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Resumen

Introduccion: El tipo de grupo sanguineo entre otros factores, influye en los niveles plasmaticos del Factor de von Willebrand
(FvW), su actividad biolégica podria incidir en el desarrollo de eventos trombéticos y hemorragicos. Objetivo: Describir las
caracteristicas y los mecanismos de reacciones postrasduccionales del grupo sanguineo que permiten la variacién en la
concentracion plasmatica del FvW. Materiales y métodos: Revision tedrico descriptiva de tipo documental. Las bases de datos
consultadas fueron Medline, Lilacs, ScienceDirect, Scopus, SciELO, Proquest, Ovid y Pubmed. Como criterio de seleccidon se
incluyeron articulos en idioma inglés y espafiol a partir del afio 2010 y algunos anteriores como referente historico. Resultados: Se
describieron los principales mecanismos e investigaciones que evidencian la influencia del tipo de grupo sanguineo ABO en los
niveles plasmaticos del FvW, asi como la estructura y funciéon de dicha proteina. Conclusiones: Las concentraciones plasmaticas
del FvW pueden depender del tipo de grupo sanguineo, la edad, sexo, embarazo, ciclo menstrual, variacion de proteinas y factores
bioquimicos e inmunolégicos. Se podria tener en cuenta el tipo de grupo sanguineo de los pacientes como un posible factor predictor
a futuro de complicaciones clinicas tanto trombdticas como hemorragicas.

Palabras clave: Factor de von Willebrand; antigenos de grupos sanguineos; proteina ADAMTS13; trombofilia. (Fuente: DeCS,
Bireme).

Abstract

Introduction: The type of blood group among other factors influences the plasma levels of von Willebrand Factor (FvW) and its
biological activity could influence the development of thrombotic and hemorrhagic events. Objective: To describe the
characteristics and mechanisms of post-translational reactions of the blood group that generate variation in the plasma
concentration of FvW. Materials and methods: A descriptive theoretical review of documentary type. The databases consulted
were Medline, Lilacs, ScienceDirect, Scopus, SciELO, Proquest, Ovid and Pubmed. As a selection criterion, articles in English and
Spanish were included beginning in 2010 and some previous ones as historical reference. Results: The main mechanisms and
investigations that show the influence of the ABO blood group type on the plasma levels of FvW, as well as the structure and function
of this protein were described. Conclusions: FvW plasma concentrations may depend on the type of blood group, age, sex,
pregnancy, menstrual cycle, protein variation and biochemical and immunological factors. The type of blood group of patients could
be considered as a possible future predictor of both thrombotic and hemorrhagic clinical complications.
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Introduction

Blood cells have different antigenic and immune
properties in each individual such as the ABO system
discovered by pathologist Landsteiner in 1901(). Two
antigens (A and B) appear on the surface of
erythrocytes in a large proportion of humans. These
antigen types are called agglutinogens because they
agglutinate erythrocytes and cause most of the blood
transfusion reactions(?).

Blood types can be defined as a set of encoded
antigens (A, AB, B, O) that are transmitted following a
Mendelian inheritance pattern(®). The determination
of a specific type in blood banks is essential to identify
the appropriate products for transfusions. People
thatlack A and B type antigens, i.e., people that belong
to the O group, start producing antibodies against
those erythrocyte antigens a few months after birth®).

Atthe level of blood plasma, in addition to these blood
type antigens, there are other molecules that play
important biological roles such as the von Willebrand
Factor (VWF). This protein is synthesized by cells in
the vascular endothelium and megakaryocytes, being
then stored in platelet alpha granules(4. VWF has
several functions, including: a) mediating platelet
adhesion to vascular damage sites by binding to the
Gplb/IX membrane glycoprotein complex and
collagen in vascular subendothelim; b) facilitating
platelet aggregation by binding to the IIb/Illa platelet
receptor glycoprotein; and c¢) binding to the
protothrombotic factor VIII (FVIII) to prevent its
degradation by activated protein C in blood®.

