD, corroborating other studies that demonstrated
an increase of this cytokine in AD [8,24]. However, this is contrary
to the results of some other studies, which reported that there was no
significant difference in respect of this cytokine in AD in peripheral
blood and in spinal fluid [20,25,26]. In one study the authors identified
an increase of this cytokine in AD and negative correlation of the same
cytokine with the cognitive ability, evaluated by the MMSE, as in our
study in which we found a very large negative correlation between IL-
1B and cognitive ability through the MMSE [8].

In our study, we found an increase in IL-10 and IL-1 in AD patients,
showing the inflammatory response to Alzheimer's pathophysiology,
but there was no increase in IL-6, perhaps due to the comorbidities
of both groups that may have influenced the production of cytokines.
The concentration of IL-6 in the blood was correlated with the levels
in cerebrospinal fluid in Alzheimer's patients, demonstrating that
this cytokine could be related to the pathophysiology of the disease
[27]. IL-6 is a multifunctional cytokine, having both an anti and pro-
inflammatory function. It is present in the early stage of inflammation,
being induced by TNF or IL-1f [28,29]. It may have anti-inflammatory
action when it induces the production of IL-10, which inhibits the
action of TNF [30].

Our results demonstrated a correlation between TNF and
functional capacity, both in the chair stand test in 30 seconds (moderate
correlation), and in the Lawton and Brody scales (small correlation).
TNF is considered a non-specific cytokine, but is a significant factor
for the development of psychiatric diseases, including Alzheimer's
[9]. It can be secreted by the activation of the microglia in response
to B-amyloid accumulation sites [9]. However, Uslu et al., found no
difference in the levels of this cytokine compared to a control, as in
this study, but Belkhelfa et al., demonstrated a high level of TNF in
Alzheimer's patients and a significant difference also when comparing
TNF levels in people with mild cognitive decline and severe Alzheimer's
[31,32]. Leung et al., showed an inverse correlation of TNF levels with
hippocampal volume [33].

Mirhafez et al., found that arterial hypertension may increase the
levels of some cytokines such as IFN-y, TNF, IL-2 and IL-8 compared
to individuals without SAH. This could explain our results, in which
no difference was found between these cytokines in the control and
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Alzheimer groups, as in both groups there was a high percentage of
a hypertensive individual which may have increased these cytokines
in the control group [34]. Another interleukin with no differences
found between the groups was IL-6: however, Marsland et al., found
a correlation between this cytokine and BMI and bilateral gray matter
volume in the hippocampus [35]. The study showed a correlation of
r=0.23 between IL-6 and BMI and a negative correlation between
IL-6 and left and right hippocampal volume (r=-0.42 and r=0.24
respectively) [35]. We can infer that the high levels of IL-6 in our
control group may also have been due to the presence of comorbidities,
including hypertension, and may lead to the cognitive decline of
these individuals in the near future, necessitating monitoring of this
population to confirm this inference.

Our study evaluated another important issue for the general
health of patients with Alzheimer's, their oral health. We ascertained
whether the individuals went to the dentist or received any dental
treatment. We discovered the important fact that in both groups only a
small percentage went to the dentist or received any dental treatment.
However, 9 individuals in the control group and 5 in the Alzheimer’s
group did not have their own teeth. In all cases this procedure had
been performed at least 1 year previously and we could not identify the
cause; however, this suggests that these individuals may have had some
oral pathology, A study by Gaur and Agnihotri showed that chronic
periodontitis may lead to increased levels of inflammatory cytokines
such as IL-1, IL-6 and TNF-a and contribute to the worsening of
Alzheimer's [36].

Our study found a reduced functional capacity for Alzheimer's
patients. These findings agree with those of Talmelli et al., who reported
lower physical capacity in older adults with Alzheimer's disease, which
was more affected according to the severity of the dementia [37]. The
authors found that older adults with higher CDRs had less functional
capacity than those with lower CDRs. In our study, we demonstrated
that individuals with Alzheimer's had lower functional capacity for
both basic and instrumental life activities compared to individuals with
CDRs of 0 or 0.5. The AD group had less institutionalization time and
yet had less functional capacity than the other older adults.

