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Abstract: Alzheimer’s disease is chronic neurodegenerative disease. The development of Alzheimer’s disease is
associated with immunologic mechanism, including interleukin-1. IL-1 is an important inflammatory cytokines for
inducing inflammatory response and the defense response. In the currently study, we performed a study to investi-
gate the correlation between the role of IL-1a rs1800587, IL-1B rs1143627, IL-18 rs187238 and IL-33 rs11792633
and rs7044343 genetic polymorphisms and risk of Alzheimer’s disease, and gene-environmental interaction for the
risk of this disease. A total of 227 patients with Alzheimer’s disease and 227 controls were included into our study
between March 2013 and March 2015. Polymerase chain reaction (PCR)-restriction fragment length polymorphism
method was taken to genotype the IL-1a rs1800587, IL-1P rs1143627, 1L-18 rs187238 and IL-33 rs11792633
and rs7044343. Individuals carrying with the CT genotype of IL-1a rs1800587 had a higher risk of Alzheimer’s dis-
ease when compared with those carrying the CC genotype (OR=1.96, 95% CI=1.15-3.38). In dominant model, the
CT+TT genotype of IL-1a rs1800587 was associated with an increased risk of Alzheimer’s disease in comparison
with the CC genotype (OR=1.91, 95% CI=1.15-3.23). For the IL.-33 rs11792633, we observed that the TT genotype
was significant related to a lower risk of Alzheimer’s disease when compared with the CC genotype (OR=0.33, 95%
Cl=0.19-0.58). Moreover, the 1L.-33 rs11792633 was significant associated with a reduced risk of Alzheimer’s dis-
ease in dominant (OR=0.54, 95% CI=0.35-0.85) and recessive (OR=0.42, 95% CI=0.26-0.66) models. However,
no significant association was reported between IL-13 rs1143627, IL-18 rs187238 and IL-33 rs7044343 and risk
of Alzheimer’s disease. A significant interaction was found between family history of Alzheimer’s disease and IL-1«
rs1800587 (Correlation coefficient=0.068, P=0.03) and IL.-33 rs11792633 (Correlation coefficient=0.091, P=0.01)
polymorphisms in the risk of Alzheimer’s disease. In conclusion, our study suggests that the IL-1a SNP rs1800587
and I.-33 rs7044343 could influence the susceptibility to Alzheimer’s disease.
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Introduction

Alzheimer’s disease is chronic neurodegenera-
tive disease, and the occurrence of this disease
develops slowly, but it becomes deteriorate
over time [1]. It is reported that about one to
two percentage of population with age above
65 years develop Alzheimer’s disease [2]. It is
estimated that about 30% of population would
develop this disease [3]. Many environmental
and genetic factors contribute to the develop-
ment of Alzheimer’s disease. The environmen-
tal factors include age, brain trauma, long term

consumption of alcohol drinking and tobacco
smoking, lack of exercise, poor nutrition, lonely
and depression. However, about 58% of
patients with Alzheimer’'s disease would be
attributed to heritability factors [4-6]. Moreover,
not all patients would develop Alzheimer’s dis-
ease even when they are exposure to similar
risk factors of this disease, which indicate that
the genetic factors may have a critical role in
the pathogenesis of this disease. Previous
molecular epidemiologic studies have indicated
that many genetic factors are associated with
the risk of occurrence of Alzheimer’s disease,
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Table 1. Forward and reverse primers for IL-1a rs1800587, IL-103 rs1143627, 1.-18 rs187238 and

IL-33 rs11792633 and rs7044343

SNPs Forward

Reverse

IL-1a rs1800587
IL-1B rs1143627
IL-18 rs187238
IL-33rs11792633
IL-33rs7044343

ACGTTGGATGTGGAGAAGAGGCAG
AGCTTGGATGATTCTCAGCCTCCTAC
AGCTTGGATGACAGAGCCAACTTAC
ACGTTGGATGAGACTGATATCCTGTT
ACGTTGGATGGAGAGTTGTGAATGG

ACGTTGGATGGGCCACAAGGATTAT
ACGTTGGATGCCTCGAAGAGGTTGT
AGCTTGGATGGCAGAGGATACGACC
ACGTTGGATGAGTCAGCATCACTGGC
ACGTTGGATGTTGGGTGACACTATGAG

such as cytochrome P450 family 19 subfamily
A member 1 gene, ATP binding cassette sub-
family B member 1 gene, apolipoprotein E gene,
clusterin gene, nuclear receptor-y gene, inositol
hexakisphosphate kinase 3 gene and translo-
case of outer mitochondrial membrane 40
gene [7-13].

