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Correlation of von Willebrand factor gene
polymorphism and coronary heart disease
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Abstract. To characterize von Willebrand factor (vWF) gene
polymorphisms at site A1381T and the correlation of plasma
VWF levels with coronary heart disease, the vVWF genotypes
at site A1381T were analyzed by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) in
patients diagnosed with coronary heart disease and normal
controls (n=110 per group), and plasma VWF levels were
measured by enzyme-linked immunosorbent assay. The results
showed that the plasma VWF levels were higher in the experi-
mental group than in the control group and had no association
with gender (t=11.69, p<0.05). In the experimental group, the
plasma VWF levels were higher in the patients with the AG
genotype than in those with the GG genotype (p<0.05). In the
control group, the plasma VWF levels of the subjects with blood
type O were significantly lower than those of the individuals
with other blood types (p<0.05). In the experimental group, all
blood types had significantly higher plasma vWF levels than the
control group and the difference was significant among different
blood types (p<0.05). In summary, VWF gene polymorphisms
at site A1381T were not associated with coronary heart disease,
but plasma vWF levels were influenced by vVWF gene polymor-
phisms at site A1381T, blood type and coronary heart disease.

Introduction

Von Willebrand factor (VWF) is a cytokine that is synthesized
by vascular endothelial cells and stored in Weibel-Palade
bodies, storage granules within endothelial cells. Upon damage
to the vascular endothelium, VWF is secreted by vascular
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endothelial cells and is released into the plasma. The main
component of VWF is a large multimeric glycoprotein, and its
primary function is to mediate platelet adhesion and promote
thrombosis (1-3). Previous studies have shown that platelet
membrane glycoprotein Ib, collagen and heparin are able to
bind with the vWF gene (at the Al domain) and affect vVWF
structure and function (4). The vVWF gene polymorphism T/T at
site A1381T markedly enhances the affinity of vWF for platelet
GPIb (5). However, it is still unclear whether this polymorphism
is related to susceptibility to coronary heart disease (6,7). The
current study investigated the correlation between vVWF gene
polymorphism at site A1381T and coronary heart disease.

Materials and methods

Study subjects. The subjects included 110 patients diagnosed
with coronary arteriosclerotic heart disease in the Cardiology
Department of The First Affiliated Hospital of Zhengzhou
University from Oct 2009-May 2011 and comprised 62 males
and 48 females. The median age of the subjects was 58.34 years
(range 38-79). The control group comprised 110 healthy control
subjects who received a health examination in our hospital
and included 64 males and 4 females. The median age of the
control group was 57.36 years (range 37-80). There were no
statistically significant differences in age and gender between
the experimental group and the control group. All research
subjects completed a health history questionnaire and received
a physical examination, electrocardiogram, measurement of
routine biochemical indicators and blood typing. The study
was approved by the ethics committee of The First Affiliated
Hospital of Zhengzhou University. All subjects provided
informed consent.

Determination of plasma vWF level. Plasma vVWF levels were
measured with an enzyme-linked immunosorbent assay kit
(Sun Biotech Co., Ltd., Beijing, China). The measured result
was presented as a percentage of the VWF level in the standard
calibrator plasma provided in the assay Kkit.

Genotype identification. Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) was
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Table I. Plasma von Willebrand factor (vWF) levels in males
and females.
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Table III. Genotype and allele frequency in experimental and
control groups.

Plasma vWF level (%) Genotypes Allelic gene
Groups n Males Females Groups n GG AG G A
Experimental 110 140.41+20.05 143.55+21.22  Experimental 110 77 33 187 33
Control 110 11421£17.22 108.80£16.72  Control 110 74 36 184 36
¥ 0.19 0.16
P >0.05 >0.05

Table II. Plasma von Willebrand factor (vWF) levels for geno-
types GG and AG.

