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Abstract: Factor XII (F12) plays a complex role in the coagulation system. T allele of F12 C46T polymorphism was 
shown to lead to reduced F12 plasma levels in an allele-dose-dependent manner. This functional F12 C46T poly-
morphism was probably a risk factor for ischemic stroke. We tested whether this genetic variant is associated with 
the risk for cerebral hemorrhage (CH). We performed a case-control study including 195 patients with CH and 116 
healthy population controls, which were all of southern Han-Chinese origin. The F12 C46T genotype was assessed 
using Touchdown PCR and Multiplex SNaPshot analysis. No statistically significant differences were found in the 
allele or genotype distributions of the F12 C46T polymorphism among CH patients and control subjects, even after 
adjusting for different confounding variables (P > 0.05). Our results demonstrated that the F12 C46T polymorphism 
has no major role in genetic susceptibility to cerebral hemorrhage. The highest T allele distribution in our population 
among different populations increased the reliability of this conclusion.
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Introduction

Stroke is the second leading cause of death 
worldwide. Studies showed that from 1990 to 
2010, the incidence of stroke has increased by 
12% in low-income and middle-income coun-
tries [1]. Unlike only 10% are cerebral hemor-
rhage (CH) of all strokes in the United States 
[2], CH accounts for 17.1-55.4% of all cases of 
stroke in China [3, 4]. This makes it important 
to further understand the causes of CH. Now, 
stroke is wildly regarded as a complex disease 
that involves genetic and environmental factors 
[5, 6].

Factor XII (F12) plays a complex role in the 
coagulation system, because it initiates both 
the procoagulatory cascade and the fibrinolytic 
pathways [7]. A common variant in the F12 
gene (C46T, rs1801020) results in decreased 
plasma levels of F12 [8]. Moreover, an allele-
dose-dependent manner was found between 
carriers of the T allele of F12 C46T polymor-
phism and reduced F12 plasma levels [9, 10]. 

Association studies have shown the relation-
ship of F12 levels and the C46T polymorphi- 
sm in the development of ischemic stroke, but 
the results are controversial [11-14]. Recent 
reports indicate that ischemic and hemorrhagic 
stroke have a shared genetic basis [5, 6]. Ho- 
wever to our knowledge, no study has explored 
the association between CH and F12 C46T 
polymorphism.

We therefore tested the hypothesis that the 
F12 C46T polymorphism may be associated 
with the risk of CH.

Materials and methods

Study population

The study population and subject characteris-
tics were previously described [15]. This is an 
ongoing molecular epidemiologic study of CH 
conducted in Changsha, Hunan, China and the 
subject recruitment was approved by the Ethics 
Committee of Xiangya Hospital, Central South 
University. Briefly, all subjects were genetically 
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unrelated southern Han Chinese. Submission 
of the individuals to the study was conditioned 
by an obtained written informed consent form. 
Blood samples were collected from 195 CH 
patients seen in the department of Neurology, 
Xiangya Hospital, Central South University. 
During the same time, 116 unrelated healthy 
subjects who entered the hospital for health 
check-ups were enrolled as the control group 
and matched with CH patients for age and gen-
der. Brain CT and/or MRI were performed in all 
patients. Patients with CH related to trauma, 
neoplasms, coagulation disorders or thrombo-
lytic therapy, aneurysms, or other vascular mal-
formations were ruled out. Controls had no 
symptoms or history of stroke, coronary artery 
disease, autoimmune disease, peripheral ath-
erosclerotic disease, or hematologic disease. 
All participants were interviewed using a struc-
tured questionnaire to obtain information on 
demographic factors and classical stroke risk 
characteristics.

Genotyping

Genomic DNA was extracted from a peripheral 
whole blood sample from each subject. 
Touchdown PCR and Multiplex SNaPshot analy-
sis were performed to determine the genotype 
of the C46T polymorphism of F12 gene. The 
227 base pair (bp) fragment encompassing the 
C to T polymorphic site in F12 region was amp- 
lified using specific primers 5’-CCCACCCACA- 
AACTCCCAACT-3’ and 5’-ACCAGCAGGAACCCC- 
AGGAG-3’. The extension primer used for SNa- 

75°C for 15 min. Before loading onto the 
ABI3130XL (Applied Biosystems Co., USA), 0.5 
µl of Liz120 SIZE STANDARD and 9 µl of Hi-Di 
was added to 0.5 µl of reaction mixture and 
samples were heated to 95°C for 5 min. To 
ensure quality control, genotyping was per-
formed without knowledge of the subjects’ 
case/control status and five randomly-selected 
samples of each genotype were genotyped 
twice by different people. The genotyping rates 
for the C46T polymorphism was 98.3%, and 
the reproducibility was 100%. 

