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The Serum Levels of Resistin and Its Relationship with Other Proinflammatory
Cytokines in Patients with Alzheimer’s Disease
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Objective: The present study aims to analyze the levels of resistin, tumor necrosis factor alpha (TNF—a), interleukin (IL)—128,
IL-6, IL—18, and C—reactive protein (CRP) in patients with Alzheimer’s disease (AD) and also investigate a potential relationship
between resistin levels and TNF—a, IL-15, IL—6, IL—18, and CRP levels in patients with AD,

Methods: The study included fifty patients with AD and 30 healthy controls with normal cognitive functions, The serum resistin,
TNF—a, IL-18, IL-6, IL—18, and CRP levels were assessed, We performed a Mini—Mental State Examination (MMSE) to evaluate
the general cognitive performance,

Results: The mean serum resistin, IL—14, IL—18, and TNF—a levels were significantly higher in patients with AD compared with
the controls (0=0,026, p=0.002, p=0.003, and p=0.038, respectively), The IL—6 and CRP levels did not differ between the groups
(p=0.874 and p=0.941). The resistin levels were positively correlated with the levels of CRP and IL—18 (r=0.526, p<0.001; r=0.402,
0=0.004, respectively). MMSE scores and inflammatory markers were not correlated (p>0.05 for all).

Conclusion: Serum resistin levels were significantly increased and correlated with some inflammatory markers in AD patients,

suggesting that resistin might play a role in the inflammatory process of AD,
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INTRODUCTION

Alzheimer’s disease (AD) is the most widespread neu-
rodegenerative disorder and the most common cause of
dementia in elderly people. AD is characterized by pro-
gressive learning and memory loss and an impairment of
other cognitive functions, ultimately resulting in dementia
and death. It has been suggested that almost 10% of the
population aged = 65 years have been affected by AD. D1t
is estimated that more than 44 million people suffered
from AD in the world in 2014, which is expected to be
doubled by 2030 as the world population ages. 12

Although the cause of AD remains elusive, amyloid be-
ta (AP)-induced neurotoxicity has been largely accepted
to be the hallmark in pathogenesis.” It has been also sug-
gested that inflammation contributes to the pathogenesis
of AD.”
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Cytokines have been detected to play a crucial role in
the neuroinflammation of AD.” Several studies have re-
ported that the AD brain exhibits an over-expression of
proinflammatory cytokines such as tumor necrosis factor
alpha (TNF-), interleukin (IL)-1p, IL-6, and IL-18.>>%
The generation of these proinflammatory cytokines caus-
es astrogliosis and microglial activation and lead to the re-
lease of other pro-inflammatory molecules, increasing the
effects of cytokine. Although the actual impact of changed
cytokines on brain functions and AD-associated degener-
ation remains unclear, many investigations suggest that
these inflammatory molecules may potently affect amyloi-
dosis, neurodegeneration, learning, and memory in AD.”

Resistin is a kind of adipokine secreted from adipocytes
and is linked to the insulin resistance. Recently, resistin
has been found to be involved in inflammation and regu-
lation of other cytokines as well.” On the other hand, some
proinflammatory cytokines can induce the expression of
resistin.” Several studies reported an increased level of re-
sistin in various inflammation-related conditions such as
ankylosing spondylitis, rheumatoid arthritis, and in-
flammatory bowel disease.*'""” Moreover, it was shown
that resistin levels were positively correlated with the
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C-reactive protein (CRP), a marker of inflammation, in
several diseases."”'¥ To the best of our knowledge, there
have been only three studies investigating the resistin lev-
els in patients with AD."*'9 These studies report sig-
nificantly elevated resistin levels compared with the
controls. However, the association between resistin levels
and IL-1, IL-6, and IL-18 has not yet been investigated in
patients with AD. An elucidation of the inflammatory me-
diators involved in the pathogenesis of AD is strongly
needed to recognize new therapeutic approaches in order
to prevent and treat the disease.” In this context, the pres-
ent study aimed to investigate the levels of resistin,
TNF-a, IL-13, IL-6, IL-18, and CRP in non-obese AD pa-
tients and compare the results with those of non-obese
healthy subjects. We also aimed to assess the possible as-
sociation between the resistin level and the TNF-a., IL-1,
IL-6, IL-18, and CRP levels and evaluate the relationship
between the Mini-Mental State Examination (MMSE)
and the laboratory parameters.