Our study found a moderate to a very large intensity correlation
of the MMSE with all the physical-functional capacity tests. Sobol
et al.,, also found a correlation between the MMSE and the TUG test
as well as with other tests of cognitive ability, such as the Stroop and
verbal fluency tests, agreeing with our results that showed that the low
physical capacity of Alzheimer's patients can influence the severity of
the cognitive impact that this patient presents [38].

This study has some limitations that should be mentioned. First,
the small size of each group may have affected the results in respect of
some cytokines. Second, the fact that the data were collected from two
different elderly care centers may have had an influence on the level
of schooling and the level of medical care among the elderly. As the
control group was comprised of individuals from the Duque de Caxias
area of Rio, many of the participants were without adequate medical
care, and this may have influenced the monitoring of the comorbidities
found among them.

Conclusion

We conclude that Alzheimer's disease is correlated with changes
in the immune system, observed by the differential concentration of
peripheral inflammatory cytokines, such as IL-12, IL-10 and IL-1{. IL-
10 is correlated with the severity of the disease assessed by the CDR, as

well as with age and cognitive ability. In addition, levels of inflammatory
cytokines may be correlated with the functional capacity of older adults,
and TNF-a correlated with the ability to stand up from a chair, as well
as with the ability to perform daily life activities. Age may be correlated
with IL-6, IL-10 and IL-12 cytokines. However, more studies with larger
sample populations and more robust analyses are necessary for a better
understanding of cytokines.

References

1. Heneka MT, Carson MJ, El Khoury J, Landreth GE, Brosseron F, et al. (2015)
Neuroinflammation in Alzheimer’s disease. Lancet Neurol 14(4):388-405.

2. Morales |, Guzman-Martinez L, Cerda-Troncoso C, Farias GA, Maccioni RB
(2014) Neuroinflammation in the pathogenesis of Alzheimer’s disease. A rational
framework for the search of novel therapeutic approaches. Front Cell Neurosci
22;8:112.

3. Hanisch UK, Kettenmann H (2007) Microglia: Active sensor and versatile effector
cells in the normal and pathologic brain. Nat Neurosci 10(11):1387-1394.

4. Hardy J, Selkoe DJ (2002) The amyloid hypothesis of Alzheimer’s disease:
Progress and problems on the road to therapeutics. Science 297(5580):353-356.

5. Medeiros R, LaFerla FM (2013) Astrocytes: Conductors of the Alzheimer disease
neuroinflammatory symphony. Exp Neurol 239:133-138.

6. Meraz-Rios MA, Toral-Rios D, Franco-Bocanegra D, Villeda-Hernandez J,
Campos-Pena V (2013) Inflammatory process in Alzheimer’s Disease. Front
Integr Neurosci 13;7:59.

7. Chen R, Yin Y, Zhao Z, Huang L, Huang S, et al. (2012) Elevation of serum
TNF-a levels in mild and moderate Alzheimer patients with daytime sleepiness. J
Neuroimmunol 244(1-2):97-102.

8. Forlenza OV, Diniz BS, Talib LL, Mendonca VA, Ojopi EB, et al. (2009) Increased
serum IL-1B level in Alzheimer’s disease and mild cognitive impairment. Dement
Geriatr Cogn Disord 28(6):507-512.

9. Lee KS, Chung JH, Choi TK, Suh SY, Oh BH, et al. (2009) Peripheral cytokines
and chemokines in Alzheimer’s disease. Dement Geriatr Cogn Disord 28(4):281-
287.

10. Heppner FL, Ransohoff RM, Becher B (2015) Immune attack: The role of
inflammation in Alzheimer disease. Nat Rev Neurosci 16(6):358-372.