The type of blood group is related to concentration
levels of von Willebrand Factor in plasma. This
association has drawn attention because variations in
the concentration of this protein increase patient’s
risk of presenting thrombotic problems and, in some
cases, bleeding(56). In the future, this relationship
could serve as a possible predictor of those events.
This literature review is aimed to examine the
mechanisms by which the type of blood affects
plasma concentration levels of FVW, beginning with
the analysis of its conformational structure, its
genetic variability and functions of associated
proteins.

Materials and methods

A literature review was carried out through an
electronic search in Medline, Lilacs, ScienceDirect,
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Scopus, SciELO, Proquest e-library and Pubmed
databases, using the keywords: von Willebrand
Factor, blood groups, ADAMTS13, thrombophilia, and
their combinations. Original research and review
articles published in English and Spanish since 2010,
with a few previous ones that were used as a
historical reference, were included. In addition,
updated electronic books were used to support
essential theoretical aspects.

Results

The blood group antigen

Although the antigens present in erythrocytes are
believed to be pure proteins, it is possible that those
molecules are only carriers of antigenic determinants
and need lipids and carbohydrates to act as complete
antigens(7). The genes that control the structure of a
particular antigen occupy a corresponding location
(locus) within a pair of homologous chromosomes(®).
Each chromosome is formed by two DNA strands that
contain an assembly of genes, which encode genetic
information through a specific sequence of
nucleotides(®).

The genes of the ABO system are located in human
chromosome 9 and have three alleles (A, B and 0),
which vary according to nucleotide substitutions that
determine the specificities of the encoded
enzymes(19), The A allele encodes for transferase A
that catalyzes the binding of N-acetylgalactosamine
(GalNAc) to H antigen (precursor oligosaccharide
encoded in chromosome 9) to generate the A antigen.
The B allele encodes for transferase B, which
catalyzes the binding of D-galactose to antigen H to
give rise to the B antigen. In contrast, the O allele
produces an enzyme without transferase activity. As
aresult, blood group O cells contain large amounts of
the H antigen, while the concentration of this
molecule on the surface of A- and B-type blood cells is
comparatively low(210), Individuals who do not inherit
the H gene belong to the Bombay phenotype (hh) and
do not produce H antigen. Therefore, they do not
express any allelic form of A, B or O on the erythrocyte
membrane(?).

Von Willebrand Factor (VWF)

VWF is a multimeric glycoprotein synthesized in
vascular endothelial cells and megakaryocytes that
has a half-life of nearly 12-16 hours. It is encoded by
a 52-exon gene (178Kb) located in the 12p13.2
region(11), which has more than 160 allelic variants(12),
75-85% of the freely circulating VWF in plasma
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comes from the endothelium, whereas the remaining
15-25% is stored in circulating platelets that develop
from megakaryocytes. During the course of the
synthesis of VWF, the pre-pro-VWF precursor protein
is formed, which has a size of 300-350 KDa (2813 aa)
containing a 22 aa signal peptide, a 741 aa propeptide
and a 2,050 aa mature protein(3),

The structure of the VWF glycoprotein consists of
several repeated domains arranged in the following
order: D1-D2-D'-D3-A1-A2-A3-D4-C1-C2-C3-C4-C5-
C6-CK(1%.D1, D2, D’ and D3 domains participate in the
regulation of the multimer formation process, while
D’ and D3 mediate binding to FVIIL. Both Al and A3
domains possess collagen binding properties. While
the A1 domain of VWF is required for its interaction
with Glycoprotein Ib/IX platelet receptor complex
(Gplb/IX), the C2 domain is used for VWF binding to
Glycoprotein IIb/Illa platelet receptor complex
(Gpllb/Illz). Thus, each VWF monomer has domains
that facilitate its physical interaction with ligands

present in platelets (Gplb/IX and Gpllb/Illa),
subendothelium (collagen) and bloodstream
(FVIID)a3),