METHODS

Participants

The study included fifty patients with AD who referred
to the outpatient clinic of neurology and 30 healthy con-
trols with normal cognitive functioning. The diagnosis of
AD was determined based on the Diagnostic and
Statistical Manual of Mental Disorders 4th edition, text re-
vision (DSM-IV-TR) criteria. All participants underwent
an elaborate neurological and psychiatric examination by
aneurologist and psychiatrist and also the MMSE, which
sought to assess the general cognitive performance.
Informed consents were obtained from all participants or
their legal representatives. The study was approved by the
ethics committee of Silleyman Demirel University,
School of Medicine (17/12/2014 - 213).

Subjects with a history of malignant disease, diabetes
mellitus, hypertension, liver failure, renal failure, ische-
mic heart disease, congestive heart failure, obesity, thy-
roid disorders, metabolic disease, body mass index (BMI)
over 25, cerebrovascular accident, with active infection or
other inflammatory diseases, and receiving anti-inflam-
matory drugs were excluded from the study. Participants’
age, gender, BMI, and MMSE scores were recorded. BMI
was calculated as weight in kilograms divided by height in
meters squared (kg/mz).

Serum Samples
Venous blood samples were taken from all subjects and

immediately centrifuged at a speed of 4,000 rpm for 10
minutes to obtain serum. All sera samples of the partic-
ipants were stored at —80°C instantly after separation
from peripheral blood prior to the analysis. Serum IL-1f,
IL-6, IL-18, TNF-a, and resistin concentrations were de-
termined by Specific ELISA kits (IL-1p, IL-6, TNF-a:
AviBion, Orgenium Laboratories, Finland; IL-18:
Invitrogen, Carlsbad, CA, USA; resistin: R&D System:s,
Minneapolis, MN, USA) according to the manufacturer’s
recommendation. The absorbance of samples was meas-
ured at 450 nm using an Organon Teknika 530 Microplate
Reader (Anthos Labtec Instruments GmbH, Salzburg,
Austria). The IL-18, IL-6, IL-18, TNF-o., and resistin con-
centrations were determined by interpolation on the stand-
ard curve created by the absorbance of the standards.
Serum IL-1pB, IL-6, IL-18, and TNF-a concentrations
were expressed in pg/ml. Serum resistin concentrations
were expressed in ng/mL. Serum CRP levels were meas-
ured by means of a particle-enhanced immunonephelome-
try using Siemens BN-ProSpec System (Siemens Health-
care Diagnostics Products GmbH, Marburg, Germany).
Serum CRP concentrations were expressed in mg/L.

Statistical Analysis

We performed a statistical analysis on the SPSS soft-
ware (version 15; SPSS Inc., Chicago, IL, USA). The dis-
tribution of normality for all continuous variables was de-
termined by a Kolmogorov-Smirnov test. We employed
descriptive statistics to report the data analysis expressed
as mean+standard deviation. A chi-square test was used to
compare categorical variables presented as the number of
cases and percentages. Differences between the groups
were analyzed with the Student’s 7-test and Mann-Whitney
U-test. Correlations between the variables were identified
using the Pearson’s and Spearman’s rank correlation tests.

RESULTS

The present study included fifty patients with AD (31 fe-
males and 19 males) and 30 healthy subjects (18 females
and 12 males). There was no age and gender difference be-
tween the patients and controls (p=0.10, p=0.85, re-
spectively). The mean MMSE scores were 17.7+5.62 in the
AD group. The mean serum resistin, IL-1f3, IL-18, and
TNF-a levels were significantly higher in patients with AD
compared with the controls (p=0.026, p=0.002, p=0.003,
and p=0.038, respectively). The IL-6 and CRP levels were
not significantly different in patients with AD than the con-
trol group (p=0.874 and p=0.941). The demographic and
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Table 1. The demographic, clinical and laboratory parameters in
patients with Alzheimer’s disease (AD) and controls

