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Abstract

Recently, a large-scale genetic epidemiological study has shown significant association of single nucleotide polymorphisms (SNPs) in the
protein kinase C v (PRKCH) gene with cerebral infarction, particularly, with lacunar infarction. To extend the findings, we tested association
of two SNPs previously reported — rs3783799 and rs2230500 - in PRKCH with silent lacunar infarction (SLI), which has drawn substantial
attention in the aging societies. Disease association was tested in the case—control study design. Subjects with and without SLI were recruited
from people who underwent a health-screening examination including brain MRI. Two SNPs were genotyped and proven to be in complete
linkage disequilibrium (D' = 1,00, 7 = 1.00) and thus showed comparable results of disease association, which were reproduced in two panels
collected independently. In the entire population involving 295 cases and 497 controls, two SNPs remained to be significantly associated
with SLI under a dominant model even after adjustment for confounding factors such as hypertension (e.g., genetic effects of rs2230500,
P=0.0026 for AA + AG vs. GG, adjusted odds ratio = 1.27; 95% CI, 1.09-1.48). As the two SNPs appear to be common only in Asian people,
further replication study is warranted in the other Asian populations as well as the Japanese.
© 2007 Elsevier Treland Ltd. All rights reserved.
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1. Introduction cant association of single nucleotide polymorphisms (SNPs)
in the protein kinase C m (PRK'CH) gene with cerebral infarc-
Stroke is a major cause of cognitive dysfunction, disabil- tion, particularly, with lacunar infarction [4]. Notably, this
ity, and death in the elderly. It is therefore an urgent medical association has been replicated in a prospective cohort as
and socio-economical issue to establish an effective, pre- well as in two case—control study populations.
ventive strategy of stroke, to which genetic, environmental, It is often difficult to obtain reproducible results for genetic
and demographic factors contribute interactively [1]. With studies of stroke, A matter of frequent argument is its eti-
the remarkable progress in genotyping technologies and the ological heterogeneity [1]. Cerebral infarction is the most
resultant falls in genotyping costs, genome-wide searches common form of stroke and is categorized into two major
of “stroke gene” have become imminent [2-4]. Thus, a entities, atherothrombotic and lacunar infarctions, which are
large-scale genetic epidemiological study has been recently assumed to be largely different in their etiology [5]. As lacu-
performed in the Japanese subjects and it has shown a signifi- nar infarction is the most prevalent entity of stroke in Japan,
we have made it a primary target of our genetic epidemio-
* Corresponding author. Tel.: +81 3 3202 7181; fax: +81 3 3202 7364. logical study, the Shimane Study, which has been designed
E-mail address: nokato@ri.imcj.go.jp (N. Kato). as a long-term follow-up study in Shimane prefecture with
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a series of health examinations including brain MRI [6]. In
particular, we have focused on silent lacunar infarction (SLI),
which is a clinical category of lacunar infarction [6,7]. SLI
and white matter lesions, which are often called leukoaraio-
sis, have been implied to result from a similar vasculopathy,
i.e., arteriosclerosis that affects small vessels [8]. These two
subtypes of ischemic damage tend to be found concomi-
tantly in patients with vascular dementia and have therefore
attracted substantial attention in the countries such as Japan,
which are currently experiencing rapid aging [6,7,9]. Also,
people with SLI were reported to have 10.48 times higher
incidence of clinical stroke events in the Japanese subjects
(6].

In this communication, we investigated a potential asso-
ciation of SNPs in the PRKCH gene with SLI in a Japanese
population to confirm the previous findings and to pursue
their clinical relevance to a subtype of cerebral (lacunar)
infarction [4].

