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Introduction: von Willebrand disease (VWD) is the most prevalent bleeding disease, which is associated with either low levels of
von Willebrand factor (VWF) or abnormality in its structure. Three types of the disease have been described; type 1 (VWD1) and 3
(VWD3) are caused by deficiency of VWF and type 2 (VWD2) is caused by production of defective VWF. The aim of the current
study was to characterize gene variants of VWF gene; exon 18 in particular, in a cohort of Saudi families as well as healthy control
subjects.
Methods: A total of 19 families comprising 60 subjects of type 1 VWD were enrolled in the study. Participants were divided into 22
index cases, 21 affected family members and 17 unaffected family members ranging in age from 6 to 70 years. Blood samples were
collected from all participants to measure activated partial thromboplastin time test (APTT), von Willebrand antigen level (VWF:Ag),
Factor VIII activity (FVIII:C) and ristocetin cofactor activity (VWF:RCo), platelet count, determining the ABO blood group and for
genetic analysis by Sanger sequencing.
Results: The results indicated that VWD1 patients have lower levels of VWF and factor VIII than the non-affected family members
and the control subjects. In addition, five gene variants were reported in VWF exon 18; of these, c.2365A>G and c.2385T>C were
more common in the control group and might be protective from VWD.
Discussion: In conclusion, VWF levels are influenced by blood group, and there was no association between variants in exon 18 of
VWF gene reported in all groups and the disease status; however, blood group analysis and genome-wide genotyping could help to
highlight high-risk groups and improve clinical management of VWD.
Keywords: VWF gene, von Willebrand disease, Saudi Arabia

Introduction
von Willebrand disease (VWD) is the most common bleeding disorder in humans.1 The disease is caused by one
mutation or more in the von Willebrand factor (VWF) gene that causes a qualitative or quantitative abnormality in the
protein product. VWD is generally inherited as an autosomal dominant trait and affects both genders.2 In this regard,
three types of the disease have been described; type 1 (VWD1) and 3 (VWD3) are associated with partial or complete
deficiency in VWF in order, whilst type 2 (VWD2) is associated with production of defective VWF.3 The prevalence of
this disease varies among different ethnic groups.4 In Saudi Arabia, a study5 showed that the prevalence of VWD is
higher than other populations, reaching 3.9% of the Saudi population. The gene of VWF comprises 52 exons producing
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a large glycoprotein. Also, the presence of a highly similar gene known as pseudo VWF with a highly homologous
sequence makes genetic analysis of VWF challenging.6 It was recently reviewed that >700 unique gene variants of VWF
were compiled in VWF variant database established by a group of researchers at the University of Sheffield in the UK
(http://www.vwf.group.shef.ac.uk/).7 Numerous studies have reported several types of mutations in VWD in different
populations; majority of these mutations are missense. Also, low levels of VWF are associated with the presence of
mutations in the VWF gene. The authors also indicated that the disease severity might be affected by other factors such as
ABO blood group type.8,9 Therefore, the aim of the current study was to characterize the phenotypic and genotypic
signatures of patients diagnosed with type 1 VW disease and their family members (affected and non-affected) by
recording specific phenotypic scores compared to control values and performing DNA Sanger sequencing, a particular
focus was given to exon 18 on VWF gene.

Patients and Methods
A total of 21 families comprising 60 subjects of type 1 VWD (11 males and 49 females). Participants were divided into 22
index cases (who were previously diagnosed with type 1 VWD), 21 affected family members (diagnosed with type 1 VWD)
and 17 unaffected family members ranging in age from 6 to 70 years. Phenotypic analysis was used to confirm the diagnosis
with type 1 VWD. All participants signed an informed consent prior to participation and answered the International Society
on Thrombosis and Haemostasis (ISTH) bleeding score questionnaire (ISTH-SSC) to assess the severity of bleeding
symptoms. This study was conducted in accordance with the Declaration of Helsinki. The study was reviewed and approved
by the institutional review board at Imam Abdulrahman Bin Faisal University (IRB-2017-03-009). Samples were collected
from children and adolescents up to 18 years of age upon receiving signed informed consent from a parent and/or legal
guardian and from participants for >18 years for participation in the study.