Previous studies have shown that the inflam-
mation plays an important role in the individu-
al's immune response and neural immune
response, and thus contributes to the develop-
ment of nervous system degenerative disease
[14]. The development of Alzheimer’s disease is
associated with immunologic mechanism,
including interleukin-1, IL-8, IL-6 and tumor
necrosis factor-a (TNF-o&) and macroglobulin-c.
Genotype polymorphisms of encoding these
cytokines could influence the biological activity
of cytokines for the pathogenesis of Alzheimer’s
disease through regulation of gene transcrip-
tion, translation and the secretion process [1,
15]. IL-1 is an important inflammatory cytokines
for inducing inflammatory response and the
defense response [1]. IL-1 could promote neu-
ron synthesis and perform amyloid precursor
protein-B, facilitate the deposition of amyloid
protein, active astrocytes, and promote the
release of many inflammatory factors and
nerve activity [16]. IL-18 and IL-33 are two new
family members of IL-1. IL-18 is an important
regulatory factor for innate and adaptive
immune response, which is involved in the early
pathogenesis of Alzheimer’s disease [15, 17].
IL-33 is a nuclear transcription factor to regu-
late the transcription process and reduce the
generation of cells [18]. The genotype polymor-
phisms of IL-1, IL-18 and IL-33 could influence
the expression of protein, and thus they could
contribute to the development of diseases. In
the currently study, we performed a study to
investigate the correlation between IL-1a
rs1800587, IL-1B rs1143627, IL-18 rs187238
and IL-33 rs11792633 and rs7044343 genetic
polymorphisms and risk of Alzheimer’s disease,
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and gene-environmental interaction for the
development of this disease.

Material and methods

Each patient signed a written inform consent
for the study objectives before participating
into our study. The performance of the study
protocol obtained the permission from the
Ethics committee of the First Affiliated Hospital,
and College of Clinical Medicine of Henan
University of Science and Technology.

Subjects

Atotal of 227 patients with Alzheimer’s disease
were included into our study between March
2013 and March 2015 at The First Affiliated
Hospital, and College of Clinical Medicine of
Henan University of Science and Technology.
The diagnosis of Alzheimer's disease was
according to the NINCDS-ADRDA criteria pro-
posed by the Department of Health and Human
Services Task Force on Alzheimer’s disease
(McKhann et al.,, 1984), and diagnosed by a
neurologist. The inclusion criteria for Alzh-
eimer’s disease were as follows: (1) Mini-men-
tal Status examination (MMSE) value less than
threshold value; Hamilton depression scale
value <7; and Hachinski value <4. The exclu-
sion criteria were those having myocardial
infarction, heart failure, stroke, diabetes, ath-
erosclerosis and auto-immune disease. The
mean age of included patients was 70.50+6.43
years. There were 102 males and 125 females
in patients with Alzheimer’s disease.

Between March 2013 and March 2015, a total
of 227 control subjects were collected from the
department of gastroenterology, orthopedics,
dermatology and respiratory departments. The
controls were matched with patients by sex and
age (x5 years). All the controls were confirmed
to be without Alzheimer’s disease. Controls
with a history of myocardial infarction, heart
failure, stroke, diabetes, atherosclerosis and
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Table 2. Baseline information of patients with Alzheimer’s disease and