2. Materials and methods
2.1. Subjects

Subjects with and without SLI were recruited from peo-
ple who visited the Shimane Institute of Health Science for
a health-screening examination between 1995 and 2003. In
the corresponding period, a total of 2480 subjects volun-
tarily underwent the examination, where 269 subjects were
diagnosed as SLI (by excluding the redundancy of repeated
participants) and 576 subjects could be selected as controls
according to the criteria below. Among these people, 221
SLI case and 395 control subjects agreed to participate in
the study and thus constituted panel 1. Panel 2, on the other
hand, comprised 74 SLI case and 102 control subjects, who
were senior residents of a local community and accepted our
invitation to participate in the study. We made this irregu-
lar invitation to old-age homes for monitoring the regional
incidence of cerebrovascular events in the aged people. The
total number of invitation was arbitrarily determined based
on the availability of MR imaging and the other relevant tests.
Lacunar infarction and periventricular hyperintensity (PVH)
were diagnosed on T2-weighted MR images (0.2 T, Siemens).
Both SLI and PVH were diagnosed as previously described
[6]. Briefly, the criteria of SLI were: (1) spotty areas >3 mm
in diameter in the areas supplied by deep perforating arteries,
showing high intensity in the T2-weighted images coincid-
ing with low intensity in the T1-weighted images of MRI;
(2) absence of neurological signs and symptoms correspond-
ing to the lesions; and (3) no past history of cerebral stroke,
including transient ischemic attack. Most of our SLI case sub-
jects had lacunes of <10 mm in size. As SLI showed a definite
age-dependent increase in its penetrance [6], individuals over
59 years of age who had neither lacunar infarction nor high-
grade PVH on MRI examination were recruited as controls.
The PVH was classified from grade 0 (almost no or unclear

PVH) to grade 4 (marked diffuse PVH). In addition to this
‘unaffected’ control group, two reference populations who
did not undergo MRI examination were used for evaluation
of the allele frequencies in the Japanese healthy subjects. Ref-
erence | (REF;) group comprised 113 employees of Shimane
University who attended a health examination and Reference
2 (REF,) group comprised 179 volunteer students. All sub-
jects gave informed consent for participation. For evaluation
of the allele frequencies, we used a panel of 98 African Amer-
ican and 100 Caucasian subjects (part of the NIGMS Human
Variation Panels), which were obtained from the Coriell Cell
Repositories.

Smoking status was categorized into three groups
according to smoking index (SI, number of cigarettes
per day x years); i.e., non-smokers, SI=0; mild smokers,
SI < 200; heavy smokers, SI > 200. Blood samples were col-
lected after overnight fast to measure total cholesterol (T-C),
high-density lipoprotein cholesterol (HDL-C), triglyceride
(TG), and glucose levels. Blood pressure was measured three
times after at least 15-min rest and the mean of three mea-
surements was taken as a representative value. This study
was approved by the ethics committees of Shimane Univer-
sity School of Medicine and International Medical Center of

Japan.
2.2. Genotyping

Based on the results previously reported [4], we inves-
tigated two SNPs in the PRKCH gene, rs3783799 and
rs2230500, which were also called SNP.15 and 1425G/A,
respectively. A SNP, rs3783799, was genotyped with the
TagMan® SNP Genotyping Assays in ABI 7900HT (Applied
Biosystems) according to the manufacturer’s protocol.
Another SNP, rs2230500, was appropriately genotyped not
with the TagMan® assays but with the MassARRAY® sys-
tem (Sequenom) according to the manufacturer’s protocol.
Two SNP genotypes were in Hardy-Weinberg equilibrium
both in cases and controls at the level of P >0.05 (*-test).
Two experienced investigators inspected the scatter plots of
each SNP and selected eight samples with relatively weak
signal intensity for re-sequencing. Also, to further validate
accuracy of the genotype data, we scored 65 individuals by
using direct sequencing in addition to the TagMan® assay
for rs3783799. We observed 100% concordance between the
two genotyping methods.

2.3. Statistics

Student’s i-test was performed to analyze demographic
data. The SNPs were tested individually for statistical signif-
icance of disease association with the x>-test statistic, which
evaluated three inheritance models - [2 x 3] contingency
table, dominant and recessive models — for genotype distribu-
tions and independence on [2 x 2] contingency table for allele
frequencies. Logistic regression was also employed when
effects of the genotype were evaluated under a multivariate
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condition. The data were considered statistically significant
at P <0.05. All statistical analyses were performed with IMP
package (SAS Institute, Cary, NC), Values were expressed
as means =+ S.D. unless otherwise indicated, The extent of
linkage disequilibrium (LD) was measured in terms of LD
coefficients I’ and 2.

3. Results

Some of demographic data were different between the SLI
and control groups in the studied population (Table 1). In
panel 1, average age was lower in the SLI group than in
the control group because only the elderly (>59 years) sub-
jects were recruited as controls (see Section 2). In panel 2,
on the other hand, average age was higher in the SLI group
than in the control group because the participants in panel 2
had been invited from the aged people (mostly >65 years)
and this enrollment scheme inevitably reflected substantial
impacts of aging on the incidence of SLI, in contrast with the
enrollment scheme in panel 1. Male-to-female ratio was also
significantly different between the SLI and control groups.
Blood pressure and fasting blood glucose, and the propor-
tion of hypertensives and of smokers were greater in the SLI
group than in the control group. No significant differences
were observed for the lipid parameters.