Sample Collection and Downstream Analysis
Three blood samples were collected from each participant, 2 samples were collected in sodium citrate tubes and one
sample in EDTA vacutainer. The sodium citrate sample was used for activated partial thromboplastin time test (APTT),
von Willebrand antigen level (VWF Ag), Factor VIII activity (FVIII:C) and ristocetin cofactor activity (VWF:RCo) to
assess the phenotypic profiles. VWF Ag, FVIII:C, and VWF:RCO were measured by STAR Max® - Stago (Diagnostica
Stago, France) hemostasis analyzer. VWF Ag was determined by ELISA method using the Asserachrom® VWF Ag kit
(#00942, Diagnostica Stago, France). Factor VIII: C was quantified using a chromogenic method by employing the
triniCHROM factor VIII: C kit (#T2608, Diagnostica Stago, France). VWF:RCO was also assessed by an automated
method using STA-VWF:RCO kit (#01191, Diagnostica Stago, France) according to the manufacturer’s protocol. The
EDTA sample was used for measuring the platelet count, determining the ABO blood group and for genetic analysis.

Genotype Analysis
Herein, exon 18 of the VWF gene was selected for genotyping analysis from the VWF variant database (http://www.vwf.
group.shef.ac.uk/), which indicated 107 identified gene variants in this exon. The primers (Forward: 5′
TAGGGGACCAAAGGACAGTG 3′ and Reverse: 5′ CCGTGTTTAGCCCTTGTTTC 3′) used to amplify exon 18
were previously reported.8,10 The primer annealing sequences were cross-checked for the presence of single nucleotide
variants at www.ensebmble.org.

PCR and Gel Purification of PCR-Product
DNA was extracted from participants’ blood using Relia prepTM blood g DNA mini prep system kit (Promega
Corporation, USA) according to the manufacturer’s protocol. The PCR reaction was performed in a final volume of
30 µL containing 15 µL master mix (Taq DNA polymerase enzyme, buffer, deoxy nuclease triphosphate (dNTPs), MgCl2
and loading dye), 2 µL of each primer, 2 µL of the template DNA (100 ng) and 9 µL nuclease free water (PCR reagents
were purchased from MOLEQULE-ON®, Auckland, New Zealand). The thermal cycling (Maxi TM thermal cycler by
ESCO technologies, USA) was set to an initial denaturation at 94 °C for 7 minutes, denaturation at 94 °C for 1 minute,
annealing at 60 °C for 1 minute (35 cycles), extension at 72 °C for 1 minute, and a final extension at 72 °C for 7 minutes.
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The expected product size of this PCR reaction is 349 bp. Product size was confirmed by 2% agarose gel electrophoresis
and compared with DNA ladder (MOLEQULE-ON). The DNA bands were then visualized under a UV-light box then
purified the amplified PCR product. Gel purification was performed using MQ PCR/Gel product purification kit
(MOLEQULE-ON).

DNA Sequencing
Purified amplicon for exon 18 of VWF gene was sequenced using the chain termination method developed by Frederick
Sanger.11 The sequencing was done using the forward and the reverse primers separately by Applied Biosystems ABI
3730xl Capillary DNA analyzer. The results were analyzed by UCSC genome browser https://genome.ucsc.edu/ by the
BLAT tool. This tool compares the analyzed sequence with the human von Willebrand Factor reference sequence. The
results were also analyzed by special software programs: Vario Box program (Bioinformatics. UA. PT, Portugal),
sequence analysis software program (ABI, USA), and Mutation Surveyor V4.0.8 program (soft Genetics, USA). All
sequences were compared to the following VWF GenBank reference sequences, Homo sapiens von Willebrand Factor
(VWF), mRNA NCBI reference sequence: NM_000552.4 and GenBank accession NC_000012.12 region:
5949015.6123196.

Statistical Analysis
The mean, the median, the range, the 25th and 75th percentiles were calculated and the p value for the comparison of
gender and blood groups for each research group was calculated using the Chi-square test. The p value for the
comparisons of bleeding scores, number of bleeding symptoms and the phenotypic laboratory results between different
study groups was calculated by the Kruskal–Wallis test. The comparison between phenotypic results between groups was
done with the Mann–Whitney U-test. Cross Tabulation with correlations and Chi-square test were utilized to calculate
correlation coefficient and estimate the significance of association between genotypes and disease phenotypes and
laboratory parameters. Statistical analysis was performed using SPSS program (version 22; IBM Corp., USA). The
p value was considered statistically significant at p ≤0.05.

Results
The study sample comprised 22 index cases, 21 affected family members and 17 unaffected family members.
Table 1 summarizes the demographic characteristics and age groups within study groups. The results for these
groups were compared to a normal control group comprising 100 healthy volunteers whose demographic data are
also presented. There was a significant difference between female and male representation amongst all three study
groups (p < 0.001).