11. Lee KS, Chung JH, Lee KH, Shin MJ, Oh BH, et al. (2008) Bioplex analysis
of plasma cytokines in Alzheimer’'s disease and mild cognitive impairment
121(2):105-109.

12. American Psychiatric Association (2014) DSM-5: Diagnostic and Statistical
Manual of Mental Disorders. Artmed Publisher.

13. Hughes CP, Berg L, Danziger W, Coben LA, Martin RL (1982) A new clinical
scale for the staging of dementia. Br J Psychiatry 140(6):566-572.

14. Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state”: A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res 12(3):189-198.

15. Rikli RE, Jones CJ (1999) Development and validation of a functional fitness test
for community-residing older adults. J Aging Phys Act 7(2):129-161.

16. Lawton MP, Brody EM (1969) Assessment of older people: self-maintaining and
instrumental activities of daily living. The gerontologist 9(3_Part_1):179-186.

17. Hopkins WG (2000) A new view of statistics. Internet Society for Sport Science.

18. Motta M, Imbesi R, Di Rosa M, Stivala F, Malaguarnera L (2007) Altered plasma
cytokine levels in Alzheimer’s disease: Correlation with the disease progression.
Immunol Lett 114(1):46-51.

19. Rentzos M, Paraskevas GP, Kapaki E, Nikolaou C, Zoga M, et al. (2006)
Interleukin-12 is reduced in cerebrospinal fluid of patients with Alzheimer’s
disease and frontotemporal dementia. J Neurol Sci 249(2):110-114.

20. Liano DA, Li J, Waring JF, Ellis T, Devanarayan V, et al. (2012) Cerebrospinal
fluid cytokine dynamics differ between Alzheimer disease patients and elderly
controls. Alzheimer Dis Assoc Disord 26(4):322-328.

21. Bonotis K, Krikki E, Holeva V, Aggouridaki C, Costa V, et al. (2008) Systemic
immune aberrations in Alzheimer’s disease patients. J Neuroimmunol 193(1-
2):183-187.

