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Abstract

In this study, we investigated whether a single nucleotide polymorphism (rs42524 G > C) in the
type | alpha 2 collagen gene was associated with sporadic ruptured intracranial aneurysm or its
clinical characteristics in patients from Northeast China. Genotyping of the rs42524 G > C
polymorphism was carried out using a polymerase chain reaction-restriction fragment length
polymorphism assay. The data showed that the frequency of the rs42524 GC + CC genotype was
significantly higher than the GG genotype among intracranial aneurysm patients whose Hunt and
Hess grading scale was > 3. In addition, the rs42524 G > C genotype was found to have a
statistically significant association with intracranial aneurysm risk. These findings indicate that the
type | alpha 2 collagen gene gene may be involved in a predisposition to intracranial aneurysm in
the Northeast Chinese population. Crucially, the rs42524 C allele may be an important risk factor for
increased severity of the condition in patients with ruptured intracranial aneurysms.
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Research Highlights

(1) The frequency of the type | alpha 2 collagen gene single nucleotide polymorphism rs42524 GC +
CC genotype was significantly higher than the GG genotype among patients with intracranial
aneurysms in Northeast China, whose Hunt and Hess grading was > 3.

(2) The C allele of the type | alpha 2 collagen gene single nucleotide polymorphism rs42524 may be
an important risk factor for increased pathology in patients with ruptured intracranial aneurysms.

INTRODUCTION

Intracranial aneurysm is a life-threatening
condition. Not enough is known about the
links between intracranial aneurysm and an
individual’s genetic make-up. In addition, we
do not know whether the prognosis following
a ruptured intracranial aneurysm is linked to
an individual’s genotype. In this study, we
investigated the relationship between

intracranial aneurysm and the type | alpha 2
collagen gene. Intracranial aneurysm is a
cerebrovascular disorder characterized by
abnormal local distension of the intracranial
artery. Whilst the overall incidence of
ruptured intracranial aneurysm is low
(18-23/100 000 per year)™, the incidence of
intact intracranial aneurysm is estimated at
2.7-6.5%, according to autopsy reports and
angiographic evaluations®“. Intracranial
aneurysm may occur at any age,
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but is more common in females than males®®®.. Currently,
intracranial aneurysm is considered a multigenic disease
caused by genetic and environmental factors”*?.

However, the pathogenesis of intracranial aneurysm is
not clear, and this increases the difficulty in treating it.
Here, we investigated a single nucleotide polymorphism
(SNP) within the type | alpha 2 collagen gene gene
(rs42524 G > C) in samples from 367 patients with
sporadic intracranial aneurysm and 396 controls. This
randomized study in the Northeast of China explored
associations between genetic polymorphism and the
clinical characteristics of intracranial aneurysm and
compared the results with a similar study undertaken in
Japan'l,

RESULTS

Quantitative analysis of subjects

A total of 367 sporadic intracranial aneurysm patients
were recruited from the Department of Neurosurgery at
the First Affiliated Hospital of China Medical University;
these patients served as the case group. Another 396
patients exhibiting tumors of the nervous system, without

intracranial aneurysm, were included in the control group.

In the case group, there were 128 males and 239
females, with a median age of 52.82 + 10.19 years,
whilst the control group comprised 197 males and 199
females, with a median age of 51.61 + 12.57 years. A
significant difference in the gender composition was
found between the two groups (two-sided fourfold table
chi-squaretest, P < 0.001), but no difference in age
(mean £ SD, P > 0.05). All of the subjects were included
in the end-point data analysis; no patients dropped out or
were lost from the study.

Electrophoresis pattern for type | alpha 2 collagen
gene (single nucleotide polymorphism rs42524) PCR
products from intracranial aneurysm patients

The PCR products amplified from the type | alpha 2
collagen gene locus (single nucleotide polymorphism
rs42524) were 128 bp in length (Figure 1).

