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likely to be multifactorial, vessel inflammation is
believed to make a substantial contribution.'? The
pleiotropic cytokine interleukin-6 (IL-6) may be essential
in this regard, orchestrating the synthesis of the full spectrum
of acute-phase proteins and mediating associated endo-
thelial dysfunction by releasing chemokine and adhesion
molecules.
To date, two common functional polymorphisms of the IL-
6 gene promoter have been identified, —572G>C and
—174G>C, each consisting of the substitution of a single
nucleotide.”* Both the —174C and —572C alleles are
functional in vitro* > and have been associated with greater
in vivo IL-6 synthesis in an inflammatory state.’”° The
—174C allele is reported to be associated with higher risk of
coronary artery disease in both case—control’” and prospec-
tive studies.® If inflammatory processes indeed play a part
in the pathogenesis of intracranial arterial aneurysms,
then we can expect the IL-6 genotype to be similarly
associated with aneurysmal disease. Our study examines this
hypothesis.

! Ithough the pathogenesis of cerebral aneurysms is

METHODS

This study was conducted between February 2002 and
October 2003. The study group comprised all consecutive
UK Caucasian unrelated patients presenting to the UK
National Hospital for Neurology and Neurosurgery with
angiographically diagnosed aneurysmal subarachnoid hae-
morrhage (SAH). The control sample consisted of age-
matched and race-matched healthy UK people, who were
drawn from the second Northwick Park Heart Study’ and
previously genotyped for both IL-6 variants.® The study was
performed with full approval from the institutional ethics
committee. Written informed consent was obtained from all
participants.

S

Background and aims: An important part is played by inflammation in intracranial aneurysm formation.
The hypothesis that there is an association of the proinflammatory cytokine interleukin-6 (IL-6) genotypes
(—572G>C and —174G>C) with intracranial aneurysms was tested.

Methods: IL-6 genotypes were determined in 91 Caucasian patients with aneurysms and compared with

Results: For both polymorphisms, the distribution of the genotypes and estimated allele frequency were
different between the control group and the aneurysm group. For —572G>C, a higher frequency of the C
allele (p=0.001) and more people homozygous for the C allele were found among those with aneurysms
than among the controls (4.4% v 0.3%, p=0.001). For —174G>C, more people homozygous for the C
allele were found among the controls than among those with aneurysm (18% v 7%, p=0.007). The 572C/
174G haplotype was associated with an increased risk of aneurysms, with the relative risk compared with
the common haplotype being 1.89 and that for the —572G/174C haplotype being 0.58 (p<0.0005).
Conclusion: This is the first study to show that IL-6 promoter polymorphisms are associated with
intracranial aneurysmal disease. Whether this association is with the development, progression or rupture
of such aneurysms, or represents survivor bias, is unclear.

Genetic analysis

The IL-6 genotype was determined by polymerase chain
reaction amplification as described previously.’ * Positive and
negative controls were used to ensure accuracy.

Statistical analysis

Allele frequencies were determined by gene counting, and
deviations from the Hardy—Weinberg equilibrium were
calculated by using y* tests. Differences between the
genotype distributions and allele frequencies were calculated
by %2 tests or Fisher’s exact tests, as appropriate. Haplotypes
were estimated by using a maximum likelihood algorithm'
implemented in the THESIAS program (http://www.gene-
canvas.ecgene.net/news/php). The haplotype combining the
most frequent alleles was used as the reference. A global p
value was calculated by using differences in log likelihoods,
assuming an additive model of haplotype effects. p Values
were adjusted for possible confounders by logistic regression
analysis. In addition, differences between people homozy-
gous for the rare alleles and those carrying the common allele
were considered. p Values <0.05 were considered to be
significant.

RESULTS

Ninety one consecutive Caucasian patients presented during
the study period. Table 1 shows the characteristics of the
patients and the healthy subjects comparison group. As
expected, the patients had a higher prevalence of hyperten-
sion but not of diabetes, and a greater proportion were
smokers. Although the mean age of the two groups was
similar, the range was greater in the patient group.

Abbreviations: IL-6, interleukin-6; SAH, subarachnoid haemorrhage
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Table 1 Characteristics of the patient and control populations
p Valve
(patients v
Patients Healthy UK subjects controls)
Age 55 (range 24-80) 56 (range 49-64) 0.01
Sex (M:F) 40:60 All males <0.0001
Smoking 50% 28.2% <0.0001
Hypertension* 51% 30% <0.0001
Diabetes 2% 2.4% 0.62
IL-6 genotype (—174G>C)
GG/GC/CC, n (%) 40 (47)/40 (47)/6 (7) 867 (32)/1358 (50)/495 (18)  0.003
Frequency of C allele 0.30 (0.23 to 0.37) 0.43 (0.42 to 0.44) 0.001
(95% Cl)
IL-6 genotype (—572G>C)
GG/GC/CC, n (%) 79 (86.8)/8 (8.8)/4 (4.4) 2359 (90.4)/244 (9.3)/9 (0.3) 0.001
Frequency of C dllele 0.09 (0.05 to 0.13) 0.05 (0.04 to 0.06) 0.02
(95% Cl)
*Systolic hypertension >160 mm Hg or diastolic hypertension <100 mm Hg.

Genetic analysis

For both variants, the genotype distributions differed
significantly between patients and controls (p<<0.003;
table 1), and this remained significant after adjustment for
age, smoking, hypertension and diabetes (p<<0.02) and when
the analysis was restricted to men (p<<0.01).

