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Abstract

Objective: A multigenetic pro-inflammatory profile may in-
crease stroke risk. We investigated whether a higher number
of pro-inflammatory genetic variants are associated with
ischaemic stroke risk and whether other risk factors further
elevate this risk. Methods: In a case-control study with 470
ischaemic stroke patients (cases) and 807 population con-
trols, we investigated 23 haplotypes or alleles in 16 inflam-
matory genes (interleukin [IL]TA, IL1B, IL1 receptor antago-
nist, IL6, IL6 receptor, IL10, tumour necrosis factor-a; C-C mo-
tif chemokine ligand 2, C-C motif chemokine receptor 5,
C-reactive protein (CRP), intercellular adhesion molecule 1,
transforming growth factor 31, E-Selectin, selenoprotein S,
cluster determinant 14, histone deacetylase 9 [HDAC9]). We
constructed an extended gene score (EGS) as the sum of all
individual risk alleles and analysed its effect on stroke, just as

its association and interaction with cardiovascular risk fac-
tors and infectious scores (IgG antibodies against 5 respec-
tively IgA antibodies against 4 microbial antigens). Results:
Cases were less likely to carry the minor allele of IL10
rs1800872 and more likely to carry the HDAC9 allele
rs11984041 and the pro-inflammatory haplotype of CRP, al-
though the latter was not statistically significant in our study.
Overall, cases tended to have more pro-inflammatory alleles
and haplotypes than controls (mean + SD 13.25 + 2.25 and
13.04 + 2.41, respectively). However, the EGS only slightly
and not significantly increased the risk of stroke (OR 1.04,
95% Cl 0.99-1.09). Its effect was neither associated with in-
cluded risk factors nor with IgA and IgG infectious scores,
and we found no significant interaction effects. Conclusion:
A more pro-inflammatory genetic profile might increase
stroke risk to some extent. This potential effect is most likely
independent of established cardiovascular risk factors and
the infectious burden of an individual.
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Introduction

Several inflammatory parameters such as C-reactive
protein, leukocyte count and fibrinogen, as well as acute
infectious diseases are associated with the risk of stroke
[1-4]. The inflammatory response to various stimuli is
under complex genetic control. Genetic risk factors
seem to interact in a highly complex biological process
[5]. Currently, almost 700 gene products are known to
be associated with the inflammatory response [6]. In
most inflammatory genes, common sequence variants
(polymorphisms) occur, which modify their expression
or their activity. Pro-inflammatory alleles of many in-
flammatory genes (e.g., C-C motif chemokine receptor
5 [CCR5], C-reactive protein [CRP], interleukin [IL]6,
IL1A, IL1 receptor antagonist [ILIRN], selenoprotein
S1 [SEPS1], and transforming growth factor Pl
[TGFB1]) have previously been studied in stroke pa-
tients [1, 2, 7], and recent genome-wide association
studies (GWAS) identified associations of variants in
some inflammatory genes (LIPA, SMAD3, histone
deacetylase 9 [HDACY]) with coronary artery disease
or ischemic stroke [8].

As genetic factors modify the strength and the sensitiv-
ity of the inflammatory response, it is hypothesised that
the risk of vascular diseases including stroke increases
with the number of pro-inflammatory polymorphisms of
an individual. The phenotypic effect size of isolated com-
mon genetic variants is usually small, but combined ef-
fects of pro-inflammatory genotypes from single or mul-
tiple inflammatory pathways may considerably enhance
the risk. Genetic scores have previously been proposed,
such as the inflammatory gene score (IGS) [9] and the
inflammatory load score [10].

The case-control study of genetic, socioeconomic and
infectious factors in ischaemic stroke study was set out to
explore genetic, socioeconomic and infectious risk fac-
tors for stroke and their interdependence. Previous pub-
lications on the same study focused on the latter 2 aspects
[3, 4]. Here, we assess the association of ischaemic stroke
with individual pro-inflammatory gene variants. Addi-
tionally, we propose a new extended inflammatory gene
score (EGS) based on 16 inflammatory gene variants pre-
viously found associated with stroke or cardiovascular
disease and/or with the inflammatory response and eval-
uate its association with ischaemic stroke risk. Further-
more, we explore the associations between the EGS and
established stroke risk factors and infectious scores, just
as their interaction.