Plasma vWF level (%)

Groups n GG AG

133.32+12.95%
112.86+16.74

161.53+21.52¢
110.07+18.05

Experimental 110
Control 110

2p<0.05 vs. control group; °p<0.05 vs. AG.

used to determine the polymorphism genotypes. Venous
blood samples (5 ml) were collected from all subjects. The
phenol-chloroform-isopentanol method was used to extract the
genomic DNA (8) and target segments were amplified by poly-
merase chain reaction (PCR). The sequences of the primers
were: forward, 5'-CACCAGCGAGGTCTTGAAAT-3"; and
reverse, 5-GGCAAGGTCACAGAGGTAGC-3". The PCR
system was composed of: 2 ul genomic DNA; 5 ul 10X PCR
buffer (Takara, Dalian, China); 3 ul ANTP (25 mmol/; Takara);
0.5 ul Taq DNA polymerase (2.5 U/ml; Takara); 3 ul MgCl,
(25 mmol/l; Takara); 1 ul forward primer; 1 pl reverse primer;
and water to a final volume of 50 ul. The PCR conditions
included 30 cycles of: denaturation at 94°C for 5 min as a single
step; degeneration for 30 sec at 94°C; annealing for 45 sec at
57°C; extension for 60 sec at 72 °C; and a final extension for
10 min. Digestion was carried out using 2 ¢l PCR product, 2 1
Hph I endonucleases (Promega Corporation, Madison, WI,
USA), 2 ul 10X buffer and 20 ul deionized water. This reaction
mixture was incubated in a 37°C water bath for 4 h. Next, 1 pl
6X sample buffer was added to 5 pl reaction product and the
total volume was loaded onto a 2% agarose gel and electro-
phoresed at 110 V for 30 min. The genotypes were determined
from the size and number of the gel bands. The genotype GG
product had one band with a size of 316 bp and the genotype
AG product yielded three bands of sizes 316, 252 and 64 bp.

Statistical methods. SPSS 13.0 for Windows statistical soft-
ware was used for statistical analysis using the x* test and
t-test, as appropriate. p<0.05 was considered to indicate a
statistically significant result.

Results

Correlation between gender and plasma vWF. The mean
plasma vVWF level in the experimental group (141.78+20.53%)

was significantly higher than that in the control group
(111.95+17.15%) and the difference was statistically
significant (t=11.69, p<0.05). In the experimental group, no
significant difference was identified between the plasma vVWF
levels of males (140.41+20.05%) and females (143.55+21.22%;
t=0.7957, p>0.05). Similarly, in the control group, no signifi-
cant difference was identified between the plasma vVWF
levels of males (114.21£17.22%) and females (108.80+16.72%;
t=1.644, p>0.05; Table I). The mean plasma vWF level
of males across the experimental and control groups was
(127.10+22.77%) and this was not significantly different
from that of the females in the two groups (126.56+25.85%;
t=0.1679, p>0.05).

Plasma vWF levels for different test groups and genotypes. The
experimental and control groups had 69 total cases of geno-
type AG with a mean plasma vVWF level of 134.68+32.05% and
151 cases of genotype GG with a mean plasma VWF level of
123.29+18.07%. The mean plasma levels of VWF of genotype
AG in the experimental and control groups were significantly
higher than those of genotype GG (t=3.329, p<0.05). In the
experimental group, there were 33 cases of genotype AG
with a plasma vVWF level of 161.53+21.52% and 77 cases of
genotype GG with a plasma VWF level of 133.32+12.95%.
The plasma level of vVWF of genotype AG in the experimental
group was significantly higher than that of genotype GG
(t=8.488, p<0.05). In the control group, there were 36 cases of
genotype AG with a mean plasma vVWF level of 110.07+18.05%
and 74 cases of genotype GG with a mean plasma VWF level
of 112.86+16.74%; the difference between the genotypes was
not statistically significant (t=0.80, p>0.05). The plasma vVWF
levels of the two genotypes in the experimental group were
significantly higher than the corresponding values in the
control group (p<0.05; Table II).

Comparison of genotype and allele frequency. No statistically
significant differences in the distribution of the two genotypes
between the experimental and control groups were observed
(x*=0.19, p>0.05). Furthermore, no statistically significant
differences were observed in the allele frequency distribu-
tion between the experimental and control groups (x*=0.16,
p>0.05). In the experimental group, the frequencies of alleles
G and A were 85 and 15%, respectively; in the control group,
the frequencies of alleles G and A were 83.63 and 16.34%,
respectively (Table III).
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Table IV. Correlation between blood group and mean plasma
von Willebrand factor (vWF) levels.

