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a b s t r a c t

It is likely that the C allele of the polymorphism at position 29 of the translated sequence of

transforming growth factor (TGF)-b1 gene, which codes a pleiotropic cytokine expressed in a

variety of cells, is a susceptibility allele for cerebral infarction in Japanese type 2 diabetic

patients.
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1. Introduction

Transforming growth factor (TGF)-b1, a pleiotropic cytokine

expressed in a variety of cells, including platelets, connec-

tive, haematopoietic and endothelial tissue cells [1], has both

pro-atherogenic and anti-atherogenic functions [2–10].

The T868C polymorphism (rs1982073), located at position

29 of the translated sequence of TGF-b1 gene, generates amino

acid substitution at position 10 (Leu10Pro) in the signal peptide

sequence and the C allele has been reported to be associated

with an increased expression of TGF-b1mRNA and higher

levels of serum TGF-b1 [11,12]. However, there have been very

few studies on the association of this polymorphism and the

risk of cerebral infarction (CI) and the results of these studies

remain controversial [13,14].

In this study, therefore, we examined the relationship

between TGF-b1 gene T868C polymorphism and CI in a large

cohort of Japanese type 2 diabetic patients.

2. Methods

Japanese type 2 diabetic subjects aged �40 attending the

outpatient clinics of diabetes were asked to participate in this

study. After all, a total of 3793 subjects were enrolled. The

study protocol was approved by the committees on the ethics

of human research of Osaka University Graduate School of

Medicine. A written informed consent was obtained from all

the participants.
Table 1 – Clinical characteristics of the subjects.

T868C polymorphism
of the TGF-b1 gene

Total
(n = 3793)

T/T
(n = 1003) (n 

Gender (female/male) 1492/2301 398/605 727

Age (years) 61.5 � 8.4 61.8 � 8.5 62.

Duration of diabetes (years) 8.0 � 7.5 8.7 � 7.5 8.5

Smoking (B.I. � 200) 1756 (46.2) 472 (47.1) 849

Body mass index (kg/m2) 24.1 � 3.5 23.9 � 3.5 24.

HbA1C (%) 7.1 � 1.2 7.0 � 1.3 7.1

Presence of hypertension (%) 2846 (75.0) 736 (73.4) 139

Presence of dyslipidemia (%) 2948 (77.7) 791 (78.9) 143

Treatment approach for diabetes

Diet alone 988 (26.0) 282 (28.1) 474

Using OHA 2388 (63.0) 608 (60.6) 118

Sulfonylureas 1216 (32.1) 307 (30.6) 596

Thiazolidinediones 391 (10.3) 94 (9.4) 201

Biguanides 1139 (30.0) 279 (27.8) 564

Using insulin 866 (22.8) 221 (22.0) 427

Treatment approach for dyslipidemia

Using statins 1014 (26.7) 271 (27.0) 496

Using other drugs 178 (4.7) 44 (4.4) 89 

Presence of cerebral infarction (%) 331 (8.7) 68 (6.8) 170

Data are shown as numbers (%) or means � SD. In the dominant and the

compared by the 2-tailed unpaired t test and categorical data were analy

between the polymorphism and variables were evaluated with one-w

displayed as NS.

NS, not significant; B.I., Brinkman’s index; OHA, oral hypoglycemic agen
Fasting blood samples were collected and HbA1c, serum

total and HDL cholesterol, and triglyceride levels were

measured. The determination of hypertension (defined as

systolic blood pressure (SBP) � 130 mmHg or diastolic blood

pressure (DBP) �80 mmHg or having been treated for hyper-

tension) and dyslipidemia (defined as serum LDL cholester-

ol � 120 mg/dl or serum triglyceride (TG) � 150 mg/dl or HDL-

cholesterol < 40 mg/dl or having been treated for dyslipide-

mia) was based on the Japan Diabetes Society’s criteria. The

diagnosis of cerebral infarction was performed based on

history, physical examination, and neuroimaging (CT, MRI, or

both), according to the traditional World Health Organization

criteria of stroke. The patients’ characteristics and their

medication are listed in Table 1.

The genotypes of the TGF-b1 gene T868C polymorphism

were determined with a fluorescence- or colorimetry-based

allele-specific DNA-primer probe assay system as previously

described [15]. The average genotyping success rate was 99.7%

and the genotyping accuracy was 100%, which was deter-

mined from the genotype concordance between 513 duplicate

samples.

In the major allele’s dominant and recessive genetic

models, the associations between the polymorphism and

variables were evaluated by the unpaired t test or x2 test. In the

major allele’s additive genetic model, the associations

between the polymorphism and variables were evaluated

with the Cochran–Armitage test. Multiple logistic regression

analyses were performed to evaluate the relationship between

the prevalence of CI and the following variables: gender, age,

smoking status, BMI, HbA1c, duration of diabetes, prevalence
C/T
= 1859)

C/C
(n = 931)

