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a  b  s  t  r  a  c  t

The  −174G>C  (rs1800795)  single  nucleotide  polymorphism  (SNP)  in  the  promoter  of  the  interleukin-6
(IL6)  gene  and the 1730G>A  (rs4986938)  SNP  in  the  estrogen  receptor  beta  (ESR2)  may  influence  the  risk
of Parkinson’s  disease  (PD).  We  investigated  these  SNPs  in  380  unrelated  US  Caucasian  PD cases  and  522
controls,  including  452  individuals  of  Ashkenazi  Jewish  (AJ)  origin  (260  PD,  192  controls).  The  G  allele
of  the  −174G>C  SNP  was  more  common  in  AJ  PD  cases  (p = 0.033)  as  well  as  in  Non-Jewish  (NJ)  men
with  PD  (p  =  0.022).  The  GG  genotype  increased  the  risk  of  PD  by  over  two fold  in NJ men  (OR  = 2.11,
95%CI:  1.14–3.89,  p  =  0.017),  and  approached  significance  in  the  total  AJ group  with  PD  (OR  = 1.42,  95%CI:
0.97–2.06,  p  =  0.067).  The  A  allele  of  the  ESR2  1730G>A  SNP  was  associated  with  a decreased  risk  for  PD in
AJ  women,  and  in this  group,  having  the  AA genotype  decreased  the  risk  of PD  by  half  (OR  =  0.45,  95%CI:
0.22–0.92,  p  =  0.029).  Our  data  supports  a  role  for  the  IL6 −174G>C  G  allele  in  AJ  individuals  overall.  In
ender NJ  Caucasians,  this  role  appears  to  be gender  mediated.  In  both  groups,  the  effect  is independent  from
ESR2  1730G>A.  A  separate  association  for  the  ESR2  1730G>A  SNP  was  found  exclusively  in  women  of
AJ descent.  Other  polymorphisms  in  tight  linkage  disequilibrium  with  the  SNP  differentially  influencing
expression,  ethnic  differences  in  allele  distribution,  and  gender  differences  in  genetic  load  related  to
PD, may  underlie  our  findings.  Larger  studies  in diverse  populations,  including  analysis  of  surrounding
regions  are  recommended.
. Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
isease characterized by bradykinesia, rest tremor, rigidity and pos-
ural instability [18], and is of unknown etiology in most cases.
reviously assumed that the genetic contribution was  important
rimarily in early onset cases [39], monogenic causes and common
ariants have been identified, and are being increasingly recog-
ized as important causative factors in late-onset cases as well
15,21,23,31]. Both inflammation and gender may  also affect PD

isk. Polymorphisms in the genes coding for interleukin-6 (IL6)
nd estrogen receptor beta (ESR2) are genetic factors that may  be
ssociated with PD [16].
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Inflammation has been recognized to have a role in the patho-
genesis of PD [3,19].  Non-steroidal anti-inflammatory agents have
been suggested to protect against PD [9,10].  Activated microglia
have been reported in the substantia nigra of PD patients [26] as
well as proinflammatory cytokines [1,42].  Further, levels of the
cytokine IL6 are increased in striatal tissue, cerebrospinal fluid and
serum of PD patients [6,27,38]. A G/C single nucleotide polymor-
phism (SNP) at −174 (rs1800795) in the promoter region of the IL6
gene is known to influence IL6 expression, although it is debated
which genotype is related to highest expression [7,13,22,33]. The
G allele and GG genotype have been previously associated with an
elevated risk of PD, particularly in early-onset cases [16].

Elevated endogenous estrogen levels may  be associated with a
decreased risk of PD [34], and the neuroprotective effect of estrogen
may  be partly mediated by inhibition of IL6 production [29,32,40].
Genetic variations of the estrogen receptor-� ESR2 gene have been
associated with increased risk for earlier age of onset, particularly
the GG genotype of the SNP at position 1730 (rs4986938). This effect

was  observed in both men  and women  [16,41].

However, the association of IL6 −174G>C and PD is debated
[20,35]. In order to test two hypotheses: (1) that the IL6 1730G>A
SNP G allele represents a gain-of-function variant resulting in a
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roinflammatory state associated with PD, and (2) that the ESR2
730G>A G allele confers a higher risk of PD, we evaluated the
istribution of these SNPs in a Caucasian sample.

. Methods

Subjects were recruited from parent studies of Genetics and Parkinson’s disease
t  Beth Israel Medical Center (BIMC) and the Einstein Aging Study (EAS) at Albert
instein College of Medicine. Additionally, 95 controls from the Centre d’Etude du
olimorphisme Humain (CEPH) were included.