The results of genotyping are shown in Table 2. In both
panel 1 and panel 2, the minor allele frequency (MAF)
of rs3783799 was, though modestly, statistically different
between the SLI and control groups (P=0.04 and 0.03,
respectively). When two panels were combined, statistical
significance became more prominent (P=0.004). The odds
ratio (OR) was significantly greater from the null hypothesis
(OR = 1) particularly when the dominant inheritance model

Table 1

was assumed (AA + AG vs. GG in Table 2). This appeared to
be consistent with the previous observation [4]. Comparable
results were also obtained for rs2230500, except that differ-
ences in the MAF between the SLI and control groups were
marginally significant in panel 1 (P=0.05). Except for two
heterozygous samples unequivocally scored for rs2230500
alone, all the genotype data were consistent between two
SNPs tested. Therefore, the results for these SNPs appeared
to be extendible to each other.

We also performed multivariate logistic analysis to adjust
for potential risk factors including age, sex, body mass index,
smoking status, blood pressure, history of hypertension and
diabetes, and genotypes of two SNPs in PRKCH. Here, due
to the selective recruitment of the elderly subjects as controls,
average age became higher in the control group of panel 1 and
consequently age was not highlighted as a significant risk fac-
tor in Table 3, Two SNPs showed concordant results because
they were in complete LD (D’ =1.00 and r*=1.00), and a
dominant inheritance model was assumed based on the results
for a univariate analysis (Table 2). Even after adjustment for
the other parameters, genotype of rs3783799 and rs2230500
remained to be a significant, independent risk factor of SLI
(Table 3).

Furthermore, we evaluated the MAFs of rs3783799 among
populations of three ethnic origins (Table 4). Consider-
ing the presence of complete LD, we did not evaluate the
MAFs of rs2230500 redundantly. The MAFs of rs3783799
are concordant in healthy volunteer groups between REF,
and REF,. Differently from the Japanese subjects, our
genotype data showed that the minor alleles of rs3783799
(and rs2230500) were considerably rare in African Ameri-
cans and Caucasians (1.5% and 0,5%, respectively). These
appeared to be consistent with the HapMap project data
(http://www.genome.gov/10001688).

Demographic data of studied populati

Panel 1 Panel 2 Combined panel (1+2)

Case Control Case Control Case Control
No. of subjects 221 395 74 102 295 497
Male (%) 62.9* 47.1 59.5 48 62.0° 473
Age 62.8+8.1" 64.6+4.3 76.9 £6.7° 722460 66.3£9.9 662456
BMI (kg/m?) 23.6+3.1° 22.9%29 222432 2.1£27 232+32° 22.8+29
SBP (mmHg) 134 £19° 130+ 19 143 £200 136 £20 136 £ 20 131419
DBP (mmHg) 78+ 128 74£14 79+13 7112 784 13" 7511
T-C (mmal/L) 545£081 550090 4.97£1.09 522087 5334091 5444091
HDL-C (mmol/L) 156 £0.77 1.56 £ 0.44 121 £0.36 131051 1474071 1504046
TG (mmol/L) 134 £073 1.28 £0.68 1321053 1.21£050 1334069  1.26%0.65
FBG (mmol/L) 6.16 £ 1.53% 5864 1.18 6.1342.36 5.82+1.36 6.15£1.77° 5.83%1.22
Hypertension (%) 60.5* 315 59.5% 38.2 60.2* 329
Diabetes (%) 12.8 10.7 135 10.8 13 10.7
Non-smokers (%) 50.7* 62.8 54.1 57.8 51.6° 61.8
BMI, body-mass index; SBP and DBP, systolic and diastolic blood p T-C, total cholesterol; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride;

FBG, fasting blood glucose.
® Significantly different (P <0.05) from the cmmqmudmg control (3¢-test).
® Significantly different (7 <0.05) from the corresy g control (Stud

's I-test).
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* The dominant effect of minor allele was assumed. The two SNPs were
separately analyzed.

4. Discussion

In the present study, we have examined the previous
observation that two SNPs —rs3783799 (SNP_15) and SNP,
rs2230500 (1425G/A) — in the PRKCH gene increase the
risk of lacunar infarction [4]. Despite relatively small sample
size, two case panels, which were independently collected,
have given reproducible results of disease association. Our
data thus further support the relevance of PRKCH to lacunar
infarction, the most common subtype of ischemic stroke in
the Japanese population [10].