stored in tubes with

controls 5% ethylenediamine-
‘ ‘ X2 ort tetraacetic acid (ED-
Variables Patients (%) Controls (%) values TA) at -20°C. The
Sex DNA was extracted
Male 102 (44.93) 102 (44.93) 0.00  1.00 g‘;mwit:hetifcz;:aanx
Female 125 (565.07) 125 (55.07) DNA MAX Kit (Qia-
Age, year 70.50+6.43 71.20+6.60 1.14 0.13 .
gen, Hilden, Germa-
BMI, kg/m? ny), according to
<24 153 (67.40) 150 (66.08) instructions. Polyme-
>24 74 (32.60) 77(33.92) 0.09 0.77 rase chain reaction
Brain trauma (PCR)-restriction fra-
No 14 (6.17) 6 (2.64) gment length poly-
Yes 213(93.83) 221 (97.36) 3.35 0.07 morphism method
Tobacco smoking was used to geno-
No 156 (68.72) 151 (66.52) type the IL-1a rs-
Yes 71(31.28) 76(33.48) 025 0.62 1800587, IL-1B rs-
Alcohol drinking 1;?;’2;7' ar'}'ji gss
No 146 (64.32) 158 (69.60
Yes 81 ((35.68)) 69 ((30.40)) 1.43 0.23 611792633 and rs-
- ) ) 7044343. The forw-
Family history of Alzheimer’s disease ard and reverse pri-
No 197 (86.78) 223 (98.24) mers for IL-la rsi8-
Yes 30(13.22) 4 (1.76) 21.49 <0.001 00587, IL-1B rs114-
TC, mmol/L 5.36£0.72 5.22+0.75 2.03 0.02 3627, IL-18 rs1872-
TG, mmol/L 1.89+1.23 1.91+1.25 0.17 0.43 38 and IL-33 rsi11-
LDL-c, mmol/L 2.51+0.87 2.47+0.90 0.48 0.32 792633 and rs704-
HDL-c, mmol/L 1.35+0.44 1.31+0.46 0.95 0.17 4343 were shown

auto-immune disease were excluded from our
study. The mean age of included patients was
71.20+6.60 years. There were 102 males and
125 females in patients with controls, respe-
ctively.

The baseline and clinical characteristics of
included subjects were shown in Table 1. The
demographic characteristics of Alzheimer’s dis-
ease patients and control subjects were col-
lected by a structured questionnaire, including
sex, age, brain trauma, body mass index (BMI),
family history of Alzheimer’s disease, tobacco
smoking, and alcohol drinking. The clinical
characteristics were obtained from medical
records, including total cholesterol (TC), triglyc-
eride (TG), low-density lipoprotein cholesterol
(LDL-c) and high density lipoprotein cholesterol
(HDL-c).

DNA extraction and genotyping analysis

Each subject gave his 5 ml peripheral blood
(5 mL), and the collected blood sample was
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in Table 1. The PCR

amplification was do-
ne in a 25-uL reaction mixture, and this mixture
contained 20 pmol each primer, 0.25 mM
4xdNTPs, 2.0 mM MgCIZ, 2.5 yL 10X buffer and
0.5 yL DNA as well as 1.25 U Tag DNA poly-
merase. The PCR amplification reaction was
done as follows: initial denaturation at 95°C for
60 seconds; 30 cycles of denaturation at 96°C
for 45 seconds, annealing at 66°C for 45 sec-
onds, extension at 72°C for 60 seconds; and a
final extension at 72°C for 5 minutes. The PCR
products of IL-1a rs1800587, IL-13 rs1143627,
IL-18 rs187238 and IL-33 rs11792633 and
rs7044343 were determined by 3% agarose
gel electrophoresis and EB staining.

Statistical analysis

The categorical variables were expressed as
frequencies (N) and percentages (%) of total,
and the continuous variables were described
as mean #* standard deviation. The differences
of the categorical and continuous variables
between the two investigated groups were
compared using the Chi-square test or stu-
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Table 3. Genotype distributions and Hardy-Weinberg equilibrium in the two investigated groups

Genotype Patients (%) Controls (%)

HWE in patients HWE in controls
X P e P

X2 P value

IL-1a rs1800587

cC 175 (77.09) 196 (86.34)

CT 49 (21.59) 28 (12.33)

T 4 (1.76) 3(1.32)
IL-1B rs1143627

T 61 (26.87) 74 (32.60)

CT 112 (49.34) 107 (47.14)

cC 54 (23.79) 46 (20.26)
IL-18 rs187238

GG 177 (77.97) 161 (70.93)

GC 47 (20.70) 62 (27.31)

cC 3(1.32) 3(1.32)
IL-33 rs11792633

cC 75 (33.04) 48 (21.15)

CT 114 (50.22) 105 (46.26)

T 38 (16.74) 74 (32.60)
IL-33rs7044343

T 79 (34.80) 76 (33.48)

