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I. Introduction

Cerebral infarction is a leading cause of
morbidity and mortality in Korea. Physical and
psychological impairment from cerebral infarction
may negatively affect the quality of life. Cerebral
infarction is a multifactorial disease and various
factors such as atherosclerosis, hypertension,
diabetes mellitus, hyperlipidemia and smoking
interact to increase the risk of developing cerebral
infarcion. Lou e al revealed platelet
hyperaggregability was seen in young patients
with completed stroke”.

Cytokines in cerebral infarction may play an
important role in the response to injury. Especially
anti-inflammatory cytokines such as IL4 may act
in a feedback loop to inhibit continued
proinflammatory  cytokine productionz). Whether
cytokines is a result or cause of the brain injury
process is not certain.

The mechanisms of cytokinés involved in stroke
progression is not revealed completely yet. But
ischernic brain injury such as cerebral infarction is
characterized by acute local inflammatory response
mediated by cytokines.m Recently it was reported
that the mean Interleukin 4(IL4) serum levels
were significantly higher in the patients with
cerebral infarction than in the normal groupsH).

I4 is an anti-inflammatory cytokine that
reduces the production of proinflammatory cytokines
and destructive enzymes*®. For many cytokines
and their receptors, genetic variants have been
described® ™.

The Interleukin 4 Receptor(ILAR)'s chain
genetic  polymorphism was associated with
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immunoglobulin E(IgE) secretion and atopy in
familial ~ studies'. Gene expression can be
regulated by a number of genetic elements located
in the 5-upstream region of the gene. Variances
in this upstream sequence can result in a different
level of gene expression. So far, many genetic
polymorphisms in the 5'-flanking region of the
IL4AR gene have been reported, but in cerebral
infarction II4AR gene polymorphism has rarely
been described.

Whether cytokines is a result or cause of the
brain injury process is not certain. We hypothesized
that the 4R gene would be an important
candidate in the development of cerebral infarction,
Through this study, we investigated the relationship
between single-nucleotide polymorphism (SNP) of
AR and Koeran patients with cerebral infarction.

II. Patients and methods

1. Study population

The control group consisted of 192 apparently
healthy Koreans. Controls were selected from
healthy subjects who has visited for the health
examinations at Kyung Hee medical center from
March, 2003 to December, 2003. The group of
146 are cerebral infarction patients. At first, there
were 153 cerebral infarction subjects, who were
admitted to the stroke service center of the
department of acupuncture & moxibustion, college
of Oriental Medicine at Kyung Hee University.
Among these patients, 7 subjects were excluded
from this study (4 were transported to other
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hospitals, and 3 declined to give consent).
Ultimately, 146 Koreans were enrolled in the
current analysis.

2. Definition of cerebral infarction

We included cerebral infarction patients with
neurological symptoms lasting more than 24 hours
accompanied by corresponding focal density
changes detected by brain computerized tomography
(CT) or magnetic resonance imaging(MRI). This
study excluded patients suffering from epidural (or
subdural) hematoma, brain tumors, and accidental
or iatrogenic cerebral infarction. Final diagnosis of
cerebral infarction was confirmed by serial CT or
MRI findings. In case of CT, cerebral infarction
was identified by gradual or sometimes rapid
development of focal neurological symptoms and
signs, such as hemiparesis, sensory impairment,
and a low-density area in the CT image.

3. Blood sample collection

Blood samples were obtained from the
antecubital vein without regarding to the time of
the last meal. This study was approved by the
ethics review committee of Kyung Hee medical
center. Informed consent was obtained from all
subjects. If patients were incommunicative, it was
obtained from close relatives.

4. DNA preparation and genotyping

Blood samples from all subjects were obtained
for DNA extraction and collected in EDTA tube.
Genomic DNA was extracted using DNA isolation
kit for Mammalian Blood (Boehringer Mannheim,
IN, USA). According to the method of Lesch et
al, with minor modifications, the extracted DNA
was amplified by polymerase chain reaction(PCR)'?.
The AR gene (110-bp) was amplified using 25
ng of DNA, 5 pmol of each primer. IL4R forward
was 5'-GAAACCTGGGAGCAGATCCT-3' and II4R

reverse was 5'-TCCACCGCATGTACAAACTC-3'.

