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Abstract

Background: Strong evidence supports the involvement of inflammation processes in the development and
progression of Parkinson’s disease (PD), where increasingly correlations have been identified between genetic
variations in inflammation-related genes and PD. However, data varies between studies. Therefore, we conducted a
meta-analysis to clarify associations between inflammation-related gene polymorphisms and PD risk.

Methods: All studies were identified through online databases. Pooled and stratified groups based on racial
descent were assembled to evaluate associations between polymorphisms and PD.

Results: The pooled results showed that protective effects for PD were observed for (1) IL-1a -889 C/T in Asian
populations (T vs. C, OR = 0.831, P = 0.031; TT + CT vs. CC, OR = 0.827, P = 0.049); (2) IL-6 -176 G/C in Caucasian
populations (CC + GC vs. GG, OR = 0.656, P = 0.000; GC vs. GG, OR = 0.673, P = 0.000); (3) IL-8 -251 A/T (T vs. A,
OR =0.812, P=0.041; TT vs. AT + AA, OR = 0.663, P = 0.012), particularly in Caucasian populations (TT vs. AT +
AA, OR = 0.639, P = 0.010); (4) IL-10 -819 T/C (C vs. T, OR = 0.742, P = 0.034); (5) IL-18 -607 C/A (AA + CA vs. CC,
OR=0597,P=0015; CA vs. CC, OR = 0534, P = 0.005), and (6) CCR2 +190 G/A (AA vs. GA + GG, OR = 0552, P = 0.018;
AA vs. GG; OR = 0.554; 95% C| 0.336-0.914, P = 0.005). An increased risk of PD was associated with [L-10 -1082 G/A in
Asian populations (A vs. G, OR = 1.731, P = 0.000; AA + GA vs. GG, OR = 1.910, P = 0.000). No significant associations
with PD were observed for polymorphisms in IL-13 -511 C/T, IL-10 -592 C/A, IL-18 -137 G/C, TNFa -863 C/A, TNFa -857

C/T, TNFa -308 G/A, IFNY +874 T/A, and MCP1/CCL2 42518 A/G.

Conclusions: We suggest that IL-1a -889, IL-6 -176, IL-8 -251, IL-10 -1082, IL-10 -819, IL-18 -607, and CCR2 +190
polymorphisms may be associated with PD risk; however, further studies must verify these conclusions.

Keywords: Inflammation, Cytokines, Chemokines, Polymorphism, Parkinson's disease

Background

Parkinson’s disease (PD) is a neurodegenerative disorder
characterized by the slow and progressive degeneration
of dopaminergic (DA) neurons in the substantia nigra
[1-4]. DA is a neurotransmitter synthesized by tyrosine
hydroxylase (TH), which functions in movement control
[5]. Thus, the primary motor symptoms of PD include
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bradykinesia, rest tremors, rigidity, and postural instability
[6-9]. Although PD pathogenesis appears to be multifac-
torial in nature, growing evidence strongly suggests that a
chronic inflammatory mechanistic process is associated
with DA neuronal death [10-13]. Indeed, elevated
levels of pro-inflammatory mediators such as TNFa,
IL-1B, IL-3, IL-2, and IL-6 have been detected in the
substantia nigra, striatum, and cerebrospinal fluid
(CSF) of PD patients [6, 11, 12, 14-16].

DA neuron degeneration has been linked with microglial
cell activation [4, 7, 17], leading to the promotion of inflam-
matory processes in PD. Microglia are resident immune
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Fig. 1 The study selection process

cells in the central nervous system (CNS) that play import-
ant roles in a majority of brain disorders. Leukocyte infiltra-
tion promoted by degenerated neurons also stimulates
microglia activation [18] and is modulated by chemokines.
Among these molecules, MCP-1 (monocyte chemoattract-
ant protein-1; CCL2), IL-8 (C-X-C Motif Chemokine Lig-
and 8, CXCL8), and its receptor CCR2/5 (C-C chemokine
receptor type 2/5) are reported to be involved in PD
etiology [19-21].

