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ABSTRACT. The pathogenesis of Parkinson Disease (PD) remains poorly understood; however, inflammation is
thought to play an important role in disease progression. Recent reports suggest that IL-1, a major proinflam-
matory cytokine, might play a role in PD progression. The purpose of this study was to determine the relation-
ship between IL-1 gene family polymorphisms [IL-1α (-889), IL-1Ra (VNTR) and IL-1β (-511, +3953)] and PD
in the Turkish population. In this study, we examined the genotypes of IL-1 gene family polymorphisms in
365 individuals, of which 199 were healthy control subjects and 166 were PD patients. No significant differences
were found in the genotype distribution or in the allele frequencies of IL-1α (-889), IL-1Ra (VNTR) and IL-1β
(+3953) between PD cases and control subjects. However, distribution of the IL-1β -511 2/2 (T/T) genotype was
found to be significantly lower in PD patients than in healthy controls (p = 0.018, x2: 8.242, OR: 2.211, 95% CI:
1.261-3.877). In addition, the IL-1β -511 allele 1 (C) frequency was significantly elevated in PD patients versus
controls (p = 0.048, x2: 3.87, OR: 1.178, 95% CI: 0.999-1.388). These results suggest that IL-1α (-889), IL-1Ra
and IL-1β (+3953) gene polymorphisms have no association with PD, while allele 1 (C) of IL-1β (-511) is associ-
ated with PD and may provide a susceptibility factor for this disease in the Turkish population. Furthermore,
the 2/2 (T/T) genotype of IL-1β (-511) may protect individuals from PD.
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Parkinson Disease (PD), is the second most common
neurodegenerative disease after Alzheimer’s disease
(AD), and was first described by James Parkinson in
1817 [1]. Tremor, akinesia, bradykinasia, hypomimia,
decreased eye blinking, and hypophonia are the clinical
features of PD [2]. These symptoms develop because of
the dopaminergic neuron loss in the substantina nigra
(SN) pars compacta region of the PD patient’s brain [3].
According to the epidemiological studies, 95% of PD
cases are sporadic, while 5% are familial based [4]. Muta-
tions within genes such as parkin, ubiquitin C terminal
L1, and alpha synuclein have been linked with familial
PD [5]. Although the etiology of sporadic PD is not well
established, it is suggested that environmental toxins,
oxidative stress, mitochondrial dysfunction and genetic
factors are involved [6-8]. Recently, chronic inflamma-
tion, caused by the action of activated microglia cells,
has also been shown specifically in the SN area of the
PD brain [9].

Interleukin-1 (IL-1) is a major pro-inflammatory cytokine
and has been shown to be involved in sepsis, trauma,
infection and inflammation [10, 11]. The IL-1 family
consists of three members: interleukin-1 alpha (IL-1α),
interleukin beta (IL-1β) and IL-1 receptor antagonist
(IL-1Ra). In terms of activity, the IL-1 family has
two agonists (IL-1α and IL-1β), and one antagonist
(IL-1Ra). Thus, both IL-1α and IL-1β promote inflamma-
tion, while IL-1Ra inhibits IL-1-induced inflammation by
binding to the IL-1 receptor type I (IL-1RI) and blocking
IL-1α and IL-1β signaling [12]. IL-1α, IL-1Ra and IL-1β,
which are expressed from the IL-1A, IL-1RN and IL-1B
genes respectively, are highly polymorphic. Single nucle-
otide polymorphisms (SNPs) have been determined at
promoter position -889 in the IL-1α gene [13], and at
promoter position -511 C/T [14] and in exon 5 at position
+3953 C/T of the IL-1β gene [15]. There is also a length
variation within intron 2 caused by 86 base-pair variable
number of tandem repeats (VNTR) in the IL-1RN gene
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[16-18]. Both IL-1α (-889) and IL-1β (-511) 2 (T) alleles
lead to high expression of their respective proteins. Thus,
these polymorphisms are thought to play an important
role in IL-1-induced diseases [19]. This study was
designed to determine the association between PD and
IL-1 gene family polymorphisms (IL-1α (-889), IL-1Ra
(VNTR) and IL-1β (-511, +3953)) in the Turkish popula-
tion. Our results showed that neither the genotype nor the
alleles of IL-1α (-889), IL-1Ra VNTR and IL-1 β
(+3953) are associated with PD. However, IL-1β (-511)
SNP was associated with PD in the Turkish population.