TC 111 (48.90) 101 (44.49)

CC 37 (16.30) 49 (21.59)

7.06 0.03 0.07 079 274 0.10

2.01 037 0.03 085 041 0.52

2.82 0.24 0.004 095 121 0.27

1787 <0.001 0.23 063 0.89 0.35

2.20 033 004 085 197 0.16

dent’s t-test. Whether the genotype frequen-
cies were departure from Hardy-Weinberg equi-
librium (HWE) was analyzed by Chi-square
goodness of fit test. The correlation between
the IL-1a rs1800587, IL-1B rs1143627, IL-18
rs187238 and IL-33 rs11792633 and
rs7044343 polymorphisms and risk of Alzhei-
mer’'s disease was analyzed using multiple
variable logistic regression analysis, and the
results were described using the odds ratios
(OR) and their 95% confidence intervals (95%
Cl). Three genetic models were taken to ana-
lyze, including co-dominant, dominant and
recessive models. The gene-environmental
interaction was performed using Spearman
correlation analysis. All the analysis was done
using SPSS Statistics for Windows, Version
17.0. (SPSS Inc., Chicago, USA) P value less
than 0.05 was considered as statistical
significance.

Results

The demographic and clinical variables of
patients with Alzheimer’s disease and controls
were shown in Table 2. When comparing with
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the controls, we observed that patients with
Alzheimer’s disease were apt to have a family
history of Alzheimer's disease (x?>=21.49,
P<0.001) and have higher level of TC (t=2.03,
P=0.02). However, there were no significant dif-
ferences were found between patients with
Alzheimer’s disease and controls in terms of
sex (x?=0.00, P=1.00), age (t=1.14, P=0.13),
BMI (x?=0.09, P=0.77), brain trauma (x?>=3.35,
P=0.07), tobacco smoking (x?=0.25, P=0.62),
alcohol drinking (x>=1.43, P=0.23), and levels
of TG (t=0.17, P=0.43), LDL-c (t=0.48, P=0.32)
and HDL-c (t=0.95, P=0.17).

The genotype distributions of IL-1a rs1800587,
IL-1B rs1143627, IL-18 rs187238 and IL-33
rs11792633 and rs7044343 were shown in
Table 3. Comparison with the controls, we
observed significant differences in the geno-
type distributions of IL-1a rs1800587 (x2=7.06,
P=0.03) and IL-33 rs11792633 (x?=17.87,
P<0.001) between patients with Alzheimer’s
disease and controls. However, no significant
differences were observed in IL-1B rs1143627
(x?=2.01, P=0.37), IL-18 rs187238 (x2=2.82,
P=0.24) and IL-33 rs11792633 (x?=2.20,
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Table 4. Multiple regression analysis between IL-1a rs1800587,

IL-1B rs1143627, 1L-18 rs187238 and IL-33 rs11792633 and
rs7044343 and risk of Alzheimer’s disease