J Alzheimers Dis Parkinsonism 2022, 12:6
ISSN: 2161-0460

Volume 12 - Issue 06 « 1000556


https://www.sciencedirect.com/science/article/abs/pii/S1474442215700165
https://www.frontiersin.org/articles/10.3389/fncel.2014.00112/full
https://www.frontiersin.org/articles/10.3389/fncel.2014.00112/full
https://www.nature.com/articles/nn1997
https://www.nature.com/articles/nn1997
https://www.science.org/doi/abs/10.1126/science.1072994
https://www.science.org/doi/abs/10.1126/science.1072994
https://www.sciencedirect.com/science/article/abs/pii/S0014488612003901
https://www.sciencedirect.com/science/article/abs/pii/S0014488612003901
https://www.frontiersin.org/articles/10.3389/fnint.2013.00059/full
https://www.sciencedirect.com/science/article/abs/pii/S0165572811003675
https://www.sciencedirect.com/science/article/abs/pii/S0165572811003675
https://www.karger.com/Article/Abstract/255051
https://www.karger.com/Article/Abstract/255051
https://www.karger.com/Article/Abstract/245156
https://www.karger.com/Article/Abstract/245156
https://www.nature.com/articles/nrn3880
https://www.nature.com/articles/nrn3880
https://www.sciencedirect.com/science/article/abs/pii/S0165247808002186
https://www.sciencedirect.com/science/article/abs/pii/S0165247808002186
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/abs/new-clinical-scale-for-the-staging-of-dementia/D1AAE7A0836C1E36B450461613521D20
https://www.cambridge.org/core/journals/the-british-journal-of-psychiatry/article/abs/new-clinical-scale-for-the-staging-of-dementia/D1AAE7A0836C1E36B450461613521D20
https://d1wqtxts1xzle7.cloudfront.net/48794085/0022-3956_2875_2990026-620160913-28497-y2c5d5-with-cover-page-v2.pdf?Expires=1666868192&Signature=bDDCUc9WlbyLDfPe3kq9H~BUkr8EaaviHWi8uMXF1sC3ZmzUf7KgvuvixbXAipwe-oKf0aKd3Mz7g-WTkK0giH9KVMHAtENjsZLg78vu0e~rERs1guY1mTT8uHcRsoFWDaKY0S4qd6AAi67wAPSvQTwrmT2B1wXXSrZyRNk7~UJjpR2~5qWMVDZuMbfEWpIyM~-XGxW3K1K7piyFozLvRyGyDzRcRSjCjbx-hwzPeRvI11q1FYkK7Mg8GI3fzfsOCiosfxNXglvjLChBeSlw-UooYJR-ThddwyGTh6Z-iYVcWsUQXiL9G4zrJf~4femkZHm76HNMYQTCdzegioWxbw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/48794085/0022-3956_2875_2990026-620160913-28497-y2c5d5-with-cover-page-v2.pdf?Expires=1666868192&Signature=bDDCUc9WlbyLDfPe3kq9H~BUkr8EaaviHWi8uMXF1sC3ZmzUf7KgvuvixbXAipwe-oKf0aKd3Mz7g-WTkK0giH9KVMHAtENjsZLg78vu0e~rERs1guY1mTT8uHcRsoFWDaKY0S4qd6AAi67wAPSvQTwrmT2B1wXXSrZyRNk7~UJjpR2~5qWMVDZuMbfEWpIyM~-XGxW3K1K7piyFozLvRyGyDzRcRSjCjbx-hwzPeRvI11q1FYkK7Mg8GI3fzfsOCiosfxNXglvjLChBeSlw-UooYJR-ThddwyGTh6Z-iYVcWsUQXiL9G4zrJf~4femkZHm76HNMYQTCdzegioWxbw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://journals.humankinetics.com/configurable/content/journals$002fjapa$002f7$002f2$002farticle-p129.xml?t:ac=journals%24002fjapa%24002f7%24002f2%24002farticle-p129.xml
https://journals.humankinetics.com/configurable/content/journals$002fjapa$002f7$002f2$002farticle-p129.xml?t:ac=journals%24002fjapa%24002f7%24002f2%24002farticle-p129.xml
http://www.eurohex.eu/bibliography/pdf/Lawton_Gerontol_1969-1502121986/Lawton_Gerontol_1969.pdf
http://www.eurohex.eu/bibliography/pdf/Lawton_Gerontol_1969-1502121986/Lawton_Gerontol_1969.pdf
https://books.google.co.in/books/about/A_New_View_of_Statistics.html?id=G-jnwQEACAAJ&redir_esc=y
https://www.sciencedirect.com/science/article/abs/pii/S0165247807002210
https://www.sciencedirect.com/science/article/abs/pii/S0165247807002210
https://www.sciencedirect.com/science/article/abs/pii/S0022510X06002814
https://www.sciencedirect.com/science/article/abs/pii/S0022510X06002814
https://journals.lww.com/alzheimerjournal/Abstract/2012/10000/Cerebrospinal_Fluid_Cytokine_Dynamics_Differ.6.aspx
https://journals.lww.com/alzheimerjournal/Abstract/2012/10000/Cerebrospinal_Fluid_Cytokine_Dynamics_Differ.6.aspx
https://journals.lww.com/alzheimerjournal/Abstract/2012/10000/Cerebrospinal_Fluid_Cytokine_Dynamics_Differ.6.aspx
https://www.sciencedirect.com/science/article/abs/pii/S016557280700389X
https://www.sciencedirect.com/science/article/abs/pii/S016557280700389X

Citation: Figueiredo LFDS, Aimeida C, Rodrigues LS, Dutra PML, Laks J (2022) Inflammatory Cytokines in a Sample of Alzheimer's Patients from Rio De

Janeiro State. J Alzheimers Dis Parkinsonism 12: 556.