Restriction endonuclease analysis of the type | alpha
2 collagen gene gene (single nucleotide
polymorphism rs42524) PCR products from
intracranial aneurysm patients

Figure 2 shows that following restriction with Bsa JI, the
rs42524 homozygous C allele was 128 bp in length. In
contrast, the homozygous allele G allele produced bands
of 107 bp and 21 bp, whereas bands of 128 bp, 107 bp
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and 21 bp were associated with heterozygotes.
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Figure 1 Type | alpha 2 collagen single nucleotide
polymorphism rs42524 PCR products from the case

group.
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Figure 2 Restriction digests of the collagen type | alpha 2
gene single nucleotide polymorphism rs42524 in the case

group.

Age distribution of intracranial aneurysm patients
In the 367 intracranial aneurysm patients analyzed, 236
(64.3%) of the cases were in the 40-59 year age
(Figure 3).
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Figure 3 Age distribution of intracranial aneurysm patients.
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Clinical characteristics of the intracranial aneurysm
patients versus the control group

The characteristics of the study population and its
association with intracranial aneurysm are presented in
Table 1.

Table 1 Clinical characteristics of IA patients vs. controls
Parameter Controls [n (%)] vs. IA patients [n (%)]
Sex
Male 197 (49.75) vs. 128 (34.88)
Female 199 (50.25) vs. 239 (65.12)
Age (year)
<65 336 (84.85) vs. 324 (88.28)
265 60 (15.15) vs. 43 (11.72)
Fasting blood glucose (mM)
<6.8 239 (60.32) vs. 99 (26.98)
>6.8 157 (39.68) vs. 268 (73.02)
Blood pressure (mmHQg)
< 140/90 249 (62.88) vs. 161 (43.87)
= 140/90 147 (37.12) vs. 206 (56.13)
Parameter X P OR 95%ClI
Sex
Male 17.225 < 0.001 1.848 1.381-2.474
Female
Age (year)
<65 1.925 0.165 0.743 0.488-1.131
265
Fasting blood glucose (mM)
<6.8 86.001 0.001 4.121 3.034-5.597
>6.8
Blood pressure (mmHg)
< 140/90 27.687 0.001 2.167 1.622-2.896
= 140/90 17.225 < 0.001 1.848 1.381-2.474
There were significant differences in terms of the distribution for
gender, fasting blood glucose levels and blood pressure readings
between cases and controls (P < 0.01). Two-sided fourfold table
chi-square test. 1 mmHg = 0.133 kPa. IA: Intracranial aneurysm.

There were significant differences in terms of the gender
distribution between the cases and controls (x?= 17.225,
P <0.001, OR = 1.848, 95%CI = 1.381-2.474).
Intracranial aneurysm cases tended to have higher
fasting blood glucose levels and blood pressure readings
(¥*= 86.001, P < 0.001, OR = 4.121, 95%CI =
3.034-5.597, )(2: 27.687, P <0.001, OR =2.167,
95%CI = 1.622-2.896, respectively). However, there
were no significant differences regarding the age
distribution between the cases and controls.

Correlation between the rs42524 G > C type | alpha 2
collagen gene single nucleotide polymorphism and
intracranial aneurysm

The genotypes and allele distributions for the type | alpha
2 collagen gene rs42524 G > C polymorphism for the
intracranial aneurysm cases and controls are shown in
Table 2.

Table 2 Genotypes of the type | alpha 2 collagen gene
single nucleotide polymorphism rs42524 in |A patients vs.
controls [n (%)]

) . Odds ratio®
Genotype IApatients  Controls X (P) (95%Cl)
GG  272(74.11) 212 (53.53) 34.777 2.485
CG  95(25.89) 181(45.71) (<0.001) (1.830-3.374)
cc 0 (0) 3(0.76)

a, b: GG vs. CG + CC genotypes (two-sided fourfold table
chi-square test). IA: Intracranial aneurysm.