The PCR amplification was performed by
using 0.5 unit Taq polymerase (HT Biotechnology
Ltd., Cambridge, United Kingdom). The 30 wl of
PCR reaction mixtures were 10 mM Tris-HCl, pH
90, 15 mM magnesium chloride, 50 mM
pota§sium chloride, -01% Triton-X 100, 001 %
[v/v] stabilizer, 025 mM of each deoxynucleotide
triphosphate (ANTP), 0.1 M of each oligonucleotide
primer. The PCR steps were denaturation of 5
minutes at 9%C, 30 cycles of 30 seconds at 95T,
30 seconds at 60°C, and 30 seconds at 72°C with
a Thermocycler (Astech, Fukuoka, Japan). The
reverse primer was biotinylated to allow the
preparation of single-stranded DNA. The quality
of PCR products was controlled by 15% of
agarose gel electrophoresis.

The performance of DNA Preparation for
pyrosequencing was based on manufacturer’s
standard protocol (Pyrosequencing AB, Uppsala,
Sweden)”®. The streptavidin sepharose beads
(Streptavidin Sepharose HP, Amersham Pharmacia
Biotech, Uppsala, Sweden) were immobilized to
PCR products. The sequencing primer of IL4AR
was H'-CCCACCAGTGGCTAT-3' and it was
designed so that the terminal residue hybridized to
the base immediate adjacent to the A/G mutation
at position +1902 of the IL4R gene (refSNP ID:
rs1801275) from Pyrosequencing AB (hitp//www.
pyrosequencing.com)ls). By incubation at room
temperature for 10 minutes, 20 ul of biotinylated
PCR products were immobilized onto streptavidin-
coated sepharose beads, the immobilized PCR
products were transferred to a Millipore 96-well
filter plate (Millipore, Bedford, MA, USA). Vacuum
was used to eliminate the different solutions and
reagents to obtain pure, single-stranded DNA
while the beads remained in the wells. In 55 ul of
4 M acetic acid containing 035 uM of 4R
sequencing primer the beads with the immobilized
template were resuspended. Then, the 45 ul of
suspension was transferred to a PSQ 9% plate
{Pyrosequencing AB, Uppsala,Sweden)M). By using
PSQ % Sample Prep Thermoplate (Pyrosequencing
AB, Uppsala, Sweden) the PSQ 96 plate
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containing the samples were heated at 90C for 5
minutes for sequencing primer annealing, and
moved to room temperature for 10 minutes. Next
the PSQ 9% Plate was placed into the process
chamber of the PSQ % instrument (Pyrosequencing
AB, Uppsala, Sweden)®. The enzymes, substrates,
and nucleotides were dispensed from a reagent
cassette into the wells by using the PSQ 96 SNP
Reagent kit (Pyrosequencing AB, Uppsala, Sweden),
The light was generated when a nucleotide is
incorporated into a growing DNA strand™?.
Through this process the polymorphism of the
4R was genotyped automatically.

5. Statistical analysis

Students’ t-test was used in order to compare
the age of cerebral infarction patients and controls. ¥°
tests or Fisher's exact test was used to compare
the sex, the distribution of the genotypes and the
frequencies of alleles between cerebral infarction
patients and controls. The genotype data were
tested for Hardy-Weinberg equilibrium using the
goodness—of-fit test. P-values of less than 0.05
were considered significant.

II. Results

1. Clinical characteristics of cerebral
infarction patients and controls

The characteristics of the patients and controls
are shown in Table 1. There was no significant
difference between the patients and controls in
age and sex.
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2. Genotype and allele frequencies of
polymorphism in IL4R" gene in cerebral
infarction patients and controls

The homozygote and  heterozygote genotypes
of - IL4AR gene are seen in Figure 1,2 and 3. The
distribution of genotypes and allelic frequencies
are shown in Table 2 and 3. The observed
genotype frequencies of cerebral infarction patients
(P=0.147) and the control group (P=0.207) did not
show significant difference predicted by the
Hardy-Weinberg equation. As for ILAR genotypes
distribution of A/A homozygotes, A/G heterozygotes,
and G/G homozygotes, there was no significant
difference between control and cerebral infarction
group (P=0919) . About allele frequencies distribution,
there was no significant difference between
control and cerebral infarction group (P=0.908).