Group Blood n Mean vWF SD
group level (%)
Control A 23 118.82 18.86
B 31 114.61 16.77
AB 28 116.07 15.13
(0 28 99.24 11.05
Experimental” A 27 141.38 21.31
B 30 139.52 15.76
AB 21 141.76 21.14
O 32 144.25 23.86

SD, standard deviation. *p<0.05 vs. blood types A, B and AB within
the control group; *p<0.03, vs. the control group.

Correlation between different blood groups and plasma vWF.
In the experimental group, the plasma vWF levels of blood
types A, B, AB and O were significantly higher than the corre-
sponding plasma levels in the control group (p<0.05). However,
no significant difference in plasma vWF levels was observed
among the four blood types within the experimental group. In
the control group, the plasma vWF levels of the subjects with
blood type O were significantly lower than those of subjects
with blood types A, B and AB (p<0.05; Table I'V).

Discussion

Previous studies have suggested that vVWF is only synthesized
by endothelial cells, is secreted into the circulation and has key
effects on the formation of coronary thrombosis (9). Plasma
vWF is now considered to be a marker of arterial endothe-
lial injury and dysfunction and impacts the pathogenesis of
coronary heart disease (5,10). Current research suggests that
VWF levels are related to coronary heart disease via the
physiological functions of vVWF proteins, but other research
suggests a limited correlation between VWF and coronary
heart disease (11). It is possible that particular aspects of vVWF
structure and function are related to heart disease and that a
more detailed molecular analysis and epidemiology assess-
ments are warranted.

Our results show that the plasma vVWF levels of patients
with coronary heart disease are significantly elevated
compared with those of the normal population; this is
essentially consistent with previous results obtained across
demographically diverse populations (12). The plasma VWF
levels of two genotypes (AG and GG) in the experimental
group were higher than their corresponding levels in the
control group. The results may be associated with a higher
risk of vascular endothelial injury in patients with coronary
heart disease, resulting in more VWF being released by the
endothelial cells into the plasma (13).

Notably, the results show that overall, VWF gene polymor-
phism at the A1381T site is not associated with coronary heart
disease. This finding may be caused by the limited sample
size and needs to be evaluated in a larger cohort. However,
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the plasma vWF levels in the patients with the AG genotype
were higher than those in the patients with the GG genotype
among all 220 cases (experimental and control groups), but no
statistically significant difference was observed between the
two genotypes within the normal group. The current sample
size was not sufficiently large to determine the specific
correlation of plasma VWF with genotype AG and coronary
heart disease, but this would be a worthwhile subject for
subsequent studies.

Our study also found that the plasma vWF levels of
patients with coronary heart disease and blood types A, B,
AB and O were significantly higher than those of the normal
population. However, no statistically significant differences
were observed in the vVWF levels among the four blood types
in the patients with coronary heart disease. The plasma VWF
levels of the normal population with blood type O were
significantly lower than those of the other blood types. A
previous study has shown that the ADAMTSI13 metallopro-
teinase is able to inactivate plasma VWF by hydrolysis (14),
while glycophorin glycosyltransferase is able to inhibit the
hydrolysis of the metalloproteinase for vWF. There is a
congenital lack of the relevant transferase in blood type O.
Therefore, the increased hydrolysis of vVWF will significantly
reduce the plasma levels of vWF (15). Accordingly, our results
in the normal population are consistent with this known
mechanism, but this association appears to be affected in the
subjects with coronary heart disease. The reasons for this
difference require further study.

In brief, the current results show that a polymorphism
of the VWF gene at the A138IT site is not associated with
coronary heart disease. However, VWF polymorphism at the
A138IT site, blood type and coronary heart disease status all
affected plasma vWF levels. Further studies in larger cohorts
are required to ascertain which polymorphisms of the vVWF
gene are able to predict the risk of heart disease.
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