
Stroke is a major public health problem worldwide because it
is the second most common cause of mortality and the leading
cause of adult long-term disability and represents an enormous
socioeconomic burden for society.1 Ischemic stroke (IS) is a
complex multifactorial and polygenic disorder that is thought to
result from an interaction between the individual’s genetic
background and various environmental factors.2 Recent
advances have revealed that inflammation is an essential process
in the pathogenesis of IS.3 Inflammation is influenced by many
different cytokines, such as transforming growth factor-β (TGF-
β), the most common variant of three isoforms (TGF-β1,-2 and
-3). Transforming growth factor-β has many different functions,
both pro-atherogenic and antiatherogenic. Some consider the
over-all effect of TGF-β to be protective, by reducing the risk of
cerebrovascular disease.4-8 Others describe TGF-β as inducing or
facilitating cerebrovascular pathological states, such as vascular
stenosis and thrombogenesis.9-10

The TGF-β1 gene is located on chromosome 19q13. It
comprises seven exons and nine introns and produces mRNA of
2.5 kb.11 There are several commonly known (potentially)
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ORIGINAL ARTICLE

functional polymorphisms in this gene. The production of TGF-
β1 is predominantly under genetic control and several common
single nucleotide polymorphisms (SNPs) with possible
functional significance have been reported in the TGF-β1 gene,
including the -988C/A (rs1800820), -800 G/A (rs1800468), and
-509C/T polymorphisms (rs1800469) (all in the promoter
region); and 869T/C (Leu10Pro in codon10, rs1800470) and
915G/C (Arg25Pro in codon25, rs1800471) (signal peptide
sequence) and 788C/T (Thr263 Ile in Exon5, rs1800474) (in the
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precursor part of the protein).12-14 Two SNPs, -509C/T and
869T/C, exist in the Chinese population while others have little
variability in the Chinese, which have been shown to be
associated with the serum level of TGF-β1.15-18 Only 869T/C
was selected for our association study based on which -509 C/T
polymorphism has been shown to be in linkage disequilibrium
with the 869T/C polymorphism.19 To date, few studies have been
published on the association of the TGF-β1 869T/C
polymorphism and risk of IS.20-21 The sparse results available are
inconsistent. To our knowledge, there are no previous studies on
the association of this polymorphism with risk of IS in Chinese
population.

One potential explanation for these inconsistent findings is
that previous studies have correlated the TGF-β1 869T/C
polymorphism and IS but not separating analysis for sex. Sex-
specific relationships between other SNPs and IS were also
found in previous studies.22-24 Therefore, we hypothesized that
the association between the TGF-β1 869T/C polymorphisms and
IS may be different according to gender. To explore this
hypothesis, we undertook a case-control study of patients
hospitalized with IS and examined with a separate analysis for
sex specifically whether there may be an association between the
TGF-β1 869T/C polymorphism and IS according to gender.

MATERIALS AND METHODS
2.1 Study Population

The study protocol included history taking, neurological
examination, extracranial and transcranial ultrasound, neuro-
imaging and laboratory testing. This study was conducted on
patients who were consecutively admitted to the Department of
Neurology of Jinhua Central Hospital and Jinhua People’s
Hospital (July, 2008 to April, 2010). They were acute stroke
patients diagnosed by performing computed tomography (CT) or
magnetic resonance imaging (MRI) scan within seven days after
onset. Excluded from the study were patients with (1) previous
transient ischemic attack or stroke; (2) recent history of head
trauma; (3) major cardiac, renal, hepatic, or cancerous disease;
and (4) obvious signs of infection after admission.

Power and Sample Size Calculation Software 2.1 was used
for sample size calculation. We assumed α=0.05 (two-sided)
with power = 80% using a 1:1 ratio of cases to controls while
looking for an odds ratio (OR) of 1.5. We assumed the rate of TT
genotype in the source population (controls) is 30%. It indicated
425 cases and 425 controls would be needed. With the use of
clinical, radiological, cardiac, and ultrasound test results, a total
of 450 patients with IS (306 men and 144 women) were included
in the study. All cases were examined by a neurologist and
underwent neuroimaging (CT and/or MRI) and an
echocardiography (ECG). Ninety-eight percent of patients had
extracranial carotid and vertebral duplex ultrasound.
Echocardiography (43%) and MR angiography and/or
transcranial Doppler ultrasound (13%) were performed when
clinically indicated. The 450 control subjects (326 men and 124
women) were invited to participate in a routine annual health
check-up, had not any of symptoms, signs or history of IS. The
subjects had a CT or MRI scan performed if diagnosis wasn't
clear.