Phenotypic Signatures
Phenotypic characteristics included blood group analysis, bleeding scores and bleeding symptoms. The majority of
participants have the O blood group, which was significantly prevalent than other blood groups representing 86.4%,
95.2%, 66.7% of all index, affected and non-affected cases, respectively (p < 0.001). The median bleeding score was
significantly higher in the index case group than the affected and the non-affected family member groups (p < 0.001)
(Figure 1). Also, the median value for the number of bleeding symptoms recorded in the index group was significantly
higher than the other two patient groups (p = 0.003) (Table 2). The frequency of different bleeding symptoms recorded
for the three studied groups are summarized in Figure 2. In this regard, the bleeding symptoms reported for the affected
family members included epistaxis (30%), cutaneous bleeding (39%), oral cavity bleeding (43%), bleeding after tooth
extraction (13%), bleeding from minor wounds (4%), menorrhagia (21%), post-partum hemorrhage (13%), muscle
hematomas (8%), and other types of bleeding (8%).

Comparison between the study groups regarding laboratory investigations that included platelet count, activated
partial thromboplastin time (APTT), VWF antigen (VWF:Ag), VWF:RCo, VWF:RCo/VWF:Ag ratio, factor VIII
concentration (FVIII:C), bleeding score and number of bleeding symptoms are summarized in Tables 3 and 4. There
was no significant difference between studied groups regarding platelet count and APTT. However, individual pair
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comparisons indicated a significant difference between the studied groups regarding the measured parameters as
shown in Table 4.

Genotypic Analysis
The results of Sanger sequencing of VWF exon 18 revealed five variants. Of these, three variants were exonic and two
were intronic. Two of the exonic variants were missense changes, and other was synonymous. A summary of these
variants and their postulated clinical significance are presented in Table 5. The reported clinical significance of all exonic
variants is benign or likely benign in VWD or unspecified otherwise. The distribution of gene variants in exon 18 in
study participants are also presented in Table 5. As it could be concluded from Table 5, 8.5% of all affected cases (index
cases and affected family members) with O blood group showed gene variants in exon 18 of VWF, furthermore, 60% of

Table 1 Demographic Characteristics of Study Groups

Index Cases Affected Family
Members

Non-Affected Family
Members

Controls P value

Number of
subjects

22 21 17 100 0.001*

Gender Males 0 7 (33%) 4 (24%) 72 (72%)

Females 22 (100%) 14 (67%) 13 (76%) 28 (28%)

Age Mean 32.4 34.4 32.6 35.9 0.664

Range 6–54 7–69 6–70 18–65

Age Group Distribution

Index Cases Affected Family
Members

Non-Affected Family
Members

Controls Total

Age groups
(years)

1 Below 15 (n) 2 5 3 0 10

% within age group 20% 50% 30% 0% 100%

% within case code 9.1% 23.8% 17.6% 0% 6.3%

2 15–30 (n) 7 5 6 39 57

% within age group 12.3% 8.8% 10.5% 68.4% 100%

% within case code 31.8% 23.8% 35.3% 39% 35.6

3 31–50(n) 12 5 5 47 69

% within age group 17.4% 7.2% 12.5% 58.3% 100%

% within case code 54.5% 23.8% 17.6% 14% 43.1

4 51–70 (n) 1 6 3 14 24

% within age group 4.2% 25%% 12.5% 58.3% 100%

% within case code 4.5% 28.6% 17.6% 14% 15%

Total 21 21 17 100 160

% within age group 13.8% 13.1% 10.6 62.5% 100%

% within case code 100% 100% 100% 100% 100%

Notes: *P-values were calculated by Chi-square analyses. Differences were considered to be statistically significant at P < 0.05.

https://doi.org/10.2147/IJGM.S364818

DovePress

International Journal of General Medicine 2022:155388

Alzahrani et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


non-affected family members had O blood group and inherited with variants in exon 18. Statistical analysis indicated that
there was no significant association between c.2365A>G polymorphism and the disease groups (IC and AFM; P = 0.7).
Likewise, c.2365A>G genotype was not associated with the control and the non-affected group (P = 0.38). Similarly,
c.2385T>C genotype was not significantly associated with neither the disease group nor the non-affected groups (control
and non-affected family members) (P = 1 and 0.55, respectively). Of note, these two genotypes were only investigated
for correlation with the study groups because they were observed in the healthy control group as well as the disease
groups. In this regard, correlation studies in control group indicated that rs1063856 genotype was not statistically
correlated to factor VIII levels (P = 0.055). Likewise, the association between the genotype and VWFAg or VWF:RCo
was not statistically significant (P = 0.125 and 0.704, respectively). Similarly, rs1063857 was not statistically correlated
to the levels of factor VIII in healthy individuals (P = 0.152). Also, neither VWFAg nor VWF:RCo was in a significant
correlation with rs1063857 (P = 0.865 and 0.704, respectively).