For —572G>C, the C-allele frequency was greater among
patients than among controls (p =0.02), with more people
homozygous for the C allele among those with aneurysms
than among the controls (44 v 0.3%, p=0.001). For
—174G>C, genotyping was successful in 86 subjects, whose
baseline demographics were in no way different from those
in whom genotyping failed (not shown). A greater frequency
of the —174C allele was observed in the control group than in
the patient group (p = 0.001), with more people homozygous
for the C allele among the controls than among those with
aneurysms (18% v 7%, p = 0.007).

As reported previously,® there was strong evidence of
negative linkage disequilibrium between the —174G>C and
—572G>C polymorphisms, among both the controls (—0.96
d’, 0 —0.19) and the patients. There was significant evidence
of a difference in the haplotype distribution between cases
and controls (p<0.0005) (fig 1), with the 572C/174G
haplotype being associated with an increased risk of
aneurysm and the 572G/174C haplotype being protective.

DISCUSSION

We report a marked association between both the —174G>C
and the —572G>C promoter polymorphisms of the IL-6 gene
and clinical presentation of cerebral aneurysmal disease. The
572C/174G haplotype was found to be associated with an
increased risk of aneurysm and the 572G/174C allele with
protection from aneurysms. The inflammatory functions of

Haplotype freq [CONT/CASE] Overall p<0.001

572G 174C [0.43/0.29] I

0.58
572C 174G [0.05/0.11] | B |
1.89
572G 174G [0.51/0.60
0 ] 2 3
Relative risk

Figure 1 Relative risk of cerebral aneurysms by IL-6 —572G>C and

—174G>C haplotypes (bars are 95% confidence intervals). Haplotype
numbers (cases/controls) were —572G/—174G, —572G/—174C and
—572C/—174G. The frequency of the —572C/—174C haplotype was
extremely low (<0.005) and was not included in the calculation of risk.
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IL-6 are well known.® It is now recognised that local IL-6
synthesis can occur in the brain." IL-6 has been implicated in
extracranial aneurysm formation.® * Cytokine levels are also
predictive of coronary aneurysm formation in Kawasaki
disease.” Similar evidence now exists for intracranial
aneurysms. Circulating levels of IL-6 are raised in patients
with ruptured cerebral aneurysms undergoing clipping,** in
both the preoperative and intraoperative situations. Raised
levels of IL-6 were also seen in the internal jugular vein of
patients within the first 4 days after SAH and remained
raised for up to 14 days."” The circulating levels appear to be a
reflection of local synthesis, and CSF samples have shown
increased levels of IL-6 after aneurysmal SAH." "7

IL-6 may also play a part in response to aneurysm rupture.
Local IL-6 is a potent vasoconstrictor of the canine cerebral
artery."” Thus, IL-6 synthesis in response to SAH may cause
the indirect ischaemia associated with vasospasm to become
worse. In addition, IL-6 may cause cerebral injury through
more direct means. IL-6 has powerful cytotoxic effects on
cerebral white matter." In particular, oligodendrocytes of the
periventricular white matter may be particularly vulnerable
to the neuro-cytopathogenic effects of IL-6 after ischaemia,
hypoxic or free radical injury.” Whether directly or indirectly,
IL-6 probably influences the outcome after SAH. In support
of this conjecture, the raised IL-6 levels associated with SAH
correlate strongly with poor prospective neurological out-
COmC.m 17 20

IL-6 polymorphisms have been studied in the brain in
disorders characterised by inflammatory processes. The
—174G allele has been associated with Alzheimer’s disease.”!
Controversy exists about the relationship between the IL-6
—174 alleles and stroke.*” * The G allele has also been shown
to increase the risk of multi-infarct dementia.**

Our study has some limitations. Case—control genotype
frequency comparisons may be confounded by hidden
population stratification. This would be the case in our study
if the patient and control groups were composed of different
proportions of subjects from different regions of the UK and
the frequency of the —572G>C or —174G>C allele was
different across the UK. This seems unlikely as there was no
marked difference in the frequency of either variant among
the nine general practices that made up the Northwick Park
Heart Study-II recruitment sites (not shown), and we have
previously reported little, if any, evidence of such population
stratification by using a large number of single-nucleotide
polymorphisms throughout the genome.” Although the
Northwick Park Heart Study-II comprises only men, and
the patients include both men and women, a difference in
genotype distribution by sex (for an autosomal gene) is
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unlikely, and the data appear to hold for both single-
nucleotide polymorphisms when confined to male patients.

With any case—control design, however, it is not possible to
distinguish between several different mechanisms that could
contribute to observed frequency differences. The —572C
allele appears to increase the risk of aneurysms, but the lower
frequency of the —174C allele may be because it is protective,
or because it is associated with other forms of cardiovascular
disease. Thus, patients with the —174C allele may be dying
from coronary heart disease, as reported previously,” * and so
the frequency of this genotype will be lower in those who
subsequently develop an aneurysm. The frequency of the
—174C allele, however, was similar in patients above and
below the median age (0.39 v 0.24, p=0.06), and so this
possibility seems less likely. Premorbid mortality for SAH is
in the region of 10-15%; hence it must be considered that the
cohort of people who were studied in this population are
those who have survived the initial insult. Thus, there may be
an element of survivor bias.

A final limitation is that we do not have IL-6 levels for the
patient group to explore whether the risk and protective
effects are mediated through plasma or tissue levels of this
cytokine. Obtaining brain tissue samples is difficult, and it is
not clear whether plasma IL-6 levels either preoperation or
postoperation would be directly relevant to this.

In this study, we showed that the IL-6 —174C and —572C
alleles were associated with intracranial aneurysmal disease.
Whether this association is with the development, progres-
sion or rupture of such aneurysms, or represents survivor
bias, is the subject of ongoing research.
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