Multigenetic Pro-inflammatory Profile in
Ischemic Stroke

Methods

Inclusion and Exclusion Criteria

The study population was described in a previous paper [3].
Cases were first-ever ischaemic stroke patients aged 18-80 years
living in the city of Ludwigshafen am Rhein in South-West
Germany. Age and sex frequency-matched controls were random-
ly selected from the general population of Ludwigshafen. All cases
received neuroimaging excluding cerebral haemorrhage. Cases
with transient ischaemic attack were excluded, just as those with
intracerebral, subdural or subarachnoid haemorrhage and those
with ischaemic stroke due to cerebral trauma or brain malignancy.
Both cases and controls were excluded in case of previous stroke,
myocardial infarction within 90 days, dementia, severe aphasia or
any other communication barrier or severe disability. Cardiovas-
cular risk factors were defined according to current national and
international guidelines and have been described in detail [3]. All
subjects gave written informed consent to participate in the study.
The study was approved by the Ethics Committee of the Landesarz-
tekammer Rheinland-Pfalz (837.333.05[4991]).

Genetic Samples

Fresh whole blood samples (2 x 5 mL) from all cases and con-
trols were drawn, labelled with a pseudonymised code and sent
from Ludwigshafen to the laboratory of molecular genetics of the
University of Heidelberg Neurology Department, where the analy-
sis of genetic samples was performed. One aliquot of the blood was
stored at 20 °C. From the other aliquot, DNA was isolated by so-
dium dodecyl sulphate-proteinase-K digestion, phenol-chloro-
form extraction and ethanol precipitation. DNA was re-dissolved
in distilled water, quantified by UV spectrometry, diluted at a con-
centration of 50-200 pg/mL and stored at -20°C.

For genotyping of all but 2 genetic variants, sequences flanking
the single nucleotide polymorphisms (SNP) were amplified by
polymerase chain reaction, followed by restriction fragment length
polymorphism analysis. CCR5 - rs333, a 32 base-pair deletion, was
genotyped directly by 2% agarose gel electrophoresis, and the IL-6
promotor haplotypes were assessed by Sanger sequencing of the
amplified fragment.

Two scientists carefully checked restriction fragment length
polymorphism results to detect incomplete restriction enzyme di-
gestion. After quality review, unsuccessful genotyping was repeat-
ed. Hardy-Weinberg equilibrium was analysed for each genotyped
variant. SNPs known to be in linkage disequilibrium were analysed
with the haploview software to confirm linkage disequilibrium as
an additional check.

Extended Gene Score

We selected 23 alleles or haplotypes of 16 inflammatory genes
on the basis of the following criteria: The gene variant (i) was found
to be associated either with the risk of ischemic stroke or myocar-
dial infarction in previous studies; (ii) belongs to the group of in-
flammatory genes or (iii) possesses alleles or haplotypes which
were reported to be associated with a higher or lower inflamma-
tory response. Non-inflammatory genes and genes without report-
ed association with above vascular diseases were not considered.
The following variants were selected: IL1A rs1894399 [11], IL1B
rs16944 [12], IL1RN rs380092 [12], IL6 pro-inflammatory haplo-
type [13],IL6 receptor (IL6R) rs2228145 [14],IL10 rs1800872 [15],
tumour necrosis factor-a (TNF) rs1800629 [16], C-C motif che-
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Table 1. Genotypes of single polymorphisms in controls and cases

Controls (n = 793) MAF  Cases (n =457) Univariate Conditional
OR(95% CI)  OR (95% CI)*
genotypes genotypes

Variants in inflammatory genes 0 1 2 0 1 2
IL1A rs1894399 406 322 65 0.28 215 200 42 1.13(0.95-1.35) 1.14 (0.95-1.38)
IL1B rs16944 92 317 384 0.32 41 193 223 1.07(0.90-1.27) 1.10(0.92-1.32)
IL1RN rs380092 368 351 74 0.31 211 201 45  1.02(0.85-1.21) 1.00 (0.83-1.20)
IL6 pro-inflammatory haplotypes B and

E (rs1800797; rs1800796; rs36215814;

rs111868502; rs56108454; rs1800795) 455 283 55 0.25 243 188 26 1.08 (0.90-1.30) 1.06 (0.87-1.29)
IL6R rs2228145 121 378 294 0.39 69 222 166  0.99 (0.84-1.17) 0.98 (0.82-1.16)
IL10 rs1800872 49 319 425 0.26 22 164 271  1.22(1.00-1.48) 1.26 (1.03-1.55)
TNF rs1800629 17 209 567 0.15 11 124 322 0.95(0.76-1.19) 0.93 (0.74-1.18)
CCL2 rs1024611 432 299 62 0.27 263 159 35 0.92(0.77-1.11)  0.90 (0.75-1.09)
CCR5 rs333 11 169 613 0.12 5 107 345 0.93(0.73-1.20) 0.88 (0.68-1.14)
CRP pro-inflammatory haplotype 4