3. Genotype and allele frequencies of
polymorphism in IL4R gene in hypertension
or diabetes mellitus patients and controls

We analysed the genotypes distribution between
controls and hypertension or diabetes mellitus
patients. The observed genotype frequencies of
hypertension patients (P=0274) and diabetes
mellitus patients (P=0523) did not show significant
difference predicted by the Hardy-Weinberg
equation. There was no significant difference
(P=0954, P=0919 respectively). As for the
comparison of allele frequencies distribution
between controls and hypertension or diabetes
mellitus patients there was no significant
difference (P=0.756, P=0.692 respectively).
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Table 1. Clinical characteristics of cerebral infarction patients and controlé

Controls Cerebral infarction patients . . P value
(n=192) (n=146)
Male / Female 100 / 92 7 /67 0.714
Age, mean+SD, y 623 £ 57 641 + 114 0.060
Hypertension (%) 81 (55.4)
Diabetes mellitus (%) 59 (404)

X* test was used to compare the values of cerebral infarction patients and controls for sex. Age was compared
by Students’ t test

Table 2. Genotype and allele frequencies of polymorphism in IL4R gene in cerebral infarction patients
and controls

Genotype (96) Allele Frequency (%)
AA AG GG P value A G P value
. 145 a1 6 31 53
Controls (n=132) (75 (L4 G 82 (138
Cerebral infarction patients 113 29 4 0.919 225 37 0.908
(n=146) (77.4) (19.8) 2.8 (85.9) 14.1)

X tests or Fisher's exact test was used to compare genotypes and allele frequencies between controls. and
cerebral infarction patients

Table 3. Genotype and allele frequencies of polymorphism in IL4AR gene in hypertension or diabetes
mellitus patients. and controls '

Genotype (%) AlleleFrequency (%)

AA AG GG P value A G G P value

14 41 331 53
Controls (n=192) <75.%) (21.4) (36.31) (86.2) (138)
Hypertension 60 18 3 0.9x4 138 24 0.756
(n= 81) (74.1) (22.2) (37 (85.2) (14.8)
Diabetes 43 14 2 0.919 100 18 0.692
Mellitus (72.9) (23.7) (34) (84.8) (15.2)

(n= 59)

X* tests or Fisher's exact test was used to compare genotypes and allele frequencies between controls and
hypertension or diabetes mellitus patients

43



The Journal of Korean Acupuncture & Moxibustion Society Vol. 23. No. 1. February 2006

117

116

114

113

112

109

108

107

t

|
|
\

k‘ } H
IR

2]

!

‘
|
i
|

\

i
.
|

4
i I
A P MWW

|
N b g b g

Fig. 1. Pyrosequencing result of G/G homozygote genotype of the IL4R gene
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Fig. 2. Pyrosequencing result of A/G heterozygote genotype of the ILAR gene
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Fig. 3. Pyrosequencing result of A/A homozygote genotype of the IL4R gene

V. Discussion

Stroke is a clinical concept of neurological
disorder characterized by ' an acute faint,
unconsciousness, excessive phlegm, hemiparalysis,
dysphasia, facial palsy and motor disorder, etc.,
also, is called cerebro—vascular accident (CVA) in
Western Medicine™.  Stroke develops several
complications, among that sequela of stroke like
motor disorder affects the family as well as the
patient with great psychological and financial
stress. Stroke is the one of the most fatal disease
following cancer in Korea. It is the most frequent
disease as the cause of admission of most
Oriental Medical hospitals.

In Oriental Medicine, cerebral infarction has
been called wind-stroke syndrome (Chungpung). It

is syndrome due to external affection by the

pathogenic wind. To treat wind-stroke syndrome,
it has used acupuncture, moxibustion and herbal
medicines.

Genetic factors appear to contribute to virtually
every human disease, conferring susceptibility or
resistance, affecting the severity or progression of
disease, and interacting with environmental
influences. Trying to get the information about
genetic variation is important for understanding
how genes function or malfunction, and genetic
and functional variation are related.

114 plays a major role in IgE production. Its
signal is conferred to effector cells through
binding to the alpha chain of the IL4R. II4 is a
cytokine produced by T cells that regulates
proliferation and differentiation of a variety of
cells. It modulates the activity of these cells
following binding to cell surface receptors. By
hybridization cDNA

Cross-species using a
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(complementary DNA) encoding the murine ILAR,
Idzerda et al'® isolated cDNAs encoding the
human II4R. The amino acid sequence of its
extracellular domain defined it as a member of the
hematopoietin receptor superfamily.