AD (n=50) Controls (n=30) p value
Age (yn) 75.8+8.01 73.1£5.73 0.101
Sex (F/M) 31 (62.0)/19 (38.0) 18 (60.0)/12 (40.0)  0.859
MMSE 17.7+5.62 27.4+1.19 <0.001
BMI (kg/m?) 22.9+1.82 22.8+2.03 0.824
CRP (mg/L) 6.97+6.28 6.62+5.68 0.941
IL-18 (pg/ml) 11.8+51.8 1.69+4.95 0.002
IL-6 (pg/ml) 19.4+88.5 14.0£50.7 0.874
IL-18 (pg/ml) 117.97+133.59 61.5+40.2 0.003
TNF-a (pg/ml) 148.94+202.21 64.0+84.8 0.038
Resistin (ng/mL) 2.42+0.74 2.11+0.56 0.026

Values are presenfed as mean*standard deviation or number (%).
F. female; M, male; BMI, body mass index; MMSE, Mini-Mental
State Examination; CRP, C-reactive protein; IL, interleukin; TNF-a,
tumor necrosis factor alpha.

clinical features and serum resistin, IL-103, IL-6, IL-18,
TNF-a, and CRP levels are presented in Table 1.

The resistin levels were positively correlated with the
levels of CRP and IL-18 (r=0.526, p < 0.001 and r=0.402,
p=0.004). Correlation between the levels of resistin and
CRP are demonstrated in Figure 1. The MMSE scores
were not statistically correlated with the levels of resistin,
IL-1B, IL-6, IL-18, TNF-a, and CRP (p>0.05 for all).
The correlations between resistin and other laboratory pa-
rameters as well as those between MMSE and laboratory
parameters are shown in Table 2.

DISCUSSION

The present study found that the levels of resistin,
IL-1B, IL-18, and TNF-a were significantly higher in pa-
tients with AD than healthy controls. The resistin levels
were positively correlated with the levels of CRP and
IL-18.

Resistin, a member of a secretory protein family, has
proinflammatory properties.” The primary sources of re-
sistin in humans include macrophages, polymorphonu-
clear cells, and bone marrow cells. Similar to several other
inflammatory cytokines, circulating resistin down-
regulates the expression of endothelial nitric oxide, upre-
gulates endothelial permeability, elevates adhesion mole-
cule expression and oxidative stress, activates the pro-
liferation and migration of smooth muscle cells, and caus-
es endothelial dysfunction, which results in vascular
dysfunction.s’g’”’lg) Several studies demonstrated that re-
sistin played an importance role in a variety of conditions
such as ankylosing spondylitis, rheumatoid arthritis, athe-
rosclerosis, and inflammatory bowel disease.”'” Recently,
Dong et al® reported that those patients with acute cere-
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Fig. 1. Correlation between the levels of resistin and C-reactive
protein (CRP).

Table 2. The correlation between MMSE and laboratory para-
meters and between resistin and other laboratory parameters.

MMSE Resistin (ng/mL)

r p value r p value
CRP (mg/L) —0.125 0.432 0.526 <0.001
IL-1B8 (pg/ml) -0.117 0.419 0.279 0.050
IL-6 (pg/ml) -0.114 0.431 0.118 0414
IL-18 (pg/ml) —0.075 0.603 0.402 0.004
TNF-a. (pg/ml) —0.206 0.151 0.128 0.375
Resistin (ng/mL)  —0.198 0.169 - -

MMSE, Mini-Mental State Examination; CRP, C-reactive protein; IL,
interleukin; TNF-a, tumor necrosis factor alpha.

bral infarction had increased levels of resistin compared to
healthy subjects, suggesting an association between re-
sistin levels and elevated risk of acute cerebral infarction.
Zhang et al."” found increased serum resistin levels in pa-
tients with anti-acetylcholine receptor antibody-positive
generalized myasthenia gravis and anti-acetylcholine re-
ceptor antibody-positive myasthenia gravis with thymo-
ma and reported a correlation between serum resistin lev-
els and the severity of disease. Moreover, a study inves-
tigating resistin levels in episodic migraine demonstrated
that pretreatment ictal resistin levels increased with elevat-
ing pain severity and reduced after successful treatment.””