PD subjects were systematically examined by movement disorders specialists at
IMC. At the EAS, formal neurologic evaluation was  performed by a physician, and a
ubset of elderly subjects without PD was included. Eligible participants were those
ho  self-identified as Caucasian. This group was stratified as Jewish or non-Jewish

ased on self-report of ethnicity/religion. The study was approved by the respective
nstitutional Review Boards.

DNA was  available from blood or buccal swab drawn at the parent study.
he  samples were centrifuged and stored in freezers at −80◦ C, and DNA was
xtracted from white blood cells following standard procedures. The IL6 −174G>C
nd ESR2 1730G>A polymorphisms were amplified by polymerase chain reac-
ion  using primers and conditions as previously determined [16,41]. Genotyping
as  performed using a Pyrosequencing PSQ HS 96A system 1.2 (Biotage, Uppsala,

weden). All subjects were blinded to their genotype status.
Demographic characteristics are summarized in Table 1. Statistical evaluation of

ifferences in frequencies of alleles and genotypes was  performed by Chi-square test
r  Fisher’s exact test, and continuous variables were compared using Student’s t-test.
ogistic regression was  used for testing gene-gene interaction and for estimation of
dds ratios with 95% confidence intervals.

. Results

902 subjects (456 women) were genotyped for both SNPs.
e  included 380 individuals with PD, of which 91 had disease

nset before or at age 50. The sample included 452 individuals
f Jewish origin (260 with PD), of which 447 were of Ashkenazi
escent (AJ) and 5 of Sephardic origin. Separate analysis with-
ut the individuals of Sephardic origin yielded the same results,
nd they were included in the final analysis with the AJ group.
ven though the combined control population did not deviate from
ardy–Weinberg equilibrium, a separate analysis for AJ and NJ indi-
iduals is presented, as genotype and allele distributions differed
etween the two sub-populations. Allele and genotype frequen-
ies are summarized in Tables 2–5.  The IL6 −174G>C G allele was
ound to be significantly more common in the AJ PD cases and in
J men  with PD when compared to controls (p = 0.033, p = 0.022,

espectively), but not in the group of NJ women with PD or in the
verall NJ group. An elevated frequency of the GG genotype in the
J group and in NJ men  with PD subjects was observed (45.45% vs.
4.35% in AJs, 49.15% vs. 31.41% in NJ men). Among NJ men, the GG
enotype increased the risk of PD by over two fold (ORGG = 2.11,
5%CI: 1.14–3.89, p = 0.017), and in AJs, it was associated with an
RGG of 1.42, although this association was no longer significant

95%CI: 0.97–2.06, p = 0.067). Among those subjects with early dis-
ase onset, the excess of GG genotype persisted in both groups
55.17% vs. 49.22% for AJs, 56.76% vs. 31.41% for NJ men), but the
ifferences were no longer significant (p = 0.087, p = 0.233, respec-
ively).

The ESR2 1730G>A G allele was found to be more common in the
roup of AJ women  with PD (61.36% vs. 50.90%, p = 0.027), including
he group of early disease onset (52.38% vs. 26.13%, p = 0.044). For AJ
omen, the AA genotype decreased the risk of PD by more than half
hen compared to the GG and GC genotypes (ORAA = 0.45, 95%CI:

.22–0.92, p = 0.029). However, no significant differences in allele
r genotype frequencies were observed in AJ men  or between NJ PD
ubjects and controls for the ESR2 1730G>A SNP in the overall group

r either gender, or between young-onset PD cases and controls.
o interaction between the two genes was observed in a logistic

egression model in either group, and no association was found for
he combined high-risk genotypes (GG/GG).
 Letters 506 (2012) 312– 316 313