Statistical analysis

Data analysis was performed by the computer 
software Statistical Package for Social Sciences 
(SPSS) for Windows (version 11.5). The Hardy- 
Weinberg equilibrium (HWE) was assessed 
using χ2 test. χ2 test was also used to deter-
mine whether there was any significant differ-
ence in allele and genotype frequencies bet- 
ween CH patients and controls. The associa-
tion between F12 gene C46T genotypes and 
the risk of CH were estimated by computing the 
odd ratios (OR) and 95% confidence intervals 
(CI) from logistic regression analysis. Probability 
levels less than 0.05 were used as a criterion of 
significance.

Results

General characteristics of the subjects

A total of 311 Chinese subjects were enrolled in 
this study. No significant difference was found 

Table 1. Basic information and clinic features in CH 
patients and controls

CH patients 
(n = 195)

Controls  
(n = 116)

Mean age, y (SD) 58.40±11.21 54.97±10.41
Male, no. (%) 133 (68) 75 (65)
BMI, mean (SD) 24.38±4.01 23.41±4.25
Hypertension, no. (%) 97 (50)a 26 (22)
Ischemic heart disease, no. (%) 19 (10)a 0 (0)
Diabetes mellitus, no. (%) 15 (8)a 0 (0)
Alcohol consumption, no. (%) 57 (29)a 15 (13)
Smoking, no. (%) 18 (10) 7 (7)
TC, mmol/L (SD) 2.02±4.89 1.65±1.60
TG, mmol/L (SD) 4.53±1.04a 4.83±1.16
LDL, mmol/L (SD) 2.45±0.86 2.46±0.87
Notes: aP < 0.05, considered to be statistic significant. bBMI indicates 
body mass index, TC, total cholesterol; TG, triglycerides; LDL, low 
density lipoprotein.

Pshot of F12 gene C46T polymorphism is 
5’-TTTTTTTTTTTTTTTTTTTTTTTTAG- 
CTGGACC AACGGACGGA-3’. SNaPshot re- 
actions were performed as illustrated by 
the producer (Applied Biosystems Co., 
USA). The mixture of 15 µl of touchdown 
PCR product, 1 U shrimp alkaline phos-
phatase (SAP) and 1 U Exonuclease I 
(ExoI) was incubated at 37°C for 1 hour. 
After a 15-min incubation at 75°C to inac-
tivate the enzyme, 2 µl of digested PCR 
product was mixed with 5 µl of prepared 
reaction premix, 1 µl of primers mixture, 
and 2 µl of ultrapure water. The following 
PCR cycling conditions were used: 96°C 
for 1 min, followed by 28 cycles of 96°C 
for 10 s, 50°C for 5 s and 60°C for 30 s, 
with a final extension at 60°C for 1 min. 
When finished, 1 U SAP was added and 
the reaction mixture was incubated at 
37°C for 1 hour, and then inactivated at 
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between CH patients and controls with regard 
to age and sex. Similarly, there were no signifi-
cant differences in body mass index, smoking 
status, serum total cholesterol level and serum 
low-density lipoprotein level between case and 
control group. But, there were more subjects 
with hypertension, ischemic heart disease, dia-
betes mellitus, alcohol consumption in case 
patients compared with control subjects. The 
serum triglycerides level in CH patients was 
lower than that in controls (Table 1).

Genotype frequency distribution of F12 C46T 
polymorphism

Genotyping pictures and forward sequencing 
graphs of F12 C46T polymorphism are shown 

in Figure 1. The frequency distributions of the 
different genotypes for F12 C46T polymor-
phism are shown in Table 2. The genotypic fre-
quencies were in Hardy- Weinberg equilibrium. 
The allelic and genotypic frequencies of case 
subjects were not significantly different from 
those of the controls (P > 0.05). 

In addition, we analyzed the allele distribution 
of F12 C46T polymorphism between popula-
tions in this study and other areas (data from 
the National Center for Biotechnology Infor- 
mation, http://www.ncbi.nlm.nih.gov/projects/
SNP, chosen from the largest population) (Table 
3). It shows that there are significant differenc-
es between the southern Han-Chinese popula-
tion in this study and most other populations: 

Figure 1. Genotyping pictures and forward sequencing graphs of F12 C46T polymorphism. Note: A and B are for TT 
genotype; C and D are for TC genotype; E and F are for CC genotype of F12 C46T polymorphism.
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Han Chinese background (HCB), European, 
African American and Sub-Saharan African. The 
only population shares the same allele distribu-
tion with ours is the Japanese from Tokyo, 
Japan (JPT).

F12 C46T polymorphism and risk of cerebral 
hemorrhage

To evaluate the risk of CH according to the F12 
C46T polymorphism genotype, logistic regres-
sion analysis was conducted (Table 2). Using 
the TT genotype as reference, TC genotype and 
CC genotype both decreased nearly half of the 
CH risk (OR = 0.539, 95% CI: 0.190-1.527, P = 
0.245; OR = 0.383, 95% CI: 0.131-1.121, P = 
0.080, respectively) although neither associa-
tion reached statistical significance. These 
results remained not significant after adjusting 
for different confounding variables (adjusted 
OR = 0.536, 95% CI: 0.192-1.530, P = 0.243; 
adjusted OR = 0.381, 95% CI: 0.128-1.123, P = 
0.077, respectively).