The evalulation of risk factors in both cases and controls
included age, sex, body mass index (BMI, kg/m2), hyperlipemia,
smoking status, hypertension and diabetes mellitus. Systemic
arterial hypertension was defined as a systolic blood pressure of
140mm Hg, and/or a diastolic blood pressure of 90mm Hg, at
least on two separate occasions, or antihypertensive treatment.
Hyperlipemia was defined as either an elevated fasting total
cholesterol level above 220mg/dL or fasting triglyceride level
above 150mg/dL or current treatment with lipid-lowering
medication.25 Current or former smokers were defined as who
had one year or more of tobacco. Diabetes mellitus was defined
as the presence of an active treatment with insulin or an oral
antidiabetic agent; for patients administered dietary treatment,
documentation of a abnormal fasting blood glucose or glucose
tolerance test based on the World Health Organization criteria26

was required for establishing this diagnosis.
All patients and control subjects were Chinese. They were all

unrelated. Written informed consent was obtained from all
subjects. The study protocol was approved by the Medical Ethics
Committee of Jinhua.

2.2 Genotyping of the TGF-β1 gene
Venous blood (5ml) was collected into tubes containing

EDTA (disodium salt, 50mmol/L), and genomic DNA was
isolated with a DNA extraction kit (Roche, Switzerland).

The polymorphism 869T/C located at codon10 in the signal
peptide sequence of TGF-β1 was identified by the allele-specific
polymerase chain reaction (AS-PCR) method.27 All the reagents
for PCR were purchased from Roche Diagnostics (Roche,
Switzerland). The primer synthesized at the SBS Genetech
Co (Beijing, China). The primer sequence were 5′-
AGCAGCGGTAGCAGCAGCA-3′ (sense primer F1), 5′-
GCAGCGGTAGCAGCAGCG-3′ (sense primer F2）and 5′-
GTCACCAGAGAAAGAGGAC-3′(antisense primer R).
Reactions were performed in a total volume of 50ml containing
0.5mg of genomic DNA, 20pmol of each primer, 0.2mmol/L
each of dCTP, dTTP, dGTP, and dATP, 1U of Taq DNA
polymerase, 50mmol/L KCl, 1.5mmol/L MgCl2, 1.4% dimethyl
sulfoxide, 0.01% gelatin, and 10mmol/L Tris-HCl (pH8.3). The
thermocycling procedure consisted of initial denaturation at
94°C for five minutes; followed by 30 cycles of denaturation at
94°C for one minute, annealing at 61°C for one minute, and
extension at 72°C for 45 seconds; The final elongation step of
72°C for five minutes. The PCR products were analyzed by 1%
agarose gel electrophoresis and visualized by ethidium bromide
staining.

The target bands size for both T allele and C allele were
241bp for codon10. The AS-PCR assay was conducted in two
parallel experiments: one is "wild+common" primer experiment
(WC) and the other is "mutant+common" primer experiment
(MC). The results were interpreted from each experimental
result. Three scenarios were to be detected, which were
homozygous wild type (TT) heterozygous (TC) and
homozygous variant type (CC) respectively. A band from WC
but none from MC tube entail homozygous wild type (TT). On
the other hand, single band on MC but none from WC tube
implied homozygous variant type (CC). If target bands appeared
on both WC and MC tubes, being heterozygous was inferred
(TC).
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The DNA sequencing was performed on ten random samples.
It confirmed the match between the product sequence and the
established TGF-β1 sequence.

2.3 Statistical Analysis
SPSS statistical software version 10.0 was used for statistical

analysis. Data are presented as the mean ±SD. Statistical
significance was tested using unpaired Student's t-test or the
Mann-Whitney U test as appropriate. Qualitative data were
compared by the chi-square test. Allele frequencies were
estimated by the gene-counting method, and chi-square test was
performed to test for deviations from Hardy-Weinberg
equilibrium. We also performed multivariable logistic regression
analysis (backward: Wald elimination method) to adjust risk
factors, with the type of subjects (1=IS, 0=Controls) as a
dependent variable and independent variables including age,
BMI, smoking status (0=nonsmoker, 1=smoker), metabolic
variables (0=no history of hypertension, diabetes mellitus, or
hyperlipemia; 1=positive history), TGF-β1 genotype and T allele
(T=1,C=0). Transforming growth factor-β1 genotype was
calculated according to a dominant (CC=0, TC=TT=1) or
recessive (TC=CC=0, TT=1) genetic model. The OR and 95% CI
were also calculated. Statistical significance was taken as
P<0.05. (2 tailed)

RESULTS
The clinical characteristics of the study sample as a whole,

and after stratification according to sex are shown in Table 1.
Analyses of clinical characteristics showed no significant
difference between IS and control groups for all the subjects,
male and female in terms of age, BMI, the incidence of several
conventional risk factors for IS including habitual smoking,
diabetes mellitus, and hyperlipemia (P＞0.05; Table 1). We also
found that the prevalence of hypertension differed significantly
between IS patients and controls for all the subjects and male
(P＜0.05, Table 1).

The genotype distributions among the male and female of the
controls were in Hardy-Weinberg equilibrium. The T allele
increased the risk of IS (OR=1.30; P=0.006) and subjects
carrying TT genotype were more susceptible to IS (OR=1.56;
P=0.003). We further analyzed the data partitioned by gender. T

allele and TT genotype were significantly associated with IS
(OR=1.62; P=0.006,OR=2.369; P=0.001, respectively) in
females, but not in males (P＞0.05; Table 2).