It is believed that genetic variations (polymor-
phisms) in cytokines and chemokines as well as their
corresponding receptors are associated with the
mechanism of PD. To date, it is unclear whether
these polymorphisms correlate with PD development
and progression, as several studies are equivocal in
this regard. Previous meta-analyses have been investi-
gated associations between inflammation and PD risk
[1, 22, 23]; however, these studies focused on cytokine
polymorphisms, rather than chemokines and their re-
ceptors. Therefore, we provide an updated compre-
hensive meta-analysis, summarizing the latest studies
evaluating associations between inflammation-related
gene polymorphisms and PD.

Methods

Literature search

A literature search was conducted using PubMed, Google
Scholar, Scopus, and Web of Science. Keywords including
“cytokine,” “chemokine,” “inflammatory,” “tumor necrosis
factor (TNF),” and “Parkinson’s disease (PD)” were used
singularly and in combination. The literature search
was conducted up to the September 30 2019. Inclusion
criteria were (1) studies evaluating associations between
inflammation-related gene polymorphisms and PD risk,
and (2) case-control designed studies.

” o«

Data extraction

The following data were extracted: (1) name of the first
author, (2) year of publication, (3) country of origin, (4)
number of cases and controls, and (5) number of geno-
types in cases and controls.

Statistical analyses

Meta-analyses for each gene polymorphism were per-
formed for two or more studies. The genotype frequency
of the inflammation-related gene polymorphism was
tested for deviation from Hardy—Weinberg equilibrium
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(HWE), against control subjects. Genetic associations
were assessed using different genetic models, including
allelic (mutant type (M) vs. wild type (W)), recessive
(MM vs. WM + WW), dominant (MM + WM vs. WW),
homozygous (MM vs. WW), and heterozygous (WM vs.
WW). Associations between inflammation-related gene
polymorphisms and PD risk were calculated by the
pooled odds ratio (OR) and 95% confidence intervals
(CI). Z tests were used to evaluate the significance of the
pooled effect size.

Heterogeneity among studies was evaluated using the
Q test and /> statistic [24]. A significant Q test (P < 0.10)
indicated heterogeneity across studies. The /* statistic in-
dicated no (0-24.9%), low (25-49.9%), moderate (50—
74.9%), or high (75-100%) study heterogeneity. The
random-effect model (REM) was used if heterogeneity
existed; otherwise, the fixed-effect model (FEM) was
used. Subgroup analysis was stratified by the racial des-
cent of subjects. Begg’s funnel plots and Egger’s regres-
sion tests were performed to assess potential publication
bias [25]. A sensitivity analysis was conducted if two or
more studies were included in a meta-analysis. However,
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the associations did not change (data not shown). A P <
0.05 value indicated statistical significance.

Results

Thirty-three studies were retrieved (Supplemental Table 1).
The study selection process is described (Fig. 1). Ten stud-
ies evaluated PD associations with IL-la -889 C/T
(rs1800587) [6, 8, 13, 15, 26—31]. Only two out of the ten
studies [15, 27] did not comply with the HWE (P < 0.05)
(Supplemental Table 1). No associations were found for
all genetic models, which is in line with previous reports
[1, 22]. After excluding the non-compliant HWE studies,
the associations remain unchanged (Supplemental Table
2). However, the results showed that significant associa-
tions were observed for allelic (T vs. C, OR = 0.831; 95%
CI 0.702-0.983, P = 0.031, I* = 0%, Fig. 2a) and dominant
(TT + CT vs. CC, OR = 0.827; 95% CI 0.684-0.999, P =
0.049; I* = 0%, Fig. 2b) models in Asian populations. For
assessment of the IL-1B -511 C/T (rs16944) poly-
morphism, all eligible studies were included (Supple-
mental Table 1) [2, 8, 11, 15, 26, 28, 30-32], which
differed slightly from a previous study [22]. Similarly,

(A)TvsC
PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Arman et al 95 328 130 398 : — 0.84 [0.61;1.15] 28.2%
Nishimura et al 26 244 25 224 - 0.95 [0.53;1.70] 8.4%
Wu et al 99 1260 84 986 — T 0.92 [0.68;1.24] 30.8%
Zhou et al 85 1066 113 1060 —-'-—f— 0.73 [0.54;0.98] 32.6%
Fixed effect model 2898 2668 '<.> 0.83 [0.70; 0.98] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.7054 !
[ |
0.75 1 1.5