(rs3093068; rs1205; rs3093064) 707 83 3 0.06 389 68 0 1.36(0.98-1.90) 1.27(0.90-1.80)
ICAM1 rs5498 256 393 144 0.43 144 229 84 1.02(0.86-1.20) 1.00(0.84-1.19)
TGFB1 rs1800469 353 357 83 0.33 204 197 56 1.04(0.87-1.23) 1.01(0.84-1.21)
SELE rs5361 593 187 13 0.13 336 120 1 0.99(0.77-1.27) 1.06 (0.82-1.37)
SEPS rs9874 582 200 11 0.14 326 120 11 1.13(0.90-1.43) 1.13(0.89-1.44)
CD14 rs2569190 209 418 166 0.47 136 234 87 0.89(0.76-1.06) 0.90 (0.75-1.07)
HDACY rs11984041 658 130 5 0.09 363 85 9 1.31(1.00-1.70) 1.20 (0.91-1.59)
Extended gene score, mean (SD) 13.04 (2.41) 13.25 (2.25) 1.04 (0.99-1.09) 1.03 (0.98-1.08)
Extended gene score, 1 (%)

Low (5-12) 324 (40.9) 174 (38.1) 1.00 1.00

Middle (13-14) 259 (32.7) 151 (33.0) 1.09 (0.83-1.43) 1.08 (0.81-1.44)

High (15-21) 210 (26.5) 132 (28.9) 1.17 (0.88-1.56) 1.10(0.82-1.48)

Significant values in bold.
* Adjusted for age and sex.
MAF, minor allel frequencies.

mokine ligand 2 rs1024611 [17], CCR5 rs333 [17], CRP pro-in-
flammatory haplotype [18], intercellular adhesion molecule 1
rs5498 [5], TGFBI rs1800469 [19], E-Selectin rs5361 [20], SEPS
rs9874 [21], cluster determinant (CD) 14 rs2569190 [22, 23] and
HDACY rs11984041 [24]. Haplotype analysis was performed for
CRP (3 SNPs) and IL6 (6 SNPs). Minor allele frequencies are re-
ported in Table 1. In addition to investigating the individual SNPs
or haplotypes, we constructed an EGS based on all risk alleles of
the 16 genes. In 5 genes (IL1B, IL6R, IL10, CCR5 and TNF), the
frequent allele was counted as the pro-inflammatory variant and
thus as the risk allele, from the other 11 genes the rare allele was
considered as the risk allele. For each risk gene, a subject without
risk allele was scored as ‘0, a subject heterogeneous for the risk al-
lele as ‘1’, and a subject homozygous for the respective risk allele
as 2’. The EGS is the sum of all risk genes in our study.

Established Cardiovascular Risk Factors and Infectious Scores

We included hypertension, diabetes, hypercholesterolemia,
atrial fibrillation and current smoking as cardiovascular risk fac-
tors, defined according to international guidelines as previously
described [3].

Infectious scores were constructed based on seropositivity to
Aggregatibacter actinomycetemcomitans and Porphyromonas gin-
givalis, Chlamydia pneumonia, Mycoplasma pneumoniae (IgA and
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IgG each) and CagA-positive Helicobacter pylori (IgG) [4]. This
resulted in one score based on IgA seropositivity and one on IgG
seropositivity. In contrast to our previous publication [4], we used
these scores as continuous measures.

Statistical Analysis

We present frequencies and distributions of individual gene
variants and the EGS. The EGS was primarily analysed as a con-
tinuous measure, but also categorised into approximate tertiles
based on its distribution in the controls.

For the main analyses, we present OR estimates along with 95%
CI based on unconditional and conditional univariate logistic re-
gression, the latter conditioned on sex and 2-year age groups.

To assess the association of EGS with established cardiovascu-
lar risk factors and the infectious scores, we first account for them
in a conditional logistic regression model, and second, test their
interaction effect with EGS individually. We further explore the
effect of EGS within subsets by median age and TOAST stroke
subtypes.