The findings from the univariate analysis were further
investigated in a multiple logistic model with adjustment for age
(in years) and smoking habit, and conventional vascular risk
factors. The TGF-β1 869TT genotype was identified
independently related to IS (adjusted OR=1.58; 95%CI, 1.16-
2.14; P=0.003). A separate analysis for sex was carried out. In
female, TT genotype was also identified independently related to
IS (adjusted OR=2.64; 95%CI, 1.50-4.66; P=0.001). In male, no
significant associations were found in TGF-β1 869T/C
polymorphsim and IS.

DISCUSSION
This study indicated subjects with 869TT genotype were

independently associated with an increased risk of IS. Further
analysis of IS data partitioned by gender revealed the female-
specific association with 869T/C. Kim et al20 also detected such
a gender-specific association between the 869T/C polymorphism
and the risk of IS in Korean population. Unfortunately, the result
of the association between the TT genotype and IS is not very
convincing because they didn’t adjusted for the common
vascular risk factors. Another study, the largest study to date
(more than 6000 individuals from the Rotterdam study), had
failed to find any association between the 869T/C polymorphsim
and IS in Caucasians in addictive model.21 They didn’t evaluate
the association between 869T/C polymorphsim and IS either in
dominant or recessive model. Furthermore, further analysis of IS
data partitioned by gender wasn't done in Caucasians. These
inconsistencies may reflect the significance of separating sex
analysis or adjustment of confounding factors for IS. Both of the
above were considered in our study.

We do not know why the associations are only seen in
females and not in males. In complex traits, gender-specific
effects of autosomal genes can be usually explained by epistasis
with sex-linked genes or by interaction with non-genetic factors
that are correlated with sex. The epistasis with sex-linked genes
often results from hormonal effects on gene expression and
regulation. These sex differences are attributed in part to the
protective effect of estrogen since sex differences in stroke
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All Female Male

Characteristic I S(n=450) Ctrls(n=450) P I S (n=144) Ctrls(n=124) P I S (n=306) Ctrls(n=326) P

Age,year 64.87±14.45 63.85±13.80 0.13 65.39±14.46 65.56±13.45 0.89 64.62±14.45 63.20±13.89 0.07

BMI,kg/m
2

24.23±7.66 23.68±6.80 0.11 24.00±4.26 23.45±4.03 0.13 24.33±8.81 23.77±7.59 0.22

Hyperlipemia,n(%) 93(21.98) 96(22.75) 0.79 33(24.44) 28(24.14) 0.96 60(23.61) 68(22.22) 0.68

Smoking, n(%) 188(42.53) 179(40.32) 0.50 5(3.62) 4(3.28) 0.88 183(60.20) 175(54.35) 0.14

Hypertension,n(%) 268(59.56) 219(48.67) 0.00 94(65.27) 69(55.65) 0.11 174(56.86 ) 150(46.01) 0.01

Diabetes,n(%) 86(19.11) 75(16.67) 0.34 43(29.86) 30(24.19) 0.30 43( 14.05) 45( 13.80) 0.93

Table 1: Baseline characteristics of the study population

https://doi.org/10.1017/S0317167100051477 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100051477


sensitivity can also be abolished in females by oophorectomy.28,29

Postmenopausal estrogen use has been associated with decreased
risks for stroke prevention.30,31 The study of Matsuda et al32

demonstrated that estrogen receptor-mediated trans-criptional
activation was enhanced by TGF-β signaling. It remains
unknown whether the low levels of TGF-β1 in females lead to
the corresponding decline in the protective function of estrogen
on stroke prevalence. Further studies are required to elucidate the
detailed mechanisms underlying this gender-specific association.

Because the results of association studies can be influenced
by selection bias, it is important that the study population be
genetically and ethnically homogenous and that the control
group be appropriate. Our study population resided in Jinhua and
adjacent cities in the central part of Zhejiang province where
individuals are thought to share the same ethnic ancestry and to
possess a homogeneous genetic background. The distribution of
TGF-β1 genotypes in our control group was also found in Hardy-
Weinberg equilibrium, which strongly suggests that our study
population was genetically homogeneous. Furthermore, the
control individuals who had no symptom, signs and history of IS
were all examined CT or MRI scan if unclear diagnosis and
didn’t constitute a typical controls group of age-matched and
sex-matched subjects that were recruited from the general
population.

CONCLUSIONS
Our findings have provided evidence for the association of

the 869T/C polymorphism of the TGF-β1 gene with IS in
Chinese females and indicated that TGFB1 is a susceptibility
locus for IS. The potential usefulness of TGF-β1 genotyping in
the prevention of IS warrants further study in populations with
different ethnic and racial backgrounds.

LIMITATION
Ischemic stroke is a clinically heterogeneous disorder

encompassing strokes attributable to various etiologies.
However, it is not possible to investigate heterogeneous genetic

effects of TGFβ1 on the subtypes because of the small number
of subjects. Further exploration of the possible heterogeneous
genetic effects of TGF-β1 on the IS subtypes is needed.
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