VWEF is originally synthesized as a precursor (pre-
pro-VWF) in the endoplasmic reticulum (ER). After its
cleavage and separation from the signal peptide
located at the amino-terminus, pro-VWF is assembled
in dimers via disulfide bonds (S-S) formed between
its carboxy-terminus (CK domain). Following
successive sulfation and glycosylation processes,
VWEF is then multimerized by S-S bonds between the
amino-terminal ends of the dimers (D3 domain).
After the proteolytic cleavage of the propeptide
(VWFpp), both VWF and VWFpp are secreted to
plasma in equimolar amounts (1:1), stored as ultra-
large von Willebrand factor (ULVWF) multimers, or
directly released to plasma to be degraded into
smaller and less thrombotic multimers(415),

Von Willebrand Factor Propeptide (VWFpp)

Historically, VWF has also been known as “factor VIII-
related antigen”(16). This propetide was originally
identified by Montgomery and Zimmerman in 1978 as
a second von Willebrand disease (VWD) antigen that
was deficient in platelets and plasma of patients(7).
VWFpp (vW Agll) is released from platelets during
the blood coagulation process, revealing its presence
in both platelets and plasma. The propeptide is
cleaved in the ER and functions as a mediator for the
formation of VWF multimers. VWF and its propeptide
are released into the bloodstream in an equimolar
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relation. However, the molecules are removed at
different rates, with circulating half-lives of
approximately 12-16 h and 2-3 h for VWF and
VWPFpp, respectively(18),

The life cycles of VWF and VWFpp are related due to
the fact that VWFpp is subjected to extensive
intracellular ~ processing events(9). VWFpp
translocates into the endoplasmic reticulum where
the signal peptide is removed, the protein is folded
and disulfide bonds between most of the 234 cysteine
residues of VWF are formed. This factor is then post-
translationally glycosylated at its 17N-linked
glycosylation sites (4 in VWFpp and 13 in mature
VWF)(20), Before leaving the ER, VWF forms a carboxy-
terminal dimer (C-terminal). When this protein
reaches the Golgi Complex, linked glycans are added,
carbohydrates are further modified and sulfation
occurs. Then, C-terminal dimers form amino-terminal
multimers (N-terminal) with varying molecular
weight, ranging from 500 to 20,000 KDa(9-2D),
Although a proteolytic cleavage by furin separates
VWFpp from mature VWF, both proteins remain
attached through non-covalent bonds(1. Finally,
VWF and VWFpp are stored in regulatory secretory
granules, Weible-Palade bodies (WPB) in endothelial
cells, and within a-granules in
magakacyocytes/platelets(22).

Von Willebrand Factor Clearance

Characterization of VWFpp is achieved through
capture antibodies, whose plasma levels are
proportional to VWF:Ag and reflect VWF synthesis.
An increase in the VWFpp/VWF:Ag ratio (>2)
indicates a greater purification caused by different
mechanisms®3). Changes that occur during the
purification process of WVF can affect its plasma
levels but do not seem to affect its clearance.
Therefore, several laboratories have used the
VWFpp/VWF: Ag ratio as a measure of VWF
clearance(2223),

If VWF and FVIII establish a circulating complex,
there are significant relative differences in VWF
clearance, reflected as a clear increase in FVIII
without affecting plasma levels of VWF@3), In
acquired von Willebrand disease (VWD), caused by
an autoantibody directed against VWF, the clearance
of VWF and FVIII takes place. Recently, several
studies have identified variants of type 1 von
Willebrand disease that is caused by accelerated
clearance rather than reduced synthesis. In these
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individuals, the VWFpp/VWF:Ag ratio is markedly
high4,

Modifiers of VWF plasma levels are related to its
plasma reference values (50-150%), taking into
consideration that low levels are associated with
bleeding. This symptom, in addition to being
unspecific, it is frequent in human populations, so it is
necessary to distinguish healthy individuals from
those with VWD(5),

Even though the plasma level of VWF is a product of
the relationship between its production and
purification, the blood group is a factor that modifies
VWF concentration in plasma. Other elements that

affect  VWF concentration include racial and
hormonal factors, VWF gene polymorphisms,
pregnancy, menstrual cycle, biochemical and

immunological factors(2426). Regarding age, people
older than 40 years of age experience a permanent
increase in plasma VWF@6), While African-American
women consistently have elevated levels of VWF(27),
Hormonal factors have shown discrepancies with
respect to its variations during the menstrual
cycles(24.26),