As all analyses are of exploratory nature, we did not adjust for
multiple testing. We performed complete-case analyses, thereby
excluding 13 cases and 14 controls from all analyses due to missing
data on genetic variants or cardiovascular risk factors.

The statistical software R was used for all analyses [25].
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Fig. 1. Relative distribution of the EGS by case-control status. EGS,
extended gene score.

Results

The analyses included 457 cases (183 women and 274
men) and 793 controls (327 women, 466 men), with a me-
dian age of 69 years. Cases showed slightly more pro-in-
flammatory alleles and haplotypes (mean + SD 13.25 +
2.25) compared to controls (13.04 + 2.41). Figure 1 visual-
izes the distribution of score values in cases and controls.

The lower frequency of the minor anti-inflammatory
allele of IL10 rs1800872 significantly increased the odds
of ischaemic stroke by 26% (conditional OR 1.26, 95% CI
1.03-1.55). The higher frequency of the minor allele of
HDAC9 rs11984041 (conditional OR 1.20, 95% CI 0.91-
1.59) and of the pro-inflammatory haplotype of CRP
(conditional OR 1.27, 95% CI 0.90-1.80) were associated
with increased stroke risk to a similar extent although
with a less precise estimation of these effects, rendering
them not statistically significant (Table 1, Fig. 2).

The unconditional logistic regression for the EGS
showed that an additional pro-inflammatory variant in-
creased the odds of stroke by 4% (OR 1.04, 95% CI 0.99-
1.09), although this effect was not significantly different
fromnoincrease. Results did not change substantially after
adjustment for age and sex (OR 1.03, 95% CI 0.98-1.08).

Adjusting for established cardiovascular risk factors
did not change the effect of EGS, neither did the adjust-
ment for infectious scores (Fig. 2). Without further adjust-
ment, the IgA infectious score was individually associated
with the risk of stroke (OR 1.16,95% CI1.00-1.35), where-
as the IgG score was not (OR 1.00, 95% CI 0.90-1.12).

Multigenetic Pro-inflammatory Profile in
Ischemic Stroke

Color version available online

Based on individual conditional logistic regression,
there was neither a significant statistical interaction be-
tween any cardiovascular risk factor and EGS (p value of
interaction for hypertension: 0.44; diabetes: 0.38; hyper-
cholesterolemia: 0.87; atrial fibrillation: 0.60; smoking:
0.63) nor between the infectious scores and EGS (IgA
score: 0.70; IgG score: 0.061).

There was no notable difference in the unconditional
effect of EGS for age at stroke onset. The OR in the group
with early age onset (<70 years: OR 1.04, 95% CI 0.97-
1.12) was the same as in the later onset group (270 years:
OR 1.03,95% CI 0.97-1.11). There were also no relevant
differences in the effect of EGS comparing stroke aetiol-
ogy, according to the TOAST stroke subtypes (large ves-
sel disease (n = 158): OR 1.00, 95% CI 0.94-1.08; Cardio-
embolism (n = 103): OR 1.06, 95% CI 0.98-1.16; small
vessel disease (n = 137): OR 1.06, 95% CI 0.98-1.14; oth-
er (n =59): OR 1.03, 95% CI 0.93-1.15).

Discussion

Summary

Our study assessed whether a more pro-inflammatory
genetic profile increases the risk of stroke. Furthermore,
we hypothesised that established cardiovascular risk fac-
tors, just as a higher infectious burden as measured with
seropositivity to several microbial agents would be associ-
ated with the pro-inflammatory gene load, potentially in-
teracting with it and as such further increasing stroke risk.
Using the EGS, a genetic score based on 23 variants in 16
inflammatory genes, we found a more pro-inflammatory
profile being positively associated with the risk of stroke,
however, with a small effect which was not significantly
different from no effect (OR 1.04, 95% CI 0.99-1.09). Fur-
thermore, we could neither identify any association or
interaction between the genetic score and the included
cardiovascular risk factors nor the infectious burden
based on 5 microbial agents. Three polymorphisms previ-
ously found associated with stroke showed a relevant ef-
fect on ischemic stroke in our study, with OR estimates
above 1.20 — IL10 rs1800872, HDACY rs11984041 and
CRP, although the latter 2 were not statistically significant
in the unconditional analysis.