Associations with the
polymorphism

Dominant
model

Recessive
model

Additive
model

/1132 367/564 NS NS NS

0 � 8.4 61.9 � 8.2 NS NS NS

 � 7.9 8.6 � 8.0 NS NS NS

 (45.7) 435 (46.7) NS NS NS

0 � 3.5 24.0 � 3.5 NS NS NS

 � 1.3 7.0 � 1.2 NS NS NS

3 (74.9) 714 (76.7) NS NS NS

0 (76.9) 727 (78.1) NS NS NS

 (25.5) 232 (24.9) NS NS NS

9 (64.0) 591 (63.5) NS NS NS

 (32.1) 313 (33.6) NS NS NS

 (10.8) 96 (10.3) NS NS NS

 (30.3) 296 (21.8) NS NS NS

 (23.0) 218 (23.4) NS NS NS

 (26.7) 247 (26.5) NS NS NS

(4.8) 45 (4.8) NS NS NS

 (9.1) 93 (10.0) NS p = 0.0109 p = 0.0117

 recessive genetic models, quantitative data between 2 groups were

zed with the x2 test. In the additive genetic model, the associations

ay ANOVA or the Cochran–Armitage test. p-values over 0.05 were

t.



Table 2 – Multivariate logistic regression analysis to
identify independent determinants for cerebral infarc-
tion.

Parameters Odds ratio (95%CI) p value

Gender (female) 0.82 (0.60–1.12) NS

Age (years) 1.13 (1.11–1.15) <0.0001

Body mass index (kg/m2) 1.03 (0.99–1.07) NS

Duration of diabetes (years) 0.91 (0.89–0.93) <0.0001

HbA1c (%) 0.98 (0.89–1.09) NS

Presence of hypertension 2.37 (1.66–3.38) <0.0001

Presence of dyslipidemia 0.99 (0.74–1.31) NS

Smoking (B.I. � 200) 1.81 (1.34–2.45) 0.0001

868C allele 1.23 (1.04–1.46) 0.0158

Multivariate logistic regression analysis was done for 3793 type 2

diabetic patients to select variables significantly associated with

an increase in the risk of cerebral infarction. The threshold of

statistical significance was defined as p < 0.05.

NS, not significant; B.I., Brinkman’s index.
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of hypertension, prevalence of dyslipidemia, and the number

of C alleles of TGF-b1 T868C polymorphism. For these, the p

value for the inclusion and exclusion of variables was set at

0.05.

3. Results

Table 1 shows the general characteristics and the prevalence

of CI of the subjects. The prevalence of the T868C genotypes

was as follows: TT, 26.4%; CT, 49.0%; CC, 24.5%; and the

genotype distribution was in Hardy–Weinberg equilibrium.

The frequency of C allele was significantly higher in

subjects with CI as compared to those without it (53.8% vs.

48.6%, p = 0.0109). The prevalence of CI tended to be higher as

the number of C alleles increased [TT (6.8%), CT (9.1%), CC

(10.0%), p value for trend = 0.0117] and was significantly higher

in subjects with CC or CT genotype compared to those with TT

genotype (9.4% vs. 6.8%, p = 0.0109). However, there were no

associations between this polymorphism and the other

parameters including gender, age, smoking status, BMI,

HbA1c, duration of diabetes, presence of hypertension,

presence of dyslipidemia, and administration of drugs.

Furthermore, in a multiple logistic regression model, the

number of C alleles was significantly associated with CI even

after adjustment for conventional risk factors (odds ratio (OR)

for 1-point increase in the number C allele = 1.23 with 95%CI

1.04–1.46, p = 0.0158) (Table 2). In addition, compared to the

subjects without C alleles, the subjects with C alleles had a

significantly higher risk of CI (OR 1.40 with 95%CI 1.04–1.87,

p = 0.024) even after adjusting other clinical variables.

4. Discussion

This is the first report to examine the relationship of TGF-b1

T868C polymorphism and CI in a large cohort of Japanese

type 2 diabetic patients. The increased risk of CI associated

with the presence of the C allele observed in the present

study is in accordance with the functional studies showing

that the C allele is associated with an increased expression of
TGF-b1mRNA and serum TGF-b1 levels [11,12] and that high

level of TGF-b1 accelerates the process of atherosclerosis and

thrombosis leading to CI [7–10].

Our findings were consistent with the results of the

Rotterdam study, a large population-based study on the

Caucasian cohort, demonstrating that C allele carriers were

at increased risk for CI when compared with noncarriers [13]

but inconsistent with a case–control study in Korean subjects

claiming that T allele might be a risk factor for ischemic stroke

[14]. Differences in particular characteristics between the

study samples may have accounted for the opposite results.

Heterogeneities in the prevalence of the conventional risk

factors for CI may have also contributed to the divergent

results among the studies. Indeed, all subjects in the present

study had type 2 diabetes and the prevalence of dyslipidemia

was much higher as compared to the Korean study (77.7% vs.

22.2%). Ethnic difference may have also contributed to this

discrepancy.

It should be noted that a long-term follow-up study is

necessary to confirm the hypothesis that this polymorphism

affects the development of CI in Japanese type 2 diabetic

subjects, since the present analysis was performed based on

cross-sectional data. It should be also noted that the

possibility exists that the positive association findings shown

here were not based on real effects of SNP, but rather

influenced by unknown differences in population ancestry

between the case and control groups, although we consider

the probability of false-positive inference attributable to

population stratification rather small, because the subjects

with and without CI were recruited from an ethnically

homogeneous population.

In conclusion, it is likely that the C allele of the TGF-b1 gene

T868C polymorphism is a susceptibility allele for CI in

Japanese type 2 diabetic patients.
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