Stroke is a complex disease caused by a combi-
nation of genetic and environmental factors [5, 
6]. F12 gene is located on 5q33-qter which 
comprises 13 introns and 14 exons [20, 21]. 
Although several polymorphisms in the F12 
gene have been found to be associated with 
F12 deficiency, the association of C46T poly-
morphism and ischemic stroke is of special 
interest [8, 22-26]. This functional C46T poly-
morphism has been known to influence F12 
levels and increase the risk of several thrombo-
sis diseases because it causes a new start 
codon (ATG) for the transcription of the mRNA 
and a frame shift that produces a truncated 
protein [8, 27, 28]. But the results of studies on 
the relationship of the C46T polymorphism and 
F12 levels with the risk of ischemic stroke are 
still controversial [11-14]. Contrary to our 
expectation, the present case-control study in 
southern Han-Chinese population showed for 
the first time that no significant association 
appeared between risk of CH and F12 C46T 
polymorphism in overall statistical analyses.

Table 2. Alleles and genotype frequency distribution of the F12 C46T polymorphism among cases 
and controls and their associations with cerebral hemorrhage risk

Patients, n 
(%)

Controls, 
n (%)

p value 
(2 d.f.)

Logistic Regression

Crude OR (95% CI) Crude  
p value Adjusted OR (95% CI) Adjusted 

p value
Allele frequency
    T 298 (76.8) 175 (76.8) 0.989 1.00 (Reference) 1.00 (Reference)
    C 90 (23.2) 53 (23.2) 1.003 (0.681-1.477) 0.989 1.005 (0.678-1.479) 0.987
General genotype
    TT 121 (62.4) 66 (57.9) 0.438 1.00 (Reference) 1.00 (Reference)
    TC 56 (28.9) 43 (37.7) 0.539 (0.190-1.527) 0.245 0.536 (0.192-1.530) 0.243
    CC 17 (8.8) 5 (4.4) 0.383 (0.131-1.121) 0.080 0.381 (0.128-1.123) 0.077
Logistic regression adjusted for hypertension, ischemic heart disease, diabetes mellitus, alcohol intake, and serum level of 
triglycerides. d. f. = degrees of freedom, OR = odds ratio, CI = confidence interval.

Table 3. Comparison of allele frequencies of the F12 
C46T polymorphism between populations in this study 
and in other ethnics
Population n T C χ2 p value
Ours 228 76.8 23.2
HCB 90 61.1 38.9 5.984 0.014
JPT 172 69.8 30.2 1.258 0.262
European 226 18.6 81.4 67.388 0.000
African American 46 52.2 47.8 13.648 0.000
Sub-Saharan African 226 58.0 42.0 8.228 0.004
Reported data from the National Center for Biotechnology Informa-
tion, chosen from the largest population, HCB = Han Chinese 
background, JPT = Japanese from Tokyo, Japan.

Discussion

F12 is an 80 kDa protein of the serine-pro-
tease family which initiates the coagula-
tion cascade by the intrinsic pathway and 
also participates in the kinine activation 
system [16, 17]. F12 used to be consid-
ered to have little to no effect on coagula-
tion in vivo [18]. But recent studies sug-
gested that F12 deficiency prevents 
pathological thrombus formation, while 
not affect regular hemostasis [11, 19]. 
F12 is then thought to be “a neglected 
player in stroke pathophysiology” [11].
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Our findings also added evidences to the com-
plex ethnic or geographic differences of the 
F12 C46T polymorphism. For instance, accord-
ing to the National Center for Biotechnology 
Information database, T allele frequency of F12 
C46T polymorphism among the different eth-
nicities is as follows: 0.186 in Caucasians, 
0.522/0.580 in Africans, 0.611 in Chinese and 
0.698 in Japanese. This study found that the T 
allele frequency of F12 C46T polymorphism 
was 0.768 among our southern Han-Chinese 
population, only similar to the reported allele 
frequencies in Japanese, even not similar to 
the reported Chinese data from different dis-
tricts of China. Since the allele-dose-dependent 
manner was found in carriers of the T allele of 
F12 C46T polymorphism to reduce F12 plasma 
levels [9, 10], the highest T allele distribution in 
our population in turn increased the reliability 
of our conclusion.

Our study has several limitations. First, our 
sample size was not large enough. Second, we 
did not include F12 haplotype or gene-gene 
interaction in our study design. Considering 
these additional effects would promise further 
power implications.

In summary, our results indicated that the func-
tional F12 C46T polymorphism is unlikely to be 
a major CH susceptibility gene locus in the 
studied population. The highest T allele distri-
bution in our population among different popu-
lations increased the reliability of this conclu-
sion. However, further independent studies are 
needed to validate our findings and to better 
understand the association of F12 C46T poly-
morphism and CH susceptibility.
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