VWF and FVIII levels increase early in the first
trimester of pregnancy and as the gestational process
progresses they can continue to rise until reaching
two to three times above baseline levels. However,
VWF and FVIII concentrations start to decrease
shortly after birth, returning to baseline levels after a
few weeks(@8). Although this temporary increase is
sufficient to correct partial quantitative deficiencies,
it is not enough to correct qualitative or severe
ones(29),

Relationship between blood group and von
Willebrand Factor plasma levels

VWEF plasma concentrations can vary widely among
individuals. Indeed, several studies have reported the
evident relationship between VWF levels and the type
of ABO blood group. Particularly, they have shown
that whereas 66% of changes of the factor in plasma
are associated with mutations, 30% of them are
related to the ABO blood group3031),

0-blood type individuals have been characterized as
having lower concentrations of VWF, followed by A-,
B- and, finally, AB-type people, who show the highest
concentrations2).  0-blood type adults have
approximately 25-30% lower concentrations of VWF
compared to individuals with A, B or AB blood

[280]

type3). These physiological differences cannot be
detected during the first years of life, probably due to
the slow postnatal development of blood group
systemsG4,

Glycosylation represents 19% of the molecular
weight of VWF, and the ABO determinants identified
in the oligosaccharide chains attached to Asn (N) are
part of this post-translational modification®5). Thus,
this process partially explains the relationship
between VWF and blood groups. The ABO groups are
attached to the N-linked glycans of VWF in the post-
Golgi compartment of endothelial cells, with variable
contributions by endothelial cells from different
vascular beds(34:35),

The decline in VWF concentration in patients with
type-O blood group can be associated to how this
factor is subjected to N- and O-glycosylation events at
the same locations where the carbohydrates of blood
groups participate®6). Different glycosylation profiles
are generated depending on the blood group
determinants carried by each person, affecting the
stability of certain domains since they are the ones
exposed to metalloprotease activity. Consequently,
the glycosylation profile of VWF is a determinant
factor that affects its circulating half-life3+36). If the
VWF is present in an individual of type O-blood group,
aresulting decline in glycosylation exposes this factor
to enzymes such as ADAMTS-13 metalloprotease.
This sustained exposure could be the cause of blood
type O individuals having VWF with a short half-life
and lower plasma concentrations(35-37).

A higher propetide:mature peptide ratio could also
disturb VWF levels since the presence of both in large
numbers would also stimulate an accelerated
clearance in blood type O individuals. That is, the
lower the level of VWF, the higher the VWFpp/VEF:Ag
ratio(233839), which suggests that the clearance
contributes to maintaining a balance in circulating
concentrations of the factor. In addition, this would
indicate that the VWFpp/VEF:Ag ratio is higher in
people with type O- blood group than in those with
type A-blood group, at any given level of VWF. In this
context, circulating levels of VWF can represent a
steady state equilibrium between secretion and
clearance events(40-42),

ADAMTS13 protein and its association with VWF

levels

There is evidence showing that the ADAMTS13
encoding gene interferes with plasma levels of VWF.
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This gene is located in the ninth chromosome (9q34)
and shares this location with ABO blood group
alleles3). ADAMTS13 protein is a disintegrin and
metalloprotease that is responsible for the excision of
ultra-large multimers of VWF identified in 199643-45),
In 2001, this protein was assigned the name of
ADAMTS13 due to its structure and homology with
other members of the family of metalloproteases(46).

Under physiological conditions, VWF is released by
endothelial cells and adheres to the surface of the cell.
Here, ADAMTS13 recognizes its A2 domain and
excises the ultra-large multimers, which have a high
affinity for platelets. The activity of this
metalloprotease is dependent on the presence of
calcium and zinc divalent cations®*”). VWF is then
released to bloodstream in a conformation that
inhibits its interaction with platelets. Some studies
suggest that ABO antigens affect VWF proteolysis by
ADAMTS13. In fact, ADAMTS13-mediated proteolysis
of VWF appears to be faster in blood group O carriers
than that observed in non-0 blood carriers. Similarly,
the ADAMTS13 ratio revealed that this enzyme was
higher in non-O blood group subjects compared to
that in the O group. A possible explanation for this
difference is that the increase in plasma levels of VWF
in non-O blood group individuals triggers a
compensation mechanism that would induce a rise in
ADAMTS13“8-50), The basis of these sequential events
is the role of ADAMST13 in the excision of VWF
multimers that reach bloodstream, this way
preventing a hypercoagulable state(48).