Page 6 of 6

22.

23.

24.

25.

26.

27.

2

oo

2

©

30.

. Petersen A, Pedersen B (2006) The

Wang T, Xiao S, LiuY, Lin Z, Su N, et al. (2014) The efficacy of plasma biomarkers
in early diagnosis of Alzheimer’s disease. Int J Geriatr Psychiatry 29(7):713-719.

Kiyota T, Ingraham KL, Swan RJ, Jacobsen MT, Andrews SJ, et al. (2012)
AAV serotype 2/1-mediated gene delivery of anti-inflammatory interleukin-10
enhances neurogenesis and cognitive function in APP+ PS1 mice. Gene Ther
19(7):724-733.

Zuliani G, Ranzini M, Guerra G, Rossi L, Munari MR, et al. (2007) Plasma
cytokines profile in older subjects with late onset Alzheimer’s disease or vascular
dementia. J Psychiatr Res 41(8):686-693.

Yasutake C, Kuroda K, Yanagawa T, Okamura T, Yoneda H (2006) Serum BDNF,
TNF-a and IL-1B levels in dementia patients. Eur Arch Psychiatry Clin Neurosci
256(7):402-406.

Richartz E, Stransky E, Batra A, Simon P, Lewczuk P, et al. (2005) Decline
of immune responsiveness: A pathogenetic factor in Alzheimer’s disease? J
Psychiatr Res 39(5):535-543.

Sun YX, Minthon L, Wallmark A, Warkentin S, Blennow K, et al. (2003)
Inflammatory markers in matched plasma and cerebrospinal fluid from patients
with Alzheimer’s disease. Dement Geriatr Cogn Disord 16(3):136-144.

role of IL-6 in mediating the anti-
inflammatory. J physiol pharmacol 57(Suppl 10):43-51.

. Viegas FP, Simoes MC, da Rocha MD, Castelli MR, Moreira MS, et al. (2011)

Alzheimer’s disease: Characterization, evolution and implications of the
neuroinflammatory process Rev. Virtual de Quimica. 3(4):286-306.

Dursun E, Gezen-Ak D, Hanagasi H, Bilgic B, Lohmann E, et al. (2015) The
interleukin 1 alpha, interleukin 1 beta, interleukin 6 and alpha-2-macroglobulin
serum levels in patients with early or late onset Alzheimer’'s disease, mild
cognitive impairment or Parkinson’s disease. J Neuroimmunol 283:50-57.

3

=

32.

33.

34.

35.

36.

37.

38.

. Uslu S, Akarkarasu ZE, Ozbabalik D, Ozkan S, Colak O, et al. (2012) Levels of

Amyloid Beta-42, Interleukin-6 and Tumour Necrosis Factor-Alpha in Alzheimer’s
Disease and Vascular Dementia. Neurochem Res 37(7):1554-1559.

Belkhelfa M, Rafa H, Medjeber O, Arroul-Lammali A, Behairi N, et al. (2014) IFN-y
and TNF-a are involved during Alzheimer disease progression and correlate with
nitric oxide production: A study in Algerian patients. J Interferon Cytokine Res.
34(11):839-847.

Leung R, Proitsi P, Simmons A, Lunnon K, Guntert A, et al. (2013) Inflammatory
proteins in plasma are associated with severity of Alzheimer’s disease. PloS one
8(6):e64971.

Mirhafez SR, Mohebati M, Disfani MF, Karimian MS, Ebrahimi M, et al. (2014)
An imbalance in serum concentrations of inflammatory and anti-inflammatory
cytokines in hypertension. J Am Soc Hypertens 8(9):614-623.

Marsland AL, Gianaros PJ, Abramowitch SM, Manuck SB, Hariri AR (2008)
Interleukin-6 covaries inversely with hippocampal grey matter volume in middle-
aged adults. Biol Psychiatry 64(6):484-490.