DONORS AND METHODS

Subjects

A total of 166 (100 males and 66 females) PD patients
and a total of 199 age- and gender-matched healthy sub-
jects (125 males and 74 females) were included in this
study. All patients and healthy controls were of Turkish
ancestry, and gave informed consent before participating.
Subjects were excluded if they had evidence of hyperten-
sion, diabetes mellitus, cardiovascular problems, stroke,
or rheumatoid arthritis. In addition to these criteria,
healthy controls had no clinical evidence of neurological
disease or familial history of Parkinsonism, and in order
to minimize the presence of juvenile Parkinsonism,
patients with disease onset under the age of 40 were
excluded. Patients were selected from the Movement
Disorder Outpatient Clinic of Goztepe Training Hospital
Neurology Department. For the diagnosis of PD, the
United Kingdom Parkinson’s Disease Society Brain
Bank (now known as the Queen-Square Brain Bank)
clinical diagnostic criteria were used [20]. The Unified
Parkinson’s Disease Rating Scale (UPDRS) [21] and
Hoehn & Yahr scores (H&Y) [22] of all participants
were measured, in addition to physical and neurological
examinations. Disease duration, age-at-onset of disease,
predominant symptoms and duration of treatment (levo-
dopa, dopamine agonists) were documented.

Genotyping

Blood samples were taken from all 365 participants and
kept in tubes with EDTA. Genomic DNA isolation was
done as previously described [23]. The IL-1α (-889) SNP
was determined by PCR using forward and reverse pri-
mers, 5’-AAGCTTGTTCTACCACCTGAACTAGGC-3’
and 5’-TTACATATGAGCCTTCCAT-3’, respectively.
PCR cycles were as follows: (94oC, 1 min) x 1; 94oC,
30 sec, 45oC, 30 sec, 72oC, 45 sec) x 35 cycles; 72oC,
10 min) x 1. Restriction digestion was performed over-
night with 5 U Nco I at 37oC, followed by 3.5% agarose
gel electrophoresis. Nco I digestions resulted in an 83 bp
and a 16 bp fragment with allele 1 (allele C), whereas
a single 99 bp fragment was amplified in the presence
of allele 2 (allele T). The VNTR region in intron 2 of the
IL-1Ra, IL-1β (-511) and IL-1β (+3953) genes were
amplified as previously described [24].

Statistical analysis

Allele and genotype frequencies among cases and con-
trols were compared with Hardy-Weinberg predictions
using x2-analysis. For comparisons of the age-at-onset
of the disease, a Mann-Whitney U test was used. The
association between disease and genotypes was shown
by odds ratio (OR) and 95% confidence interval (CI).
Statistical significance was set at a value of p < 0.05
(2-sided). SPSS 13.0 software program was used for all
statistical analyses.

Ethics approval

This research was approved by the ethics committee of
Marmara University, in Turkey. All human rights in this
research were protected, and any necessary approval was
secured from the ethics committee. All experiments per-
formed on human subjects were conducted in accordance
with the Declaration of Helsinki. All procedures were
carried out with the adequate understanding and written
consent of the subjects.