Protection Risk

(B) TT+CT vs CC
PD Control Odds Ratio

Study Events Total Events Total OR 95%-Cl W(fixed)
Arman et al 82 164 105 199 E 0.90 [0.59;1.35] 21.0%
Nishimura et al 25 122 25 112 ¢ 0.90 [0.48;1.68] 9.2%
Wu et al 94 630 80 493 — T 0.91 [0.65;1.25] 34.0%
Zhou et al 82 533 108 530 —+—f— 0.71 [0.52;0.97] 35.8%
Fixed effect model 1449 1334 <> 0.83 [0.68; 1.00] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.7077 !

I 1

0.5 1 2

Protection Risk

Fig. 2 Association of IL-1a -889 C/T polymorphism with PD in Asian populations. a The allelic model. b The dominant model
J
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no associations were observed, neither in Caucasian
nor Asian populations (Supplemental Table 2).

Previously, the C allele of IL-6 -176 G/C (rs1800795)
showed protective effects for PD in Caucasian popula-
tions [13, 14, 17]. In this meta-analysis, two additional
studies [7, 33] were also included. Significant associa-
tions were found for the dominant (CC + GC vs. GG,
OR = 0.656; 95% CI 0.545-0.790, P = 0.000, I* = 48.33%,
Fig. 3a) and heterozygous (GC vs. GG, OR = 0.673; 95%
CI 0.553-0.818, P = 0.000, I* = 0%, Fig. 3b) models of
IL-6 -176 G/C clusters in four Caucasian population
studies. Hence, these results strengthen the fact that the
C allele in the IL-6 -176 G/C polymorphism was associ-
ated with a lower risk of PD, particularly in Caucasian
populations.

While previous studies have analyzed associations be-
tween the IL-10-1082 G/A (rs1800896) polymorphism
with PD [2, 12, 13, 17, 34], none have been established
with IL-10 -819 T/C (rs1800871) and IL-10 -592 C/A
(rs1800872) polymorphisms [4, 12, 34, 35]. In this meta-
analysis, three additional studies [33, 36, 37] were included
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for the analysis of IL-10 -1082 G/A polymorphisms. Our
analyses showed that the A allele (A vs. G, OR = 1.731;
95% CI 1.338-2.239, P = 0.000, I* = 0%, Fig. 4a), and the
dominant model (AA + GA vs. GG, OR = 1.910; 95% CI
1.106-3.297, P = 0.000, I* = 65.20%, Fig. 4b) from Asian
populations were associated with PD risk. This observa-
tion was in contrast with a previous report indicating a
lack of association between the IL-10 -1082 G/A poly-
morphism and PD [22]. Moreover, it showed that the C
allele of IL-10 -819 T/C had a lower risk of developing PD
(Cvs. T, OR = 0.742; 95% CI 0.628-0.878, P = 0.034, I* =
58.30%, Fig. 4c), though this does not apply for IL-10-592
C/A (Supplemental Table 2).

The role of TNFa -1031 T/C and -308 G/A
(rs1800629) in PD was previously evaluated [22, 23].
Here, we evaluated two additional TNFa polymor-
phisms; (TNFa -863 C/A and TNFa -857 C/T) [8, 38].
In total, eight studies were used for the TNFa -308 G/A
meta-analysis [2, 8, 9, 11, 14, 16, 33, 34]. One study re-
lating to TNFa -308 G/A [34] did not comply with
HWE (Supplemental Table 1); however, when excluded,

(A) CC+GC vs GG
PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Hakansson et al 180 258 240 308 . 0.65 [0.45;0.95] 23.9%
Infante et al 108 196 108 170 ———=—1 0.70 [0.46;1.07] 19.4%
Ross et al 64 90 61 93 | 1.29 [0.69; 2.41] 8.8%
San Luciano et al 175 380 314 522 —°—¢— 0.57 [0.43;0.74] 47.9%
Fixed effect model 924 1093 ~ 0.66 [0.55;0.79] 100%
Heterogeneity: I-squared=48.3%, tau-squared=0.0374, p=0.1214 !
I 1