4. Discussion

Our data support the hypothesis that the IL6 −174G>C SNP
G allele represents a probable gain-of-function variant resulting
in a proinflammatory state associated with PD in some popula-
tions. The neuroinflammatory reaction in PD pathogenesis may
represent a secondary process of more upstream cascade events.
However, chronic inflammation may  lead to harmful consequences
and it may  mediate in perpetuating neurodegeneration [19]. A
main feature of the inflammatory hypothesis proposed in PD is the
marked increase in certain pro-inflammatory cytokines in stria-
tum and cerebrospinal fluid, including IL6 [6,27,38]. While the
precise role of IL6 in PD is unknown, this particular cytokine has
been implicated in PD. Transgenic mice overexpressing IL6 develop
progressive tremor and ataxia and extensive neuropathological
changes including neuronal damage, reactive astrocytosis and pro-
liferative angiopathy [8].  On the other hand, IL6 increased survival
in cultured dopaminergic neurons [17] and increased levels of IL6
in cerebrospinal fluid correlated inversely with PD severity [27],
although this is not consistently reported [38]. Analyses of IL6 gene
polymorphisms have also yielded controversial results. The G allele
and GG genotype of the IL6 SNP −174G>C have been associated
with an elevated risk of PD, particularly in early onset cases [16].
However, these findings were not replicated in Spanish [20] and
Irish samples [35]. A German cohort also failed to demonstrate
an association of a different IL6 promoter SNP with PD [25]. Our
findings concur with one previous association of the G allele with
increased risk for PD, supporting a role for this cytokine in PD [16].
In contrast to the Hakansson study, we demonstrated a difference
in gender effect in our Non-Jewish subgroup. We  did not demon-
strate an association with early onset PD, although our study was
not powered to detect such differences in this subgroup. The lack of
association in other populations and our AJ/NJ discrepancies may
be explained by ethnic differences in the polymorphisms distribu-
tion, as cytokine gene polymorphisms have been reported to vary
between different geographical regions. The frequency of the GG
genotype in NJ controls observed in our study (34.35%) was higher
than those reported previously in other European and US Caucasian
populations (range: 12–25.6%) [5,12,13,16,20,33],  and it was  even
higher in our AJ control group (69.05%).

Other explanations may  account for the findings, including the
existence of other polymorphisms in tight linkage disequilibrium
with the C/G SNP differentially influencing IL6 expression, which
may  vary by populations, as well as methodological differences and
sample size considerations. Finally, as cytokines and chemokines
form a complex network with multiple interactions between com-
ponents, single gene association studies may  not capture this
complexity and be in part responsible for the lack of reproducibility.

To our knowledge, this is the first report of a differential gender
effect of the risk SNP in a Non-Jewish Caucasian population. A differ-
ential gender effect of IL6 polymorphisms has been demonstrated
in other conditions [11] and an interaction between IL6 polymor-
phism and gender is conceivable, as estrogen may  influence IL6
−174G>C activity [24]. An association between the CC and CG geno-
types with higher serum IL6 levels was reported in healthy elderly
Italian men, but not in women [28] and a trend for reduced fre-
quency of the GG genotype among elderly men  has been suggested
[33]. While increased IL6 has been associated with inflammation
in PD, the relative roles of the specific alleles in IL6 expression are
debated [7,13,22,33], and therefore the causal pathway is uncer-
tain.

Animal models suggest a neuroprotective role for estrogen in PD

[14]. There is a higher prevalence of PD in men  [2],  women with PD
are more likely to have undergone hysterectomy, and exposure to
estrogen replacement therapy is associated with a milder severity
of disease [4,36].  Estrogen is known to influence the activity of the
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Table 1
Demographic characteristics.

Non Jewish Caucasians All subjects (N = 450) Women  (N = 235) Men  (N = 215) p-Value

Age at exam (mean ± SD) 71.2 ± 13.5 71.1 ± 14.3 71.4 ± 12.6 0.822
PD  (n, % affected) 121 (26.89) 62 (26.38) 59 (27.44)
Controls (n, %) 329 (73.11) 173 (73.62) 156 (72.56) 0.800
PD  onset ≤age 50 (n, % affected) 33 (27.27) 22 (35.48) 11 (18.64) 0.115

Ashkenazi Jewish Caucasians All subjects (N = 452) Women (N = 221) Men  (N = 231) p-Value

Age at exam (mean ± SD) 73.4 ± 11.2 74.4 ± 10.1 72.3 ± 12.1 0.057
PD  (n, % affected) 260 (57.52) 110 (49.77) 149 (64.50)
Controls (n, %) 192 (42.48) 111 (50.23) 82 (64.50) 0.002
PD  onset ≤age 50 (n, % affected) 58 (22.39) 21 (19.09) 37 (24.83) 0.273

Table 2
Allele frequencies of IL6 −174G>C.

All Subjects Women Men

G C p-Value G C p-Value G C p-Value

Non-Jewish Caucasians
Controls (n, %) 391 (59.42) 267 (40.58) 212 (61.27) 134 (38.73) 179 (57.37) 133 (42.63)
PD  (n, %) 159 (65.70) 83 (34.30) 0.087 77 (62.10) 47 (37.90) 0.871 82 (69.49) 36 (30.51) 0.022

Ashkenazi Jewish Caucasians
Controls (n, %) 270 (69.05) 116 (30.05) 153 (68.92) 69 (31.08) 117 (71.34) 47 (28.66)
PD  (n, %) 395 (76.25) 123 (23.75) 0.033 164 (74.54) 56 (25.45) 0.189 231 (77.52) 67 (22.48) 0.141

Table 3
Genotype frequencies of IL6 −174G>C.