Gaur S, Agnihotri R (2015) Alzheimer’s disease and chronic periodontitis: Is
there an association? Geriatr Gerontol Int 15(4):391-404.

Talmelli LF, Vale FD, Gratao AC, Kusumota L, Rodrigues RA (2013) Alzheimer’s
disease: functional decline and stage of dementia. Acta Paulista de Enfermagem
26:219-225.

Sobol NA, Hoffmann K, Vogel A, Lolk A, Gottrup H, et al. (2016) Associations
between physical function, dual-task performance and cognition in patients with
mild Alzheimer’s disease. Aging Ment Health. 20(11):1139-1146.

J Alzheimers Dis Parkinsonism 2022, 12:6
ISSN: 2161-0460

Volume 12 - Issue 06 « 1000556


https://onlinelibrary.wiley.com/doi/abs/10.1002/gps.4053
https://onlinelibrary.wiley.com/doi/abs/10.1002/gps.4053
https://www.nature.com/articles/gt2011126
https://www.nature.com/articles/gt2011126
https://www.sciencedirect.com/science/article/abs/pii/S0022395606000525
https://www.sciencedirect.com/science/article/abs/pii/S0022395606000525
https://www.sciencedirect.com/science/article/abs/pii/S0022395606000525
https://link.springer.com/article/10.1007/s00406-006-0652-8
https://link.springer.com/article/10.1007/s00406-006-0652-8
https://www.sciencedirect.com/science/article/abs/pii/S0022395605000026
https://www.sciencedirect.com/science/article/abs/pii/S0022395605000026
https://www.karger.com/Article/Abstract/71001
https://www.karger.com/Article/Abstract/71001
https://web.archive.org/web/20170809073050id_/http:/www.jpp.krakow.pl/journal/archive/11_06_s10/pdf/43_11_06_s10_article.pdf
https://web.archive.org/web/20170809073050id_/http:/www.jpp.krakow.pl/journal/archive/11_06_s10/pdf/43_11_06_s10_article.pdf
https://rvq-sub.sbq.org.br/index.php/rvq/article/view/163
https://rvq-sub.sbq.org.br/index.php/rvq/article/view/163
https://www.sciencedirect.com/science/article/abs/pii/S0165572815001101
https://www.sciencedirect.com/science/article/abs/pii/S0165572815001101
https://www.sciencedirect.com/science/article/abs/pii/S0165572815001101
https://www.sciencedirect.com/science/article/abs/pii/S0165572815001101
https://link.springer.com/article/10.1007/s11064-012-0750-0
https://link.springer.com/article/10.1007/s11064-012-0750-0
https://link.springer.com/article/10.1007/s11064-012-0750-0
https://www.liebertpub.com/doi/abs/10.1089/jir.2013.0085
https://www.liebertpub.com/doi/abs/10.1089/jir.2013.0085
https://www.liebertpub.com/doi/abs/10.1089/jir.2013.0085
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0064971
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0064971
https://www.sciencedirect.com/science/article/abs/pii/S1933171114005634
https://www.sciencedirect.com/science/article/abs/pii/S1933171114005634
https://www.sciencedirect.com/science/article/abs/pii/S0006322308004691
https://www.sciencedirect.com/science/article/abs/pii/S0006322308004691
https://onlinelibrary.wiley.com/doi/abs/10.1111/ggi.12425
https://onlinelibrary.wiley.com/doi/abs/10.1111/ggi.12425
https://www.scielo.br/j/ape/a/6QYKZNFvLPCq9Vp3vKqRPGC/abstract/?lang=en
https://www.scielo.br/j/ape/a/6QYKZNFvLPCq9Vp3vKqRPGC/abstract/?lang=en
https://www.tandfonline.com/doi/abs/10.1080/13607863.2015.1063108
https://www.tandfonline.com/doi/abs/10.1080/13607863.2015.1063108
https://www.tandfonline.com/doi/abs/10.1080/13607863.2015.1063108