Because of its functional significance corroborated by a
series of biological assays in vitro [4], a non-synonymous
SNP, 152230500, was considered to primarily denote genetic
susceptibility for the PRKCH gene, while rs3783799 was ini-
tially characterized as a tag SNP of the same gene. Notably,
our case—control study has confirmed a significant genotypic
risk of A-allele (the minor allele of rs2230500) under a dom-
inant model (Table 2), which has been proven to remain an
independent risk factor even after adjustment for known risk
factors of lacunar infarction such as age, statuses of hyper-
tension and smoking (Table 3) [6,11]. This dominant effect is

Table 4
Allele frequency of rs3783799 (in PRECH) among populations of three
ethnic origins

Samples No, of MAF GG GA AA P-value,
subjects HWE
JP-Ref. panel 1 13 0204 71 38 4 0.693
JP-Ref. panel 2 179 0221 108 63 8 0,755
AA-NIGMS Human o8 0015 95 3 0 0.878
Variation Panels
CAU-NIGMS 100 0005 99 1 0 0.960
Human Variation
Panels

The ethnic origin and derivation (or mature) of samples are shown for
individual populations, where rs3783799 in PRKCH is characterized. Ref-
erence (Ref.) panels | and 2 comprise Jaf healthy NIGMS
(National Institute of General Medical S ) Human Variation Panels .
were supplied from Coriell Cell Repasitories. Abbreviations: JP, Japanese;
AA, African Amenican; CAU, Caucasian.
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in good agreement with the previous observation in vitro that
the minor allele of rs2230500 has caused a ‘gain-of-function’
change on the PRKCH protein level and consequently on its
enzyme activity [4].

In addition, the strength of this study resides in its sample
selection scheme. That is, all the enrolled cases are sub-
jects with SLI (i.e., subcortical ‘silent’ brain infarction) that
can be diagnosed with the presence of small-size ‘lacune’
in the subcortical region through brain MRI examination
[6,7]. Generally, lacunar infarcts result from local obstruc-
tion of a small perforating artery and are designated in the
presence of a small (<15mm) infarct located in the basal
ganglia and/or deep white matter of the brain. Based on
his autopsy data, Fisher distinguished two causes of local
small-vessel obstruction [12-14]. One is arteriosclerosis or
lipohyalinosis, which is mainly found in hypertensive sub-
jects with small, muitiple and usually asymptomatic lacunes.
The other is micro-atheromatosis, which is mainly found
in cases with larger, usually single symptomatic lacunes.
Between the two causes, arteriosclerosis is an important cause
of not only lacunar infarcts but also leukoaraiosis, for which
strong evidence of genetic susceptibility has been repeatedly
reported [15-17]. Therefore, restricting the cases to subjects
with SLI may give us an opportunity to investigate a suitable
population in genetics of lacunar infarction [18].

Careful interpretations are required for assessing genetic
effects of rs2230500 as compared to those reported in the pre-
vious study [4]. Here, it has to be mentioned that the allele
frequencies shown in this study are slightly different from
those previously reported [4]. The MAFs of rs2230500 are
higher in the combined panel of SLI cases (0.266) than those
in two independent lacunar case panels in the previous study
(0.236 and 0.232), which may result from different criteria
between two studies for selecting case subjects. Likewise,
the MAFs of rs2230500 are slightly higher in the combined
panel of unaffected controls in the present study (0.207)
than those in a age- and sex-matched control panel used in
the first screening of the previous study (0.188), which was
shown to be selected from the participants in the prospec-
tive population-based epidemiological study. These slight
inter-study differences in the MAF of rs2230500 between
control panels may, at least in part, result from regional
fluctuation in the allele frequencies. Supporting this spec-
ulation, general population subjects collected from the entire
area of Japan (through the BioBank Japan Project) show the
MAF of rs2230500 between the two values above (0.197)
[4).

We estimated the study power attainable by the number
of available cases and controls. Assuming a dominant model
for disease-type alleles in the PRKCH gene, the power for
detecting an OR = 1.5 with «=0.05 (two-sided) is 0.66 in
panel 1,0.25 in panel 2, and 0.77 in the combined panel. Thus,
though far from satisfactory, there is a fair chance of finding
significant disease association at least in the combined panel
even if the size of each panel by itself provides relatively
modest power in a case-control study design.