0.5 1 2
Protection Risk
(B) GC vs GG
PD Control Odds Ratio
Study Events Total Events Total ) OR 95%-Cl W(fixed)
Hakansson et al 129 207 162 230 ' - 0.69 [0.47;1.03] 24.0%
Infante et al 81 169 81 143 , 0.70 [0.45;1.10] 19.1%
Ross et al 44 70 50 82 7 1.08 [0.56; 2.09] 8.9%
San Luciano et al 144 349 245 453 —=—r— 0.60 [0.45;0.79] 48.1%
Fixed effect model 795 908 <> 0.67 [0.55; 0.82] 100%
Heterogeneity: |-squared=0%, tau-squared=0, p=0.4263 !
[ 1
0.5 1 2
Protection Risk

Fig. 3 Association of IL-6 -176 G/C polymorphism with PD. a The dominant model. b The heterozygous model
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(A)Avs G
PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Hu et al 157 496 91 452 —+— 1.84 [1.36;2.47] 74.8%
Nie et al 38 604 26 588 : 1.45 [0.87;2.42] 25.2%
Fixed effect model 1100 1040 <.>' 1.73 [1.34;2.24] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.4353 !
[ |
0.5 1 2
Protection Risk
(B) AA+GA vs GG
PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(random)
Hu et al 142 248 80 226 —'——°-— 2.44 [1.69;3.54] 56.0%
Nie et al 36 302 26 294 —T 1.40 [0.82;2.38] 44.0%
Random effects model 550 520 <>— 1.91 [1.11; 3.30] 100%
Heterogeneity: |-squared=65.2%, tau-squared=0.1026, p=0.0901 5
T 1
0.5 1 2
Protection Risk
(C)CvsT
PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(random)
Lietal 223 710 138 400 —*—+—— 0.87 [0.67;1.13] 46.4%
Liu et al 173 720 305 946 —=—i— 0.66 [0.53;0.83] 53.6%
Random effects model 1430 1346 ———— 0.75 [0.58; 0.98] 100%
Heterogeneity: I-squared=58.3%, tau-squared=0.021, p=0.1215 :
0.75 1 1.5
Protection Risk
Fig. 4 Association of IL-10 -1082 G/A and IL-10 -819 T/C polymorphisms with PD. a The allelic model in IL-10 -1082 G/A. b The dominant model
in IL-10 -1082 G/A. ¢ The allelic model in IL-10 -819 T/C

J

this study did not change the results (data not shown).
No associations with PD were found for all TNFa poly-
morphism types (Supplemental Table 2).

In addition to the aforementioned genes, polymor-
phisms for IL-8 -251 A/T (rs4073) [13, 14, 20], IL-18
-607 C/A (rs1946518) [3, 39], IL-18 -137 G/C (rs187238)
[3, 35], IFNY +874T/A (rs2430561) [17, 36], MCP1/
CCL2 + 2518A/G (rs1064211) [19-21, 40, 41], and
CCR2 + 190 G/A (V641; rs1799864) [19, 20, 40, 41] were
also evaluated. No associations were detected between
IL-18 -137 G/C, IFNY+874T/A, and MCP1/CCL2
+2518A/G and PD risk (Supplemental Table 2).