Discussion
von Willebrand factor (VWF) performs two vital functions in the coagulation cascade being involved in migration of
platelets to the site of injuries as well as carrying factor VIII protecting it from degradation until reaching the site of
vascular injury. Therefore, maintaining normal levels of this important factor is crucial for coagulation hemostasis.12 In
this regard, it was reported that the levels of VWF are affected by a lot of biological factors including blood grouping and

Table 2 Number of Bleeding Symptoms Recorded in the Studied Groups

Number of Symptoms Median Q1, Q3 P value

0 1–3 4–6 >6

Index cases 0 13 5 4 3 2,6 0.003*

Affected family members 8 10 4 0 2 0,3

Non-affected family
members

6 8 1 0 1 0,3

Note: *P-values differences were considered to be statistically significant at P < 0.05.

Figure 1 Median values and quartiles of bleeding scores in the study groups. Results indicated that the median value of bleeding scores was the highest in the index cases as
compared to both the affected and the non-affected family members.
Abbreviations: IC, index cases; AFM, affected family members; NAFM, non-affected family members.
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genetic variants in VWF gene.13 In the current study, we have employed Sanger sequencing to analyze gene variants of
VWF exon 18 and correlate these variants with disease phenotypes in a group of families. For example, it was reported
that the single nucleotide variants rs1063856 (c.2365A>G) and rs1063857 (c.2385T>C) are significantly associated with
interpersonal variation in VWF plasma levels.14–16 Both variants were reported in the current study in 13.3% and 21.6%
of index cases and family members who have VWD, respectively. On the other hand, both variants were reported in
35.3% of non-affected participants. Also, it was reported that VWD is more frequent in individuals having 2365A and
2385T alleles.17 This was in agreement with another study that was done on Swedish VWD patients and found that the
T allele of the rs1063857 (c.2385T>C) polymorphism is correlated with the disease.18

In this respect, it was also reported that rs1063856 (c.2365A>G) and rs1063857 (c.2385T>C) are more common in
healthy individuals and their occurrence is associated with higher levels of factor VIII and VWF, which seems to be in
concordance with our results.19

The results of the current study indicated that VWF:Ag, VWF:RCo, VWF:RCo/VWF:Ag and FVIII:C values were
significantly higher in the control and non-affected family members than in the index cases and the affected family
members (Tables 4 and 5). This could explain the higher bleeding score in VWD patients (IC cases). In this context, it
was reported that there is an association between ABO blood group and the level of both factor VIII and VWF, where
people who have blood group O have lower levels of both factors.20 This seems to be in concordance with the results of
the current study that showed that the majority of the index cases and the affected subjects who had variation in exon 18

Figure 2 Frequency of different bleeding symptoms recorded for the three studied groups. Bleeding symptoms were more frequently reported in the index cases of VWD1
and the affected family members with cutaneous bleeding, oral cavity bleeding and menorrhagia being the most frequent.
Abbreviations: GI, gastrointestinal; CNS, central nervous system; IC, index cases (22 females); AFM, affected family members (21 patients, 7 males and 14 females); NAFM,
non-affected family members (17 subjects; 4 males and 13 females).
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of VWF have blood group O and they have lower levels of VWF and factor VIII as compared to the healthy control
group or the non-affected family members (Tables 5). This was also in agreement with another recent study,21 which
reported lower levels of VWF in O blood group than non-O blood group individuals. Likewise, O blood group was found
to be associated with type 1 VWD in Swedish patients.18 This confirms the finding reported in the current study showing
the prevalence of O blood group among Saudi patients of VWD. In this context, as far as blood grouping is a concern in
VWD, another group22 recommended the investigation of blood group amongst VWD laboratory panels as this might
contribute to reduction of panel requests for VWD patients. VWF gene was observed with highest number of novel