Comparison with Previous Studies

The association of HDAC9 rs11984041 with ischaemic
stroke was established in a large-GWAS including sev-
eral study populations achieving a combined p-value of
1.87 x 10-'1. The OR was 1.42 (95% CI 1.28-1.57) [26],
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ILTA rs1894399

Fig. 2. OR estimates of individual variants
and the EGS based on conditional logistic
regression (conditioned on sex and 2-year
age groups), EGS results furthermore ad-
justed for infectious scores and cardiovas-
cular risk factors. IL, interleukin; IL1RN,
IL1 receptor antagonist; IL6R, IL6 recep-
tor; TNF, tumour necrosis factor-a; CCL2,
C-C motif chemokine ligand 2; CCR5, C-C
motif chemokine receptor 5; CRP, C-reac-
tive protein; ICAM, intercellular adhesion
molecule 1; TGFB, transforming growth
factor B1; SELE, E-Selectin; SEPS, seleno-
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protein S; CD14, cluster determinant 14,
HDACDY, histone deacetylase 9; EGS, ex-
tended gene score.
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which is in line with our finding of an unconditional OR
of 1.32 (95% CI 1.00-1.70). HDAC9 belongs to a large
family of genes which are responsible for deacetylation of
histones and thus for regulation of chromatin structure
and gene transcription [24]. Beyond other roles, it is an
important regulator of inflammatory factor expression
including IL-6 signalling and was thus included in the
EGS. IL10 is a pleiotropic cytokine with predominantly
anti-inflammatory effects, potentially protective against
atherosclerosis. IL10 rs1800872 is a promotor polymor-
phism supposed to be associated with lower IL10 plasma
levels [15]. The association of IL10 rs1800872 with isch-
aemic stroke which we found in our sample was previ-
ously observed in a Chinese population [15], but large
GWAS of ischemic stroke patients and healthy controls
did not report a significant association with the IL10
polymorphism.

A few other SNPs were associated with a trend towards
higher stroke risk in our study, for example, IL1A
rs1894399, CRP haplotype 4, IL1B rs16944, or SEPS
rs9874. In several other SNPs, the effect was completely
neutral or even associated with a trend towards reduced
stroke risk (e.g., CD14 rs2569190). Recent studies and
meta-analyses investigated the role of inflammatory poly-
morphisms on stroke risk. Different to our results, inter-
cellular adhesion molecule 1 rs5498 was found to be as-
sociated with ischaemic stroke risk in Caucasians but not
in Asians in a meta-analysis [5]. In contrast to some pre-
vious studies and in line with the results presented here,
a recent meta-analysis did not detect a significantly in-
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creased risk of stroke in carriers of ILA rs1894399 and
CD14 rs2569190 [19]. The rare allele of TNF rs1800629
was protective against stroke in Asian, but not in Cauca-
sian populations according to a recent meta-analysis [16],
in line with the neutral result in our population. In Chi-
nese populations, TGFB1 rs1800469 and E-Selectin
rs5361 were associated with stroke risk in contrast to our
neutral result in a Caucasian population [19, 20].

Strengths and Limitations

It is the advantage of our study that we investigated a
larger number of SNPs than previous similar studies.
However, our study has several methodological limita-
tions. First, the sample size of our case-control study was
not estimated with the aim of detecting significant effects
of the presented analyses. The assumptions for the power
estimations related to the association between stroke and
socioeconomic risk factors, but not for the genetic analy-
sis. Therefore, these results must be considered to be of
exploratory nature. Second, as we tested multiple gene
variants and did not adjust for multiple testing, the few
significant findings would be expected for purely statisti-
cal reasons and as such might be without any biological
value - despite being in line with previous findings. Third,
the number of microbial agents investigated in the infec-
tious score was limited and a more extended number of
viruses and bacteria might have yielded different results.
Furthermore, including clinically diagnosed chronic in-
fectious diseases instead of serological data might have
resulted in more reliable findings.
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Conclusion

In our study population, the pro-inflammatory genet-
ic burden based on 23 genetic variants in 16 genes in cas-
es was slightly higher than in controls, but the difference
was small and not significant. Thus, our results do not
contradict, but also do not reliably support our primary
hypothesis that carriers of an elevated number of pro-
inflammatory alleles have an increased risk of ischaemic
stroke. Furthermore, we did not have any findings to con-
firm the hypothesis that subjects with a higher infectious
burden are particularly at increased risk of ischaemic
stroke if they additionally carry a higher number of pro-
inflammatory gene variants.

In the future, appropriately powered studies investi-
gating a much larger number of inflammatory gene vari-
ants will be required to answer the question whether a
more pro-inflammatory genetic profile is associated with
increased risk of ischaemic stroke.
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