Meanwhile, the IL-8 -251 A/T polymorphism showed
that the allelic (T vs. A, OR = 0.812; 95% CI 0.665—
0.992, P = 0.041, I? = 0%, Fig. 5a) and recessive (TT vs.
AT + AA, OR = 0.663; 95% CI 0.481-0. 914, P = 0.012,
I = 4.62%, Fig. 5b) models had lower PD risks, especially
in Caucasian populations (TT vs. AT + AA, OR = 0.639;
95% CI 0.454—0.900, P = 0.010, I* = 42.50%, Fig. 5c). Sig-
nificant associations with PD were also observed for IL-
18 -607 C/A and CCR2 +190 G/A. The dominant and
heterozygous models of the IL-18 -607 C/A polymorph-
ism were significantly reduced for PD risk (OR = 0.597;
95% CI 0.394—0.905, P = 0.015, I* = 0% and OR = 0.534;
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(A)TvsA
PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed)
Infante et al 199 394 186 346 —j—'—— 0.88 [0.66;1.17] 47.8%
Ross et al 153 298 204 360 — T 0.81 [0.59;1.10] 42.0%
Sahin-Calapoglu et al 29 60 74 120 —°—i—- 0.58 [0.31;1.09] 10.2%
Fixed effect model 752 826 <.> 0.81 [0.67;0.99] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.5032 !
| |
0.5 1 2
Protection Risk
(B) TT vs AT+AA
PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed)
Infante et al 46 197 48 173 —%——F—— 0.79 [0.50;1.27] 46.9%
Ross et al 31 149 62 180 —+—— 0.50 [0.30;0.83] 41.0%
Sahin-Calapoglu et al 10 30 22 60 : 0.86 [0.34;2.17] 121%
Fixed effect model 376 413 <.> 0.66 [0.48;0.91] 100%
Heterogeneity: I-squared=4.6%, tau-squared=0.0043, p=0.3505 !
[ 1
0.5 1 2
Protection Risk
(C) TT vs AT+AA
PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed)
Infante et al 46 197 48 173 — T 0.79 [0.50;1.27] 583.3%
Ross et al 31 149 62 180 ——— 0.50 [0.30;0.83] 46.7%
Fixed effect model 346 353 — o 0.64 [0.45;0.90] 100%
Heterogeneity: |-squared=42.5%, tau-squared=0.0453, p=0.1873 !
[ |
0.5 1 2
Protection Risk
Fig. 5 Association of IL.-8 -251 A/T polymorphism with PD. a The allelic model. b The recessive model. ¢ The recessive model in
Caucasian populations
J

95% CI 0.344-0.830, P = 0.005, I* = 0%), respectively
(Fig. 6a, b). In parallel, recessive and homozygous
models of CCR2 +190 G/A also decreased the risk of
developing PD (OR = 0.552; 95% CI 0.338-0.903, P =
0.018, I* = 0% and OR = 0.554; 95% CI 0.336-0.914, P =
0.005, I? = 0%), respectively (Fig. 7a, b). For CCR2 ana-
lyses, studies deviating from HWE [3, 19, 39] (Supplemen-
tal Table 1) were not excluded from the evaluation,
because of the highly limited study numbers. Begg’s funnel
plot (data not shown) and the Egger’s test were applied,

but no publication bias was identified (Pgggers test > 0.05)
(Supplemental Table 2).

Discussion

In this meta-analysis, a comprehensive investigation of as-
sociations between inflammation-related gene polymor-
phisms and PD risk was performed. Our findings suggest
a negative association between IL-1a -889 C/T and PD in
Asian populations; the T allele, as well as the TT and CT
genotype conveyed a lower risk for PD, which differed
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(A)AA+CAvs CC

PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Fahmi et al 19 26 13 15 E 0.42 [0.07;2.34] 5.8%
Xu et al 222 310 161 200 N 0.61 [0.40;0.94] 94.2%
Fixed effect model 336 215 <.> 0.60 [0.39; 0.91] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.6742 !

[ [ I |
0.1 05 1 2 10
Protection Risk

(B) CAvs CC

PD Control Odds Ratio
Study Events Total Events Total OR 95%-Cl W(fixed)
Fahmi et al 12 19 4 6 i 0.86 [0.12;5.94] 5.2%
Xu et al 134 222 114 153 — 0.52 [0.33;0.82] 94.8%
Fixed effect model 241 159 <.> 0.53 [0.34; 0.83] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.6236 !

I I |

0.2
Protection

Fig. 6 Association of IL-18 -607 C/A polymorphism with PD. a The dominant model. b The heterozygous model

05 1 2 5
Risk

with previous reports [1, 22]. Furthermore, a previous
study also demonstrated that the T allele of IL-1a (+889
C/T) was associated with better cognitive function in the
elderly [42]. Interestingly, a previous study also reported
that the TT genotype of IL-1la (+889 C/T) had signifi-
cantly increased promoter activity, and that its mRNA
levels compared well with the CC genotype [43]. Thus,
further studies evaluating IL-1a levels and the TT geno-
type are required to investigate relationships between
these molecular phenomenon and PD risk.