Table 3 Values of Laboratory Parameters Measured for All Studied Groups

Index Cases Affected FM Non-Affected
FM

Control P value

Number 22 21 17 100

1 Platelet number
(140–450) *103/µL

Median 276 273 307 263 0.593

25th-75th percentile 225.5–338 218.7–319.5 216–330 213–308

2 APTT(s) (26–40) s Median 37.1 37.1 35.7 35.6 0.059

25th-75th percentile 35.3–41 34–39.2 34–36.6 33.6–37.9

3 VWF:Ag (50–150) U/dL Median 53 58.5 90 100 0.001*

25th-75th percentile 42.2–56.5 46–66.7 76–96 85–130.2

4 VWF:RCO Assay

(58–172) U/dL

Median 37 41.5 73 92 0.001*

25th-75th percentile 27–41.5 33.5–50 64–83 68–133

5 VWF:RCO/VWF:Ag Median 0.69 0.73 0.8 0.94 0.001*

25th-75th percentile 0.6–0.85 0.64–0.81 0.77–0.9 0.75–1.18

6 FVIII:C (70–150) % Median 82.5 84 120 131 0.001*

25th-75th percentile 68.4–94.7 68–110.7 110–139 102.7–169

Notes: *P-values were calculated by the Fisher exact probability test. Differences were considered to be statistically significant at P < 0.05.

Table 4 Statistical Comparison Between the Values of Laboratory Parameters of All Studied Groups

Age Platelets APTT VWF:Ag VWF:
RCO

VWF:
RCO/

VWF:Ag

FVIII:
C

Bleeding
Score

Number of
Symptoms

P value

IC vs AFM 0.923 0.923 0.481 0.096 0.098 0.632 0.850 0.001* 0.004*

IC vs NAFM 0.788 0.702 0.034 0.001* 0.001* 0.017 0.001* 0.001* 0.003*

IC vs control 0.462 0.516 0.029 0.001* 0.001* 0.001* 0.001*

AFM vs NAFM 0.908 0.523 0.123 0.001* 0.001* 0.028 0.001* 0.908 0.0062

AFM vs controls 0.451 0.531 0.123 0.001* 0.001* 0.001* 0.001*

NAFM vs control 0.419 0.210 0.597 0.013* 0.008* 0.053 0.559

Note: *P-values differences were considered to be statistically significant at P < 0.05.
Abbreviations: IC, index cases; AFM, affected family members; NAFM, non-affected family members.
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HGMD heterozygous variants among the blood and bleeding disorder genes reported from the Saudi population.23,24

Further analysis of other exons in VWF gene in the study subjects can reveal the molecular basis of VWD.
The study could conclude that VWF levels are influenced by blood group and presence of certain gene variants

indicating that both routine hematology testing and genetic analysis are important to decide on clinical management and
classification of patients.24–26 The results of the current study as well as other studies identified a few gene variants of
VWF exon 18 that could be protective from VWD; therefore, individual’s genotyping is advocate to screen for high-risk
group that allows early diagnosis and therapeutic intervention.
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Table 5 Gene Variants of VWF Exon 18 and Their Distribution in the Studied Groups

Nucleotide
Change

Location Protein
Change

rs Number Clinical
Significance

Variant Type MAF
(1000 G)

No. %

1 c.2332G>A Exon 18 p. Ala778Thr rs146892641 uncertain missense 0.02% 1 1.6%

2 c.2365A>G Exon 18 P. Thr789Ala rs1063856 B/LB* missense 33.6% 14 23.3%

3 c.2385T>C Exon 18 p. Tyr795= rs1063857 B/LB* Synonymous 33.6% 22 36.6%

4 IVS2442

+38G>GT

Intron 18 1 1.6%

5 IVS2442

+71G>GC

Intron 18 1 1.6%

Case Classification

# Exon 18
Variants

Index
Cases

Affected Family Members Non-Affected Family
Members

Control

1 c.2365A>G 5/22 (22.27%) 3/21 (14.28%) 6/17 (35.3%) 25/100 (25%)

2 c.2332G>A 1/22 (4.54%) - - -

3 c.2385T>C 7/22 (31.8%) 6/21 (28.57%) 6/17 (35.3%) 26/100 (26%)

4 IVS2442

+71G>GC

2/22 (9%) - - -

5 IVS2442

+38G>GT

1/22 (4.54%) - - -

Blood Group Distribution

1 O blood group 78.5% 60%

2 Other blood

groups

21.5% 40%

Abbreviation: *B/LB, benign/likely benign.
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