Multiple logistic regression

Genotype Patients (%) Controls (%) analysis
OR (95% CI)* P
IL-1ax rs1800587
Co-dominant
cC 174 (76.65) 197 (86.78) 1.0 (Ref.)
CT 49 (21.59) 27(11.89) 1.96(1.15-3.38) 0.01
T 4 (1.76) 3(1.32) 1.12 (0.21-6.11) 0.87
Dominant
cc 174 (76.65) 197 (86.78) 1.0 (Ref.)
CT+TT 53(23.35) 30(13.22) 1.91(1.15-3.23) 0.01
Recessive
CC+CT 223 (98.24) 224 (98.68) 1.0 (Ref.)
T 4 (1.76) 3(1.32) 1.34 (0.22-9.24) 0.70
IL-1B rs1143627
Co-dominant
T 61 (26.87) 74 (32.6) 1.0 (Ref.)
CT 112 (49.34) 107 (47.14) 1.27 (0.81-2.00) 0.28
cc 54 (23.79) 46(20.26) 1.42(0.82-2.47) 0.18
Dominant
T 61 (26.87) 74 (32.6) 1.0 (Ref.)
CT+CC 166 (73.13) 153 (67.4) 1.32(0.86-2.01) 0.18
Recessive
TT+CT 173 (76.21) 181 (79.74) 1.0 (Ref.)
cC 54 (23.79) 46(20.26) 1.23(0.77-1.97) 0.36
IL-18 rs187238
Co-dominant
GG 177 (77.97) 161 (70.93) 1.0 (Ref.)
GC 47 (20.7) 62 (27.31) 0.69(0.44-1.09) 0.09
cC 3(1.32) 4 (1.32) 0.68 (0.10-4.10) 0.62
Dominant
GG 177 (77.97) 161 (70.93) 1.0 (Ref.)
GC+CC 50(22.02) 66(28.63) 0.69(0.44-1.08) 0.09
Recessive
GG+GC 224 (98.67) 223 (98.24) 1.0 (Ref.)
cc 3(1.32) 4 (1.32) 0.75(0.11-4.47) 0.70
IL-33 rs11792633
Co-dominant
cC 75(33.04) 48(21.14) 1.0 (Ref.)
CT 114 (50.22) 105 (46.26) 0.69 (0.43-1.11) 0.11
T 38 (16.74) 74 (32.6) 0.33(0.19-0.58) <0.001
Dominant
cC 75(33.04) 48(21.14) 1.0 (Ref.)
CT+TT 152 (66.96) 179 (78.86) 0.54 (0.35-0.85) 0.004
Recessive
CC+CT 189 (83.26) 153 (67.4) 1.0 (Ref.)
T 38 (16.74) 74 (32.6) 0.42(0.26-0.66) <0.001
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P=0.33) genotype distri-
butions between the two
studied groups.

The correlation between
-l rs1800587, IL-1B
rs1143627, 1L-18 rs1872-
38 and IL-33 rs11792633
and rs7044343 and risk of
Alzheimer’'s disease were
described in Table 4. For
IL-1a rs1800587, individu-
als carrying with the CT
genotype had a higher
risk of Alzheimer’s disease
when compared with those
carrying the CC genotype
(OR=1.96, 95% Cl=1.15-
3.38). In dominant model,
the CT+TT genotype of IL-
la rs1800587 was asso-
ciated with an increased
risk of Alzheimer’s disease
in comparison with the
CC genotype (OR=1.91,
95% Cl=1.15-3.23). For
the 1L-33 rs11792633, we
observed that the TT geno-
type was significant rela-
ted to a lower risk of
Alzheimer’'s disease when
compared with the CC gen-
otype (OR=0.33, 95% ClI=
0.19-0.58). Moreover, the
IL-33 rs11792633 was sig-
nificant associated with a
reduced risk of Alzheimer’s
disease in dominant (OR=
0.54, 95% CIl=0.35-0.85)
and recessive (OR=0.42,
95% CI=0.26-0.66) mod-
els. However, no significant
association was reported
between IL-1B rs1143627,
IL-18 rs187238 and IL-33
rs7044343 and risk of
Alzheimer’s disease.

The gene-environmental in-
teraction analysis found a
significant interaction be-
tween family history of
Alzheimer’'s disease and
ILlx rs1800587 (Corre-
lation  coefficient=0.068,
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11-:33 rs7044343
Co-dominant

phisms and risk of Al-
zheimer’'s disease. Our
study has found that the

T 79 (34.80) 76 (33.48) 1.0 (Ref.) Lo 151800587 and IL
TC 111 (48.90) 101 (44.49) 1.06 (0.68-1.63) 0.79 33 1511792633 polymor-
cc 37(16.30) 49 (21.59) 0.73(0.41-1.28) 0.24 ohisms contribute to the
Dominant development of Alzheimer’s
T 79 (34.80) 76 (33.48) 1.0 (Ref.) disease in a Chinese po-
TC+CC 148 (65.20) 150 (66.08) 0.95 (0.63-1.43) 0.79 pulation.
Recessive
TT+TC 190 (83.70) 177 (77.97) 1.0 (Ref) The main pathological ch-
cc 37(16.30) 49 (21.59) 0.70 (0.42-1.16) 0.14 anges of Alzheimer's dis-

*Adjusted for family history of Alzheimer's disease and TC.