About IAR gene function Zurawski et al'.
presented data demonstrating that IL4R is a
complex of at least 2 components. One is a novel
affinity converting subunit that is critical for cellular
signal transduction. Ihle and Kerr™ reviewed the
activation cascade involving cytokines, IL4R and
other cytokine receptors, the Janus kinases, and
the signal transducers and activators of transcription.

Kotanides and Reich™ identified a specific
STAT6(Signal transducer and activator of
transcription 6) DNA-binding target site in the
promoter of IL4R and showed that STATS6
activates IL4 gene expression. via this site.
Because 114, TL13 and their specific signaling
pathways are considered attractive targets for the
treatment of allergy and asthma, Kelly-Welch et
al? reviewed the signaling connections of these
cytokines, II4 interacts with ILAR in high affinity,
leading to dimerization with either the common
gamma chain, a component of receptors for a
number of cytokines, to create a type I receptor,
or with IL13RA1(nterleukin 13 receptor alpha 1)
to form a type II receptor. Kelly-Welch et a®,
proposed that subtle differences in L4 and IL13

signaling due to polymorphisms near docking sites

in II4AR may have profound implications for
allergy and asthma. By examining genes regulated
by NFATC2 (Nuclear factor of activated T-cells,
cytoplasmic 2) in muscle, Horsley et al*
identified the cytokine IL4 as a molecular signal
that controls myoblast fusion with myotubes.
Pritchard et al® localized the ILAR gene to
16p12.1-p112 by in situ hybrdization and
Southern blot analysis of DNA from a panel of
mouse-human somatic cell lines. By interspecific
backcross analysis, they assigned the mouse
homolog to the distal region of chromosome 7.
Thus, the II4R locus is unlinked to other
members of the hematopoietin receptor family.
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Suzuki et al”. demonstrated that the murine ITAR
gene is closely linked to the homolog of the LFAL
(Lymphocyte Function-Associated Antigen 1) gene
on chromosome 7.

Khurana Hershey et al””. noted that the ILAR
is composed of 2-subunits a 140-kd alpha subunit,
which binds T4 and transduces its growth-
promoting and transcription-activating functions,
and a gamma-c subunit, common to several
cytokine receptors, that amplifies signaling of
II4R alpha. The central role played by IL4R alpha
in regulating production of IgE prompted, Khurana
Hershey et al® to investigate possible mutations
in the gene that would enhance receptor signaling
and hence precipitate atopy. Using single-strand
conformation polymorphism(SSCP) analysis and
DNA sequencing, they searched for mutations in
the alpha-subunit of the IL4R that might
predispose persons to atopy. They examined the
prevalence of alleles among patients with allergic
inflammatory disorders and among 50 prospectively
recruited adults. Subjects with atopy were
identified on the basis of elevated serum IgE level
or a positive radioimmunosorbent test in response
to standard inhalant allergens. An arg576 allele of
II4AR was found to be strongly associated with
atopy. It had previously been demonstrated that
gain-of-function polymorphisms in the I14 gene
are associated with increased output of 14, which
in tun is associated with ~asthma, skin-test
positivity, and higher total concentrations of
serum IgE.

Besides, there are many association studies of
ILAR alleles with atopy or asthma®™ 32), though
Patuzzo et al® could find no evidence of linkage
or association of atopic asthma with this mutation
in 851 Italian subjects with atopic asthma.

Recently, it was reported that IL4 serum levels
were higher in the patients with cerebral infarction
than in the normal groupse’), IL4 levels were also
found similar in patients with or without neurological
worsening in the patients with cerebral infarction”.

In cerebral infarction many polymorphism were
investigated and some polymorphism such as 1-
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antichymotrypsin gene was associated™. However
some polymorphism such as promoter of
lipopolysaccharide receptor CD14 was not
related™.

About the association of ILAR polymorphism
with stroke it was reported that the combination
of TNF (-308) G/G homozygosity and the ILAR
503P variant carrier status was associated with a
particularly strong predisposition to large-vessel
stroke®.

In our study the observed genotype frequencies
of cerebral infarction patients (P=0.147) and the
control group (P=0.207) did not show significant
difference predicted by the Hardy~Weinberg equation.
As for IL4R genotypes distribution of A/A, A/G,
and G/G genotypes there was no significant
difference between control and cerebral infarction
group (P=0919). About allele frequencies distribution,
there was no significant difference between
control and cerebral infarction group (P=0.908).