All Subjects Women Men

GG GC CC p-Value GG GC GG p-Value GG CG CC p-Value

Non-Jewish Caucasians
Controls (n, %) 113 (34.35) 165 (50.15) 51 (15.50) 64 (36.99) 84 (48.55) 25 (14.45) 49 (31.41) 81 (51.92) 26 (16.67)
PD  (n, %) 55 (45.45) 49 (40.50) 17 (14.05) 0.092 26 (41.94) 25 (40.32) 11 (17.74) 0.527 29 (49.15) 24 (40.68) 6 (10.17) 0.049

65) 

64) 

I
e
o
w
G

T
A

T
G

Ashkenazi Jewish Caucasians
Controls (n, %) 95 (49.22) 80 (41.45) 18 (9.33) 54 (48.
PD  (n, %) 150 (57.92) 95 (36.68) 14 (5.41) 0.101 59 (53.

L6 −174G>C [24] and its neuroprotective effect may  be in part

xplained by inhibition of IL6 production [29,32].  The GG genotype
f the ESR2 1730G>A polymorphism has been previously associated
ith PD [16,41].  We  determined an association of the G allele and
G genotype with PD in AJ women, both in late and in young-onset

able 4
llele frequencies of ESR2 1730G>A.

All Subjects Women  

G A p-Value G 

Non Jewish Caucasians
Controls (n, %) 411 (62.46) 247 (37.54) 227 (65.61
PD  (n, %) 145 (59.92) 97 (40.08) 0.486 77 (62.10

Ashkenazi Jewish Caucasians
Controls (n, %) 200 (58.30) 143 (41.70) 113 (50.90
PD  (n, %) 288 (55.60) 230 (44.40) 0.432 135 (61.36

able 5
enotype frequencies of ESR2 1730G>A.

All Subjects Women  

GG GA AA p-Value GG G

Non-Jewish Caucasians
Controls (n, %) 130 (39.51) 151 (45.90) 48 (14.59) 71 (41.04) 

PD  (n, %) 43 (35.54) 59 (48.76) 19 (15.70) 0.743 24 (38.71) 

Ashkenazi Jewish Caucasians
Controls (n, %) 50 (25.91) 100 (51.81) 43 (22.28) 29 (26.13) 

PD  (n, %) 80 (30.89) 128 (49.42) 51 (19.69) 0.488 39 (35.45) 
45 (40.54) 12 (10.81) 41 (50.00) 35 (42.68) 6 (7.32)
46 (41.82) 5 (4.55) 0.211 91 (61.07) 49 (32.89) 9 (6.04) 0.264

disease. We  were however unable to replicate these findings in AJ

men  or in our NJ population.

There are many reasons which could explain inconsistency
between different studies in showing association, or lack of associ-
ation, with SNPs, including that the effect observed may  be due to

Men

A p-Value G A p-Value

) 119 (34.19) 184 (58.97) 128 (41.03)
) 47 (37.90) 0.483 68 (57.63) 50 (42.37) 0.800

) 109 (49.10) 87 (53.05) 77 (46.95)
) 85 (38.64) 0.027 153 (51.34) 145 (48.66) 0.725

Men

A AA p-Value GG GA AA p-Value

85 (49.13) 17 (9.83) 59 (37.82) 66 (42.31) 31 (19.87)
29 (26.47) 9 (14.52) 0.600 19 (32.20) 30 (50.85) 10 (16.95) 0.532

55 (49.55) 27 (24.32) 21 (25.61) 45 (54.88) 16 (19.51)
57 (51.82) 14 (12.73) 0.060 41 (27.52) 71 (47.65) 37 (24.83) 0.543
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inkage disequilibrium with another variant affecting mRNA levels,
s it has previously been suggested for the ESR2 1730G>A SNP [30],
nd ethnic allele distribution differences. While our NJ control pop-
lation had similar frequencies for the G allele comparable to other
aucasian populations studied [30], our AJ control population had

ower frequencies (58.30% vs. 62.46%). In addition, a relative greater
enetic load in women with PD of AJ descent is suggested [37].

In conclusion, our study supports a previously suggested role
or IL6 and ESR2 in PD. The IL6 effect may  be gender mediated in
on-Jewish Caucasians and independent from ESR2. An ESR2 effect
as found exclusively in Jewish women. Larger studies in various
opulations and analysis of SNPs in surrounding regions are war-
anted to further assess a role for this inflammatory cytokine and
he estrogen receptor beta in PD.
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