The distributions of the type | alpha 2 collagen gene
rs42524 G > C polymorphism in the cases and controls
were consistent with a Hardy-Weinberg equilibrium, and
the frequency of the type | alpha 2 collagen gene
rs42524 G > C genotype was statistically significant
between both cases and controls (x* = 34.777, P < 0.001,
OR = 2.485, 95%CI = 1.830-3.374); this finding indicates
that there is an association between the rs42524 G > C
polymorphism and sporadic intracranial aneurysm in
Northeast China. It appears likely, therefore, that the type
| alpha 2 collagen gene gene could be one of a number
of genes that predispose people to intracranial
aneurysm.

Correlation between the type | alpha 2 collagen gene
rs42524 G > C polymorphism and the clinical
characteristics of intracranial aneurysm

We also investigated associations between the rs42524
G > C genotype and various clinical features among the
intracranial aneurysm patients (Table 3). The data
showed no correlations between gender, age, blood
pressure, fasting blood glucose, or Fisher scale and the
rs42524 G > C genotype. However, the frequency of the
type | alpha 2 collagen gene rs42524 single nucleotide
polymorphism and the GC + CC genotype was
significantly higher than the GG genotype among
intracranial aneurysm patients whose Hunt scale score
was > 3 (x*=24.208, P < 0.001, OR = 3.278, 95%CI =
2.019-5.320).

DISCUSSION

Single nucleotide polymorphisms are the most frequent
types of polymorphisms seen in the human genome.
Such polymorphisms include nucleotide substitutions,
transversions, deletions and insertions.

In the human genome, a single nucleotide polymorphism
occurs once every 1 000 bases and there are about 3 x
10° single nucleotide polymorphisms in total™®.
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Single nucleotide polymorphisms can be used to unravel
connections between genes and disease in human
populations. Advances in the human genome project
have allowed researchers to use single nucleotide
polymorphism data to explore associations between
genes, phenotypes, and diseases, especially complex
diseases where more than one gene is involved. Hence,
single nucleotide polymorphisms have become an
important research tool in medical genetics™™®. There
are 19 different types of collagen within the collagen
protein family and variations in collagen structure can
cause disease.

In the intracranial artery, type | collagen is mainly located
in the arterial wall, but is also an important constituent of
the extracellular matrix. Single amino acid substitutions
in type | collagen are common and glycine substitution
frequently results in disease. The type | alpha 2 collagen
gene gene, located on chromosome 7¢22.1, is 38 kb in
length and has 52 exons. Various studies have shown
that collagen is associated with intracranial aneurysm
and its predisposition® ** 72,

Sporadic intracranial aneurysms can occur at any age,
but are most frequently seen in people aged 40 to 49
years™™. In this study, the intracranial aneurysm rate
increased significantly in the 40-59 year-old age group
(63%), peaked in 40-49 year-olds, but decreased after
aged 70 years. Other studies have indicated that
advanced age can increase the pathogenicity of other
risk factors associated with the disease, such as
hypertension, diabetes and being female?*?*.,

In the present study, significant differences between the
gender distribution of the two groups were identified
(Table 1). Consistent with this finding are the results of
a different study where disease prevalence and the risk
of intracranial aneurysm rupture were both more
common in females than males'™. One possible reason
to account for this is that estrogen may inhibit the
formation of intracranial aneurysm by maintaining the
level of collagen in the cerebral vessel walls. In
post-menopausal women, however, decreased levels of
estrogen appear likely to increase the likelihood of
suffering from intracranial aneurysm®*,

In this study, intracranial aneurysm patients tended to
have higher fasting blood glucose levels and elevated
blood pressure readings. Similarly, a Chinese study
showed that hypertension and fasting blood glucose
levels were associated with intracranial aneurysmlzs],
whilst a Japanese study showed an association
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between hypertension and intracranial aneurysm®®.
Data obtained from several studies support these
findings®® 272,

Our study investigated whether an association exists
between genetic polymorphism in the type | alpha 2
collagen gene rs42524 single nucleotide polymorphism
G > C in the Northeast of China and sporadic
intracranial aneurysm, something that has not been
investigated previously. The results showed that the
frequency of the type | alpha 2 collagen gene single
nucleotide polymorphism rs42524 G > C genotype for
intracranial aneurysm patients and controls was
statistically significant, thus indicating an association
between the rs42524 single nucleotide polymorphism
and sporadic intracranial aneurysm in this part of China.
Type | alpha 2 collagen gene gene may be one of the
genes that predispose an individual to intracranial
aneurysm. The association identified between rs42524
G > C polymorphism and the risk of intracranial

aneurysm is consistent with a Japanese study™.