Han et a™ performed genetic analysis about
IL-4R polymorphisms in stroke patients. In that
study, there was no significant difference between
control and stroke group. However, that study
was for not only cerebral infarction but also
cerebral hemorrhage patients, and the population
was too small,

This is the report to have shown the
association of IIAR gene polymorphisms with
cerebral infarction by use of CT or MRI findings.
The HOAR is composed of multiple chains,
including a specific chain and a vV ¢ chain. In the
IAR a-chain gene, an A—G transition at nucleotide
1902, causing a change from glutamine to arginine
at codon 576, has been described and the presence
of this rare allele has been associated with
familial hyper-IgE syndrome and atopym.

Zee et al® performed population-based, prospective
genetic analysis about IL-4 polymorphisms to
prospectively determine whether candidate gene
polymorphisms contribute to stroke risk. They
genotyped IL-4 polymorphisms among 319
individuals who subsequently developed ischemic
stroke and among 2092 individuals who remained

free of rteported cardiovascular disease over a
mean follow-up period of - 132 years. After
adjustment for multiple comparisons, a CB82T
polymorphism in the IL-4 gene were found to be
independent predictors of thrombo-embolic stroke
(OR=140, 95% CI 1.13-1.73, P=0.003). That study
was: not for A—G transition at nucleotide 1902 in
the IL-4R, but C582T polymorphism in the IL-4.

There is increasing evidence implicating
immune system dysfunction in the pathogenesis of
hypertension in both hypertensive human subjects
and  experimental animal models® . In
hypertensive patients, elevated plasma levels of
immunoglobulinsm, and increased incidence of
autoreactive antibodies to arterial wall antigens
and antinuclear antigens have been reported“_w.

Cytokines secreted by T lymphocytes play a
key role in the induction and development of the
immune response. In mice, two distinct subtypes
of T helper cells have been identified: T helperl
(Thl) cells producing more IFN-g, IL-2, TNF b
and T helper 2 (Th2) cells producing IL-4, IL-5,
IL-6, IL-10 and IL-13°.

IL-4 is one of the important regulators of
T-lymphocyte  function. IL-4  drives the
development of Th2 cells and thereby regulates
antibody production or humoral immunity.

Association studies with candidate genes
involved in immune responses, such as those
encoding elements of the T cell activation pathway,
represent one approach to finding type 1 Diabetes
Mellitus (TID) disease genes. Among these genes,
114 have been shown to protect against diabetes
development in  rodent models  of TID‘“’,
suggesting the possibility that cytokines involved
in the Thl and/or Th2 pathways may play a role
in TID pathogenesis"ﬁ). ,

14 is one of the key components in the
induction of the Th2 lymphocyte phenotype and
the downregulation of the Thl lymphocyte
phenotype. In humans, IIA4 transcript levels are
greatly reduced in new-onset T m®.

The effects of 14 on Thl/Th2 balance and on
other immune vphenotypes are mediated via
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binding to a receptor containing the ILAR
chain”.

Therefore, we investigated the effect of IL4AR
gene on the development of hypertension or
Diabetes Mellitus in cerebral infarction patients by
case-control genetic association study.

In the II4R genotypes distribution, there was
no significant difference between control and
cerebral infarction group (P=0919). The comparison
of genotypes distribution between controls and
hypertension or diabetes mellitus patients there
was no significant difference (P=0954, P=0919
respectively). In addition, about allele frequencies
distribution there was no significant difference
between control and all cerebral infarction group,
hypertension patients or diabetes mellitus patients
(P=0.908, P=0.796, P=0.692 respectively).

Our results suggest that the investigated IL4R
polymorphisms might not be the susceptibility
factors in the etiology of cerebral infarction. Genetic
factors and environmental factors are both critical
in the development of cerebral infarction.

So far, it is very difficult to apply the results
from genetic studies to the patients. With regard,

to cerebral infarction risk additional epidemiologically

based studies of the relationship between IL4R or
other genes and lifestyles are required. Establishment
of more ‘systemic approach and high quality of
prospective cohorts will be necessary for the good
prediction of genetic markers.

V. Conclusions

In this thesis the IL4R genotype might not be
the risk factor or a good predictive genetic marker
for Korean Patients with cerebral infarction. Further
studies including different cytokine genes will be
necessary for the exact genetic markers.
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