This study also reinforces a previous finding that
carriers of the C allele in IL-6 -176 G/C showed a lower
risk for PD, particularly in Caucasian populations
[13, 14, 17]. A strong association was also observed
in this study between PD and IL-10-1082 G/A, in
which risk increased for Asian individuals carrying
the A allele and decreased in the C allele. These findings
contrast with the pooled results from previously reported
studies that show lack of association between the IL-10-
1082 G/A with PD risk. Production of the anti-
inflammatory cytokine IL-10 is crucial to prevent damage
driven by excessive inflammation [44]. This neuroprotec-
tive role of IL-10 has been extensively studied in PD, an
example of which is a study showing that administration
of a recombinant human IL-10 in the PD model improves

forelimb akinesia [45]. However, definitive IL-10 levels in
PD are equivocal [46—48]. Larsson et al. demonstrated
that IL-10 mRNA expression was higher in the GG, rather
than the AA genotype [49], suggesting that A allele car-
riers with the IL-10 -1082 G/A genotype, may express low
IL-10 levels. In contrast, the C allele of the IL-10 -819 T/C
genotype tends to generate higher IL-10 mRNA expres-
sion levels [50]. Together, these results support the oppos-
itional effect of IL-10 -1082 G/A and IL-10 -819 T/C
polymorphisms on the expression levels of IL-10, which
was also observed in this current study. Nevertheless,
studies with larger sample sizes are required to validate
the effects of IL-10 -1082 G/A and IL-10 -819 T/C poly-
morphisms on PD progression.

The pooled results indicated a decreased risk for PD
in IL-18 -607A carriers. IL-18 exerts pleiotropic affects
and is believed to mediate neuroinflammation and neu-
rodegeneration [3, 39]. And although it is known that
IL-18 expression is regulated by polymorphism of IL-18-
607C/A [39], to date no reports exist regarding the level
of IL-18 in serum or CSF of PD subjects.

Lastly, we also showed a protective role for T and A
alleles in the chemokines, IL-8 -251 A/T and CCR2
+190 G/A polymorphisms, respectively. Elevated IL-8
mRNA expression and IL-8 serum levels were correlated
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(A) AA+GAvs GG

PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Gao et al 10 521 21 556 ; - 0.50 [0.23;1.07] 41.6%
Huerta et al 9 526 12 370 0.52 [0.22;1.25] 31.6%
Nishimura et al 6 171 17 343 T 0.70 [0.27;1.80] 26.8%
Sahin-Calapoglu et al 0 30 0 60 E 0.0%
Fixed effect model 1248 1329 —<;> 0.55 [0.34; 0.90] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.8522 !
1
0.5 1 2
Protection Risk
(A) AA vs GG
PD Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed)
Gao et al 10 159 21 181 : B 0.51 [0.23;1.12] 40.6%
Huerta et al 9 421 12 302 0.58 [0.22;1.27] 32.5%
Nishimura et al 6 98 17 190 v 0.66 [0.25;1.74] 26.9%
Sahin-Calapoglu et al 0 23 0 38 E 0.0%
Fixed effect model 701 711 . 0.55 [0.34;0.91] 100%
Heterogeneity: I-squared=0%, tau-squared=0, p=0.9110 '
1
0.5 1 2
Protection Risk

Fig. 7 Association of CCR2 +190 G/A polymorphism with PD. a The recessive model. b The homozygous model

with an IL-8 -251A carrier [51], while the AA genotype
of CCR2 +190 G/A was reported to exert protective ef-
fects against Alzheimer’s disease (AD) progression [52],
though another study in the same population showed in-
significant results [53]. Together, these results suggest
that chemokine/chemokine receptor interactions are es-
sential in directing inflammatory response in injured or
degenerated neuronal tissues.

Conclusions

Despite the strengths of this study, there were some lim-
itations, such as the limited number of studies available.
Thus, gene effect estimates on PD may not be precise.
Notwithstanding this issue, PD etiology is multifactorial;
therefore, the interplay of genetic, hormonal, and envir-
onmental factors must be investigated and verified in
larger cohort studies.

In conclusion, we observed that IL-1a -889, IL-6 -176,
IL-8 -251, IL-10 -1082, IL-10 -819, IL-18 -607, and
CCR2 +190 polymorphisms were associated with PD
susceptibility; however, more studies will be required to
definitively verify these conclusions.
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