RESULTS

The mean age and gender of the PD cases and the healthy
controls are given in table 1. None of the genotype fre-
quencies observed deviated from the Hardy-Weinberg
equilibrium. The genotype distribution and allele fre-
quency of IL-1α (-889) and IL-1Ra VNTR are shown
in table 2. Neither the IL-1α-889 genotype distribution
(p = 0.356, OR: 0.911, 95% CI: 0.653-1.566), nor the
allele frequency (p = 0.283, OR: 0.841, 95% CI:
0.621-1.155) differed between the PD patients and
healthy controls (table 2). Four genotypes of the IL-1Ra
gene were commonly seen in the PD patients and control
subjects. Among these genotypes, no significant differ-
ence was found between the PD patients and controls
(p = 0.588, OR: 0.990, 95% CI: 0.391-2.510). For the
IL-1Ra allele frequencies, no association was detected
between the controls and PD patients (p = 0.836, OR:
0.926, 95% CI: 0.387-2.216) (table 2).
The genotype distribution and allele frequency of IL-1β
(-511) in the PD and control groups are shown in table 3.
These data show that PD groups exhibited a low fre-
quency of IL-1β (-511) 2/2 (T/T) genotype compared to
healthy controls, and this difference was statistically sig-
nificant (x2: 8.242, df: 2; p = 0.018, OR: 2.211, 95% CI:
1.261-3.877). These data also show that IL-1β (-511)
C allele (allele 1) was significantly higher in frequency
when compared to healthy controls (x2: 3.87, df: 1;
p = 0.048, OR: 1.178, 95% CI: 0.999-1.388). When the
genotype distribution of IL-1β (+3953) was compared
between groups, no significant difference was observed
between the PD and control groups (p = 0.617, OR:
1.280, 95% CI: 0.521-1.141). No significant difference
was observed in the frequency of the IL-1β +3953 allele
between PD cases and controls (p = 0.901, OR: 0.978,
95% CI: 0.694-1.380) (table 3).
Since age is a major risk factor for PD, statistical analysis
was performed to evaluate the PD group data with regard
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to age-at-onset. However, no association between IL-1α
-889 or IL-1Ra VNTR allele 2 and age-at-onset was
found (p = 0.511 and p = 0.802, respectively). Although
IL-1 β -511 C/C (1/1) carriers developed PD 3.10 years
earlier than the IL-1 β -511 T/T (2/2) genotype carriers

(61.51 ± 8.8 years versus 58.41 ± 7.4 years; p = 0.289),
this difference did not reach statistical significance.
Furthermore, no association was found between the
IL-1β +3953 polymorphism and age-at-onset of PD in
the Turkish population (p = 0.705) (table 4).

Table 2
Genotype distribution and allele frequency of the IL-1 α (-889) and IL-1Ra VNTR polymorphisms in Turkish population

Genotypes PD versus
control

Alleles PD versus
control

1/1 1/2 2/2 1/3 1 2 3

IL-1α (-889)1

- Control 94 (47.2) 80 (40.2) 25 (12.6) p = 0.356 0.673 0.327 p = 0.283
- PD 82 (50) 69 (42.1) 13 (7.9) 0.710 0.290

IL-1Ra2

- Control 109 (54.8) 61 (30.7) 18 (9) 11 (5.5) p = 0.588 0.729 0.244 0.028 p = 0.836

- PD 89 (54.3) 56 (34.1) 9 (5.5) 10 (6.1) 0.744 0.226 0.030
1 P-values for IL-1α (-889) were calculated using the Chi-Square exact test with 2 x 3 contingency tables (genotype) and 2 x 2 table (allele).
2 P-values of IL-1Ra VNTR were calculated using the Chi-Square exact test with 2 x 4 contingency tables (genotype) and 2 x 3 table (allele).
Genotypes were expressed as number of patients (proportion in % within brackets), p-values were from the Chi-Square exact test.
* P < 0.05 was taken as the level of significance.

Table 3
Genotype distribution and allele frequency of the IL-1 β (-511) and (+3953) SNP polymorphisms in PD and control groups

in Turkish population

Genotypes PD versus
control

Alleles PD versus
control

1/1 1/2 2/2 1 2

IL-1β (-511)1

- Control 61 (30.7) 84 (42.2) 54 (27.1)* p = 0.018 0.518 0.482 p = 0.048

- PD 55 (33.1) 86 (51.8) 25 (15.1) 0.590* 0.410

IL-1β (+3953)2

- Control 114 (57.3) 75 (37.7) 10 (5) p = 0.617 0.761 0.239 p = 0.901

- PD 98 (59.8) 55 (33.5) 11 (6.7) 0.765 0.235
1 P-values of IL-1β (-511) and 2 p-values of IL-1β (+3953) were calculated using the Chi-Square exact test with 2 x 3 contingency tables (genotype) and 2 x 2 table
(allele). Genotypes were expressed as number of patients (proportion in % within brackets), p-values were from the Chi-Square exact test. * P < 0.05 was taken as the
level of significance.