A surprising finding was that the frequency of type |
alpha 2 collagen gene single nucleotide polymorphism
rs42524 GC + CC genotype was higher than that of the
GG genotype among intracranial aneurysm patients
whose scale of Hunt and Hess grading was > 3. This
suggests that the type | alpha 2 collagen gene rs42524
C allele may increase disease severity. In addition, our
study showed that there was no significant difference
between the frequency of the type | alpha 2 collagen
gene rs42524 GC + CC genotype and the GG genotype
with respect to gender, age, blood pressure, fasting
blood glucose level, or Fisher's grade among
intracranial aneurysm patients. The C allele may be an
important risk factor for disease severity. The increased
risk of intracranial aneurysm in CC carriers of the
rs42524 polymorphism may be a result of damage to or
reduction of the integrity of the extracellular matrix. This
could explain why the intracranial aneurysm pathology
might be worse for such individuals.

The present study has some limitations. One is the
relatively small sample size, which could have resulted
in a less precise estimation of the association between
type | alpha 2 collagen gene polymorphisms and
intracranial aneurysm susceptibility. The other is that
the study population was confined to the Northeast of
China, thus the results may not apply to other
populations.

In conclusion, our results indicate that sporadic
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intracranial aneurysm mostly occurs in people aged
40-59 years, but peaks at 40—49 years. Our results also
showed an association between the type | alpha 2
collagen gene rs42524 G > C polymorphism and
increased risk of developing intracranial aneurysm, with
females being at higher risk of the condition. Fasting
blood glucose and hypertension were found to be
significantly associated with intracranial aneurysm.
Notably, the allele C is possibly the most important risk
factor for a more severe illness. Studies thus far have
provided evidence for racial and ethnicity-based
differences in the genes that predispose individuals
towards intracranial aneurysm®=3Y. Further studies
should be done, ideally in different populations, races
and nationalities, and such results could be verified by
experiments in transgenic animals.

SUBJECTS AND METHODS

Design
A case-control study.

Time and setting

Experiments were performed in the Central Laboratory of
China Medical University from March 2007 to January
2008.

Northeast of China. Case group: the trial recruited 367
sporadic intact intracranial aneurysm patients and 396
control subjects. The patients comprised 128 men and
239 women who had been diagnosed by digital
subtraction angiography, three-dimensional computed
tomography angiography, or magnetic resonance
angiography. Diagnoses for these patients were
confirmed by neurosurgical operations performed at
the Department of Neurosurgery, First Affiliated
Hospital of China Medical University in China. Control
group: 396 controls, consisting of 197 men and 199
women, were randomly selected among people
admitted to the same hospital during the same time
period. These patients had tumors of the nervous
system but no intracranial aneurysm as determined by
digital subtraction angiography, three-dimensional
computed tomography angiography or magnetic
resonance angiography.

All subjects were informed about the program and its
potential risks before starting and informed consent was
obtained according to the Administration Regulations of
Medical Institution, formulated by the State Council of the

People's Republic of China®?.

All subjects agreed to ulnar vein blood samples being
taken; these were collected in anticoagulant test tubes
prior to analysis. Detailed information and categorization