A recent study revealed a relationship of levels of
FvW, ADAMTS13, and the blood type of lung cancer
patients with coagulant activation in this cancer
type(D. Significantly higher levels of VFW and FVIII
activity as well as an important reduction in
ADAMTS13 levels were observed in distant
metastatic patients compared to those without
metastases and healthy controls. Similarly, plasma
VWEF levels and FVIII activity significantly increased
in subjects with non-0 blood compared to those with
type O blood. Nevertheless, there was a significant
decrease in ADAMTS13 levels only in the control
group with non-O type blood in comparison to those
with type O blood. These results indicate that the
increase in VFW and the reduction in ADAMTS13
levels facilitate the invasiveness and metastasis of
lung cancerGl. The authors suggest that continuous
monitoring of the levels of VWF and ADAMTS13 as
well as FVIII activity in lung cancer patients in
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relation to different blood groups could contribute to
control the incidence of thrombotic events and
improve the evaluation of progression of the
disease1).

Several studies have been conducted to assess the
plasma levels of VWF in patients with different ABO
blood types. Jaewoo Song, et al. determined that
individuals with type O blood have lower levels of
plasma VWF than those in people with A and B type
blood, regardless of gender and race2). The overall
difference in the average concentration of VWF
between type O subjects and those with type B blood
was 31.7%. This difference was significantly higher
between individuals of African descent (AA), with
32.3% for women and 32.5% for men, than American
people of European descent (AE), with 29.8% and
29.1% for women and men, respectively. For type A
and type B individuals, the levels of VWF antigen were
123 + 45% and 135 * 46% for AO and BO types
respectively, which were significantly lower than
those of homozygous for A alleles (144 + 52%,) B
alleles (160 * 53%). In addition, VWF levels were
found to be significantly different between A1, A1A2
and A2 genotypes as well as for the eight gender
groups per race (p<0.0001). This information shows
how the ABO system influences VWF, FVIII and the
FVIII/VWEF ratio differently as well as how race and
gender can modify these effects. These data also
suggests that the effect of ABO in FVIII variability can
be greater in subjects with low VWF basal levels(2).

A study by Norma Sousa, et al. describes the
relationship between the type of blood group and
concentration levels of VWF(3), They showed that the
ABO blood type has an important effect on the plasma
concentration of VWF. They also concluded that
individuals carrying an O allele (AO and BO) have
significantly lower plasma levels of VWF and FVIII
than those who do not have it (AA, AB and BB). Here,
a total of 144 blood samples were analyzed to
determine the levels of VWF, FVIII and ristocetin. As
shown in Table 1, the average concentrations of these
factors were lower in A201 subgroup than in AA, AB,
and A2B subgroups and BelO1, and higher than in
subgroup 0101. The levels of the same three factors
in AO1, AXO1 and Belo1 were statistically lower than
those in groups AA, AB, BB and A2B. These data show
that not only is there a variation in VWF levels, but
subgroup participation is also influenced.
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Table 1. Circulating levels of von Willebrand Factor
(VWF: Ag), factor VIII (FVIII) and ristocetin cofactor
(VWEF: RCo) in people with different blood subgroups(53)