Table 1

A) Age and gender distribution of PD patients and controls

Age and gender Controls (n = 199) PD (n =166)

Age (years ± SD) 60.2 ± 8.6 63.8 ± 10.8

Gender

- Male 125 (62.8%) 100 (60.3%)
- Female 74 (37.2%) 66 (39.7%)

B) Primer sets used for genotyping

PCR primers/additional treatment Polymorphism Reference

F: 5’-AAGCTTGTTCTACCACCTGAACTAGGC-3’ IL-1 α (-889) [13]
R: 5’-TTACATATGAGCCTTCCAT-3’

NcoI digestion

F: 5’- CTCAGCAA CACTCCTAT- 3’ IL-1Ra [24]

R: 5’- TCC TGGTCTGCAGGTAA -3’
F:5’-GTTTAGGAATCTTCCCACTT-3’ IL-1β (-511) [24]

R:5’- TGGCATTGATCTGGTTCATC- 3’

AvaI digestion
F:5’- GTTGTCATCAGACTTTGACC- 3’ IL-1β (+3953) [24]

R:5’ -TTCAGTTCATATGGACCAGA -3’
TaqI digestion
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DISCUSSION [25, 26, 27]

The expression of IL-1, interleukin-6 (IL-6) and tumor
necrosis factor alpha (TNF-α) from activated microglial
cells in the SN region of PD patients has been reported
[11]. PD patients have also been reported to have 7- to
15-fold higher levels of these cytokines in circulation
[28-31]. IL-1 is a major proinflammatory cytokine; its
role in PD progression has not been fully established.
According to some studies, IL-1 acts as a neurotoxic
agent [32], but according to the others IL-1 has a neuro-
protective role [33, 34]. As polymorphisms in the IL-1
genes have been shown to alter expression levels of
IL-1 protein, the association between IL-1 gene poly-
morphisms and PD in various population groups was
investigated.
One of SNPs in the IL-1 family is within the promoter
region (-889) of the IL-1α gene. This SNP (C-889T poly-
morphism) leads to high expression of IL-1α, which may
have a protective effect on PD progression [19]. In order
to determine the association between IL-1α C-889T poly-
morphism and PD in the Turkish population, we analyzed
the IL-1α -889 genotypes in 166 PD patient and
199 healthy controls. Our results showed that neither
genotype distribution nor allele frequency of IL-1α -889
polymorphism differed between PD cases and healthy
controls. A lack of association was also reported in Finn-
ish [35], German [36, 37], Taiwan [38] and Japanese [39]
populations. Collectively, these results suggest that there
could be other IL-1 polymorphisms with a significant
association with PD. Since age is a major risk factor for
PD, Wu and colleagues analyzed the IL-1α -889 geno-
type effect on a PD subgroup older than 70; they found
that the IL-1α -889 C/T genotype had a protective role in
late-onset PD. However, we could not find an association
between the IL-1α -889 polymorphism and age-at-onset
of PD. This result may be because the average age of
the specific PD cases in our study was younger than
that in the study of Wu et al., or because the total subject
number was smaller. Further studies with larger numbers
of PD individuals could be performed to help resolve
this issue.