Since all subjects with SLI have not shown any apparent
clinical symptoms and signs caused by brain infarction, they
are supposed to be at the prodromal stage of the disease. The
presence of significant association between SNPs in PRKCH
and SLI supports the possible etiological involvement of
some molecular variations in PRKCH per se or the asso-
ciated metabolic processes ‘as a whole’ in the progression of
subsequent, overt ischemic stroke. However, we should bear
in mind the following study limitations. That is, there is no
possibility in this study to distinguish among SNPs that are in
LD, While functional relevance of the non-synonymous SNP,
152230500, has been demonstrated in the previous study [4],
one cannot preclude the possibility that this SNP is simply
in LD with another variant or variants. In this line, further
genetic as well as functional analyses are essential to estab-
lish the role of PRKCH in the pathophysiology of lacunar
infarction, towards the primary effective prevention.

In summary, we have found PRKCH variants including
a non-synonymous SNP to be associated with susceptibil-
ity to SLI, which is a clinical category of lacunar infarction.
As these SNPs appear to be common only in Asian peo-
ple, further replication study is warranted in the other Asian
populations as well as the Japanese.
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The influences of silent cerebral infarction and hypertension on brain atrophy in normal adults
Quan Zhefeng, Hirokazu Bokura, Kenichi Iijima. Hiroaki Oguro and Shuhei Yamaguchi

Abstract

Aim: We studied the influences of silent brain infarction (SBI) and hypertension on brain atrophy and its longitudinal pro-
gression in healthy adults.

Methods: MRI scans were performed on 109 neurologically normal adults (mean age, 586=58 years), with follow-up at an
average of 49 years later. Patient histories of hypertension, smoking habits, and alcohol consumption were examined. We
evaluated brain atrophy using the brain atrophy index (BAL the ratio of the brain area to the intracranial area) and the ven-
tricular atrophy index (VAL the ratio of the ventricular area to the brain area) on MRI Tl-weighted images at the levels of
the basal ganglia and lateral ventricle in horizontal sections.

Results: There were no differences in age, sex, dyslipidemia, BML smoking habit. and alcohol consumption between the nor-
mal group and the SBI or hypertension group. The BAI was significantly lower at entry for the SBI (+) group than for the
SBI () group at both the basal ganglia and lateral ventricle levels (basal ganglia level, p=002: and lateral ventricle level,
p=005). Moreover. the VAI was significantly higher at entry for the SBI (+) group than for the SBI (—) group at the lateral
ventricle level (p=003). Furthermore, the BAI was significantly lower at entry for the hypertensive group than for the non-
hypertensive group at the basal ganglia level (p=0.007). There were no significant differences in the annual variations of the
BAI and VAI between the normal group and the SBI (+) or hypertensive group.

Conelusion: The present results suggest that the SBI and hypertension are accelerating factors for brain atrophy and ven-
tricular dilatation.

Key words: Silent brain infarction, Hypertension, Brain atrophy, MRI

(Nippon Ronen Igakkai Zasshi 2008; 45: 175-181)

Department of Internal Medicine 1L Faculty of Medicine, Shimane University
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In 2007 several new trials were reported in
acute stroke therapy. A free-radical-trapping
agent, NXY-059, was not effective for the treat-
ment of acute ischemic stroke within 6 hours af-
ter stroke onset. Desmoteplase is a novel plas-
minogen activator and its administration
between 3 to 9 hours after stroke onset resulted
in good reperfusion rate and clinical outcome.
Recombinant activated factor VII reduced mor-
tality and poor outcome when administered
within 3 hours after intracerebral hemorrhage.

Primary and second prevention for stroke re-
quires very strict control of hypertension. Angio-
tensin II receptor blocker was effective for pri-
mary prevention of stroke. The role of LDL
cholesterol as a risk factor of stroke is empha-
sized and statin is a recommended medication to
decrease LDL cholesterol level. Metabolic syn-
drome and chronic kidney disease have been rec-

382  MWELEM Vol 25 No 4 (2008)

ognized as new risk factors for stoke. Regarding
the management of post-stroke mood disorder,
SSRI did not have enough evidence for its treat-
ment. In addition to medication, patient-coun-
seling and rTMS could be promising tools for
treatment of post-stroke depression.

Regenerative medicine to stroke showed some
advances. Safety and efficacy were reported in
clinical trials of transplantation to stroke pa-
tients such as transplantation of human germ
cell line-derived neuron and autologous mesen-
chymal stem cell. Neurotrophic factors released
from transplanted cells, stromal cell-derived fac-
tor-1 and fi-integrin were found to play an im-
portant role. For the ideal autologous transplan-
tation in future, emerged a new technology to
turn human fibroblasts into pluripotent stem
cells, so called iPS cells.
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