Table 5. Gene-environmental interaction between IL-1a rs1800587
and IL-33 rs11792633 polymorphisms and environmental factors in

the risk of Alzheimer’s disease

ease are accompanied by
activation of glial cells, and
the activated glial cells are
related with high expres-
sion of IL-1, IL-6 and IL-8.
These inflammation factors

IL-1a rs1800587

IL-33 rs11792633

could promote the death of

neurons and increase the

Variabl i i .

ariables Corre'la't|on P Corrella'Uon P pathological changes of
coefficient value coefficient value . , .

- 0.032 01 0.020 013 Alzheimer’s disease thro-
_ ' ’ ' ' ugh initiation of immuno-
Brain trauma 0.027 0.52 0.023 0.64 |0g|C cascade [19] The ”_'1
Tobacco smoking 0.019 0.67 0.027 0.61 and its family members,
Alcohol drinking 0.022 0.55 0.037 0.22 such as IL-18 and IL-33, are
Family history of Alzheimer’s disease 0.068 0.03 0.091 0.01 associated with the devel-
TC, mmol/L 0.041 0.24 0.031 0.45 opment of Alzheimer’s dis-
TG, mmol/L 0.037 047 0.028 0.58 ease. Therefore, the Alzh-
LDL, mmol/L 0039 019 0030 051  €imersdiseaseisa chronic
HDL-c, mmol/L 0032 028 0035 0.36 inflammatory disease. IL-1

P=0.03) and I-33 rs11792633 (Correlation
coefficient=0.091, P=0.01) polymorphisms in
the risk of Alzheimer’'s disease (Table 5).
However, no other gene-environmental interac-
tions were observed.

Discussion

Currently, the candidate gene approach is often
used to screen for and identify genes associat-
ed with disease susceptibility and the develop-
ment/progression of diseases. The replace-
ment, deletion, or insertion of a single nucleo-
tide within the genome, otherwise known as
single nucleotide polymorphism, is known to be
essential in regulating and modifying protein
expression, and can contribute to individual
disease susceptibility. In the present study, we
performed a 1:1 matched case-control study to
investigate the possible correlation between
IL-1a, IL-AB, IL-18 and IL-33 gene polymor-
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gene can induce inflamma-
tory reaction and the body
defense reaction, and can regulate multiple
effect proinflammatory factor in immune inflam-
mation mechanism. IL-1 consists of three
homologous proteins, including IL-1a, IL-1B
and IL-1Ra. These proteins were located at
2q12~9g21, which consists of IL-1 gene cluster.
Genetic polymorphisms were observed in the
three genes.

Currently, several studies have indicated that
the association between IL-1 gene polymor-
phisms and risk of nervous system diseases,
such as brain abscess, acute stroke, astrocy-
tes and neuropsychiatric symptoms [20-23].
Currently, many studies have reported the
association between IL-1 gene polymorphisms
and development of Alzheimer’s disease, but
the results are inconsistent [24-28]. Hua et al.
(2012), Li et al. (2013) and Tian et al. (2014)
reported that IL-1a SNP rs1800587 was
associated with the development of Alzhei-

Int J Clin Exp Pathol 2017;10(2):2127-2134
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mer’s disease [24, 26, 28]. A recent meta-anal-
ysis indicated that IL-1ax SNP rs1800587 was
only associated with the risk of Alzheimer’s dis-
ease in Caucasians, but not in Asians [29]. The
results of our study are partly associated with
previous results.

Only three previous studies revealed an asso-
ciation between IL-33 polymorphism and risk
of Alzheimer’s disease [28, 30, 31]. Three stud-
ies have indicated that the IL-33 rs7044343
polymorphisms reduce the susceptibility to
Alzheimer’s disease, and our results are in line
with previous studies. Moreover, we found that
IL-1ax SNP rs1800587 and IL-33 rs7044343
polymorphisms have interaction with family his-
tory of Alzheimer’s disease in the risk of this
disease, which suggest that the IL-1a SNP
rs1800587 and IL.-33 rs7044343 genetic vari-
ations are hereditary molecular factors.

One limitation should be pay attention to. The
investigated subjects were recruited from only
one place and hospital in China. This would not
be sufficiently representative of other popula-
tions and cause selection bias in this study. In
conclusion, our study suggests that the IL-1a
SNP rs1800587 and IL-33 rs7044343 could
influence the susceptibility to Alzheimer’s dis-
ease. Further studies with more sample size
are greatly required to confirm the findings of
our study.
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