Subjects of risk factors including gender, age, blood pressure and
The subjects were unrelated individuals from the fasting blood glucose is shown in Table 3.
Table 3 Correlation between COL1A2 single nucleotide polymorphism rs42524 G > C genotypes and clinical features of
intracranial aneurysm in patients
Genotypes of COL1A2 rs42524 G > C [(n) %]
Parameter X (P) Odds ratio (95%Cl)
GG GC+CC
Sex
Male 101 (27.5) 25 (6.8) 3.654 (0.056) 1.654
Female 171 (46.6) 70 (19.1) (0.985-2.778)
Age (year)
<65 223 (60.8) 81 (22.1) 0.532 (0.466) 0.787
= 65 49 (13.3) 14 (3.8) (0.412-1.501)
Blood pressure (mmHg)
< 140/90 125 (34.1) 37 (10.1) 1.403 (0.236) 1.333
= 140/90 147 (40.0) 58 (15.8) (0.828-2.146)
Fasting blood glucose (mM)
<6.8 77 (21.0) 22 (6.0) 0.948 (0.330) 1.310
>6.8 195 (53.1) 73 (19.9) (0.760-2.259)
Hunt and Hess grading system
< 184 (50.1) 37 (10.1) 24.208 (0.001)* 3.278
> I 88 (24.0) 58 (15.8) (2.019-5.320)
Fisher's grade
<l 202 (55.0) 73 (19.9) 0.249 (0.618) 0.870
>l 70 (19.1%) 22 (6.0) (0.502-1.505)
3p < 0.001, GC + CC vs. GG genotype (two-sided fourfold table x*test). COL1A2: Type | alpha 2 collagen; 1 mmHg = 0.133 kPa.
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Methods

Primer design

Two milliliter samples were collected from the ulnar vein
of each subject, after which DNA was extracted using
potassium iodide, and qualified by ultraviolet
spectrophotometry. The type | alpha 2 collagen gene
single nucleotide polymorphism rs42524 G > C
genotypes were determined using a PCR-restriction
fragment length polymorphism assay™?. The primers
were designed using Primer 5.0 (Applied Takara
Biotechnology, Dalian, China), and then synthesized.
The sequences of these primers are shown in Table 4.

Table 4 Primers used in this study

Primers of collagen type | alpha 2 single nucleotide  Product
polymorphism rs42524 G > C (5'-3) size (bp)
Forward: GAAAAG GTG AAC AGG GTC 18

Reverse: TGT GGT GGA GAA GAG AGG

Type | alpha 2 collagen gene single nucleotide
polymorphism rs42524 detected by PCR-restriction
fragment length polymorphism

Five nanograms of genomic DNA was amplified in a 20 pL
reaction volume containing 10 x PCR buffer, 100 nM of
each primer, 160 nM of each dNTP, and 0.1 U of
AmpliTag Gold DNA Polymerase (Applied Takara
Biotechnology, Dalian, China). The PCR conditions were
as follows: initial denaturation at 94°C for 7 minutes,
followed by 35 cycles of denaturation at 94°C for

30 seconds, annealing at 53°C for 30 seconds, and
extension at 72°C for 30 seconds, and a final extension
at 72°C for 7 minutes. Thermocycling was conducted
using the GeneAmp PCR System (model 9700, Applied
Biosystems, USA). PCR products were analyzed using
2% agarose gels to determine their purity.

The National Center of Biotechnology Information
database (http://www.ncbi.nlm.nih.gov) was used to
determine the restriction endonuclease cutting site for
the rs42524 single nucleotide polymorphism. On the
basis of this information, Bsa JI was selected using the
New England Biochemical Laboratory Website
(http://lwww.neb.com). Bsa Jl was obtained from Applied
Takara Biotechnology (Dalian, China). Ten nanograms
of each type | alpha 2 collagen gene PCR product was
added to a 20 pL reaction mixture containing 10 x buffer
K and 100 nM Bsa JI. Reactions were incubated in a
37°C water-bath overnight. The reaction products were
run on 2% agarose gels. Samples with homozygous C
alleles produced 128 bp bands; homozygous G alleles
produced 107 and 21 bp bands, whilst heterozygotes
produced bands of 128, 107 and 21 bp in length.
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Statistical analysis

Data were analyzed with SPSS 13.0 statistical software
(SPSS, Chicago, IL, USA). Numerical data were
analyzed using a two-sided fourfold table chi-square
test. A level of P < 0.05 was considered a statistically
significant difference.
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