IL-1Ra is an endogenous anti-inflammatory agent coded
by the IL-1RN gene. The IL-1Ra gene has been shown to
be interrupted with an 86 bp repeating sequence within
the second intron, and according to the number of 86 bp
repeats, six alleles have been implicated [16-18]. In our
study, we found four alleles of IL-1Ra VNTR in the
study groups. Our results showed no significant differ-
ence either in allele frequency or in genotype distribution
between PD patients and controls. A similar lack of
association between IL-1Ra VNTR and PD was also
found in Finnish [35] and Japanese [39] populations.
Thus, IL-1Ra VNTR polymorphism may not be involved
in PD progression.
One of the SNPs in the IL-1β gene is the -511 C/T poly-
morphism. This region is located in the promoter region
of the IL-1β gene and is important for regulating gene
expression. It was shown that allele 2 (T allele) of IL-
1β -511 leads to high levels of IL-1β expression. It has
been reported that people carrying the IL-1β -511 allele 2
(T allele) have higher levels of IL-Ra, while people
carrying allele 1 have lower levels of IL-1Ra [40]. The
balance between IL-1 and IL-1Ra may be important for
the development or severity of diseases. Thus, the IL-1β
gene that may alter IL-1Ra expression, and individuals
carrying the polymorphisms in the IL-1β gene, may
have altered susceptibility to certain diseases that have
been linked to IL-1, such as PD. However, epidemiologi-
cal studies addressing the association between IL-1β -511
SNP and PD are controversial. In the US population, it
has been reported that the IL-1β -511 2/2 (T/T) genotype
is more frequently found in PD patients than in healthy
controls [41]. An association between IL-1β -511 2/2
(T/T) genotype and PD was also reported in Caucasian
[42] and in German [37] populations. However, an asso-
ciation between the IL-1β -511 C (1) allele and PD was
found in the Finnish population [35]. A lack of associa-
tion between IL-1β (-511) polymorphism and PD was
found in Japanese [39] and Taiwanese [38] populations.
In contrast to McGeer et al. and Möller et al., we found
that IL-1β -511 2/2 (T/T) genotype frequency was signif-
icantly less frequent in PD patients than in healthy con-
trols (p = 0.018), and allele C (allele 1) of IL-1β -511 was
more frequently seen in PD patients when compared to
normal controls (p = 0.048). This result also implies that
in the Turkish population the IL-1β -511 C allele is more
likely to result in the development of PD. Taken together,
it appears that ethnic background and geographic differ-
ences may be important factors in these epidemiological
studies.
Another SNP in the IL-1 β gene is found in exon 5 at
position +3953 [15]. The effect of this polymorphism on
PD is poorly understood compared to the IL-1β -511
polymorphism, with the only report being a lack of asso-
ciation between IL-1β +3953 and PD in the Japanese
population [39]. In our study, no significant difference
between PD and IL-1β +3953 as regards allele and geno-
type distribution in Turkish population was found. Thus,
IL-1β +3953 polymorphisms may have no effect on PD
development.
As age is a major risk factor for PD progression, we
investigated the association between the age at disease-
onset and IL-1 polymorphisms. In our study, we found no

Table 4
Comparisons of IL-1 α (-889), IL-1RN (VNTR), IL-1β (-511)

and IL-1β (+3953) genotypes and age-at-onset of PD

Genotypes

IL-1α -889 1/1 1/2 2/2
- Age 67.53 ±8.5 66.14 ±8.2 67.61 ±9.1

- Age-at-onset 59.01 ±7.9 58.47 ±7.6 61.30 ±8.7

IL-1RN VNTR 1/1 1/2 1/3
- Age 67.22 ± 6.4 67.75 ± 7.3 63.11 ± 5.8

- Age-at-onset 58.97 ± 6.1 59.66 ± 4.7 57.22 ± 5.7

IL-1β -511 1/1 1/2 2/2
- Age 67.12 ± 7.3 65.91 ± 6.9 69.77 ± 7.2

- Age-at-onset 58.41 ± 7.4 58.50 ± 7.9 61.51 ± 8.8

IL-1β +3953 1/1 1/2 2/2
- Age 67.05 ± 5.6 65.83 ± 5.8 71.72 ± 5.2

- Age-at-onset 59.35 ± 6.1 57.20 ± 5.8 64.36 ± 7.1

Mean and ± standard deviation of age and age-at-onset of PD cases were given as
years. For comparison of the age-at-PD-onset, the Mann-Whitney U test was
used. * P < 0.05 was taken as the level of significance.
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association between IL-1α -889 polymorphism and age-
at-onset of PD. However, Wu et al. reported that the
IL-1α -889 C/T genotype has a protective role in PD
patients older than 70 years [38]. Lack of an association
between the IL-1β -511 polymorphism and age-at-onset
of PD was found in other studies [38, 35] as well as this
one. In contrast to our study, Nishumura et al. reported
that the IL-1β -511 C/C genotype leads to a significantly
earlier age for PD onset in the Japanese population [39].
These results suggest that both the association between
IL-1 polymorphisms and PD, and the effect of IL-1 poly-
morphisms on age-at-PD-onset should be investigated in
different populations and with large study groups.
In summary, the risk of developing PD has been associ-
ated with IL-1 gene cluster polymorphisms. According to
our study, IL-1α -889, IL-1Ra VNTR and IL-1β +3953
polymorphisms are not associated with PD in the Turkish
population. However, we did find an association between
IL-1β (-511) and PD. This is the first report showing the
protective effect of the IL-1β -511 T allele (2 alleles) in
the development of PD in a Turkish population.
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