Currently, very little is known about the impact of re-
sistin on AD. Hu ef al."” found that the resistin level of
cerebrospinal fluid was different in AD patients compared
to the healthy subjects with normal cognitive functions.
The researchers suggested that resistin was particularly
related to AD alongside AP42 and thrombospondin-1. A
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recent study by Kizilarslanoglu et al? analyzed the re-
sistin levels in patients with AD. The researchers demon-
strated that resistin levels of patients with AD were sig-
nificantly higher than healthy controls while h-CRP and
TNF-a were not different between the groups. Also, they
reported that overall accuracy of resistin in determining AD
was 70.66% and resistin was negatively correlated with
MMSE. Leung et al” reported that resistin was sig-
nificantly associated with abnormal cerebrospinal fluid
AB1-42 levels. In line with the results of the previous stud-
ies,”'® we found that resistin levels were significantly
higher in AD patients compared with the controls.
Although there have been several hypotheses available
for the etiopathology of AD, it is well-known that there is
a chronic inflammatory process in the brain of AD."
Activated microglia and astrocytes excessively secrete in-
flammatory components including pro-inflammatory cy-
tokines, reactive oxygen species, chemokines, macro-
phage inflammatory proteins, and complements.” Those
inflammatory molecules secreted, certain cytokines in
particular, disturb the balance of normal neurophysiologic
condition, which is related to cognition, learning, and
memory.7’23) Several studies have analyzed various cyto-
kines and other inflammatory marker levels in AD.?"
Tan et al.”” reported that individuals whose peripheral
blood mononuclear cells spontaneously produced TNF-o
or IL-1 were exposed to a higher risk of developing AD.
Malaguarnera et al® reported higher concentrations of
IL-18 in AD patients compared to the patients with vas-
cular dementia and non-demented subjects. Moreover,
several studies reported elevated peripheral IL-6 levels in
patients with AD.*"*® However, Lanzrein ez al.”” did not
find significant differences between patients with AD and
healthy subjects in terms of average serum IL-6, IL-1p,
soluble TNF receptors types I and II, IL-1 receptor antago-
nist, TNF-a, and alpha 1-antichymotrypsin levels.
Further, although several studies have reported a relation-
ship between the hs-CRP and AD,”* some studies do not
support this relationship.3’24’30) A meta-analysis investigat-
ing the cytokines in AD demonstrated that peripheral
blood levels of IL-1p, IL-6, IL-12, IL-18, TNF-a, and
transforming growth factor-§ were significantly elevated
in AD patients compared with the healthy subjects, while
the levels of interferon- 7 , IL-4, IL-8, IL-10 and CRP did
not differ between the groups.3°) In the present study, we
found that levels of IL-1p, IL-18, and TNF-a were sig-
nificantly higher in AD patients compared with the
healthy controls but the levels of IL-6 and CRP did not dif-
fer between patients with AD and healthy controls. Such

contradictory results may be explained by the biological
instability and short half-lives of the cytokines, and differ-
ent sample sizes.”?"

A positive association has been demonstrated between
resistin and many inflammatory markers such as TNF-a,
CRP, and lipoprotein-associated phospholipase A2 under
various pathophysiological conditions. P9 10 the present
study, in addition to CRP and TNF-a, we also evaluated
the association between levels of resistin and IL-1[3, IL-6,
and IL-18 in patients with AD for the first time. Our study
showed that resistin levels were positively correlated with
CRP and IL-18 levels. Therefore, our results suggest that
resistin may play a role in the inflammatory process of
AD. However, regarding the MMSE, we were unable to
find a statistically significant correlation of the levels of
resistin and other inflammatory markers with MMSE
scores. Kizilarslanoglu et al” reported a negative correla-
tion between resistin levels and MMSE scores. Yasutake
et al.”® found no correlation between the IL-1(, TNF-a
levels and the MMSE scores in patients with AD. A study
by Wu et al*® showed no correlation between neuro-
cognitive scores and levels of IL-6, IL-18, fractalkine, and
tumor necrosis factor-related apoptosis-inducing ligand.
This indifference of our results may be related to the small
sample size.

The present study is subject to a series of limitations
which must be considered while interpreting the results.
The cross-sectional structure is one of them. The number
of patients included in this study was relatively small to
project the findings to the general population. Moreover,
our study was performed in a single institute, which also
limited the generalizability of findings to the AD
population. The missing data on lipid parameters were an-
other limitation.

In conclusion, our study revealed a significant increase
in resistin levels in patients with AD than the controls.
Also, levels of resistin were found to be positively corre-
lated with the levels of CRP and IL-18. These findings may
be linked to the chronic inflammation in AD. The present
study may contribute to further studies including a wider
range of populations in order to investigate a novel ther-
apy for reversing or arresting the disease in the case of AD.
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