VWF: Ag FVIII VWF: RCo
% P value % P value % P value
A201 89 - 96 - 99 -
AA, 120 <0.001 117 <0.001 19 <0.001
AB, BB
A2B 169 <0.001 112 <0.001 132 0.001
0101 69 0.018 75 0.048 65 0.001
A01, 75 0.001 88 0.004 76 0.001
AXO01,
Bel01
A study by Zongkui Wang, et al shows the

participation of additional aspects that modify the
VWEF levels such as age and gender(>%. They worked
with a Chinese population of 290 healthy voluntary
donors, between the ages of 22 and 56 from
Guanghan and Changning Plasmapheresis, belonging
to geographically different regions of the Sichuan
Province. The study showed that the average levels of
FVIII:C and VWF (FvW:Ag, FvW:CBA and FvW:RCo)
were significantly higher in subjects with non-0 blood
group. While ADAMTS13 decreased with age, the rest
of the parameters increased. With the exception of
ADAMTS13, no gender-related variations were
observed in the other parameters. The level of
ADAMTS was evidently higher in women than in
menG4),

As seen in Table 2, even though FVIII:C, Fibrinogen,
VWF:Ag, VWF:CBA and VWF:RCo showed significant
and positive relationships with age, a negative
association was observed for ADAMTS13 antigen. On
the other hand, FVIII:C was strongly correlated with
VWF:Ag, VWF:CBA and VWF: RCo. The authors
suggest that the ABO blood type significantly affected
plasma levels of FVIII:C and FvW (FvW:Ag, FvW:CBA
and FvW:RCo), but did not modify fibrinogen and
ADAMTS13.

ABO blood group, age and gender did not show any
effect on the corresponding proportions, with the
only exception being the VWF antigen:ADAMTS13
ratio.

Atthe clinical level, it has been shown that, depending
on the type of blood group, the increase in VWF levels
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may be a predisposing factor for cardiovascular
diseases and thrombotic events. Studies have shown
that individuals with O blood group are protected
against Acute Coronary Syndrome (ACS) due to their
lower coagulation capacity. In contrast, one of the
causes of ACS in individuals of the Non-O type blood
group could be the increase in coagulation associated
with high VWF levels(>5). Regarding atherosclerosis
risk, ABO glycosyltransferases affect Cell Adhesion
Molecules (CAM) that are expressed in vascular
endothelial cells. CAMs play an important role in
recruiting large numbers of leukocytes during
inflammatory processes, leading to vasculature
damage and the consequent formation of thrombi.
Moreover, elevated blood levels of these proteins are
associated with coronary artery disease, myocardial
infarction and atherosclerosis(56-59),

The functional connection between the ABO system
and VWF is also associated with bleeding. Research
shows that patients with type O blood group display
lower VWF levels and more frequent bleeding
complications. Maike Kahr, et al. compared the
magnitude of postpartum blood loss between
mothers with type O and Non-O blood®). They
observed that women with type O blood group
experienced a significantly greater postpartum blood
loss compared to women with Non-O blood (529.2 mL
* 380.4 mL and 490.5 mL * 276.4 mL, respectively,
p=0,024)®). Based on these results, women with type
O blood group have a higher risk of postpartum
bleeding and suffering aggravated hemorrhages in
the presence of additional pathologies linked to
obstetric bleeding®.

A study by Mehment Akin, et al. related to children
population(69), corroborated the effect of the type of
ABO blood group on VWF levels in a population
without bleeding symptoms. They concluded that
children of blood group O have lower levels of the
factor. It was also suggested that normal values of
VWEF, based on the ABO system, can affect the clinical
diagnosis of VWD. An important indication of this
report is that even though the approach of using ABO
groups to establish a VWF:Ag concentration lower
than 50 UI/dl as an indicator of the VWD is
scientifically appropriate, this value could not be
useful for physicians to identify people with higher
bleeding risks(60),
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Table 2. Relationship between age and circulating levels of factor VIII (FVIII:C), fibrinogen, von Willebrand Factor
(VWF:Ag, VWF:CBA, ristocetin cofactor VWF: RCo) and Adamts 13%%

FVIIIL: C Fibrinogen VWF: Ag VWF: CBA VWF: RCo Adamts 13
r P r P r P r P r P r P
0.421 <0.0001 0.445 <0.0001 0.410 <0.001 0.401 <0.001 0.589 <0.001 0.306 <0.0006
Discussion Different laboratories have focused on the
) ] ) mechanisms that trigger variability in plasma levels
The purpose of this article is to analyze

characteristics and mechanisms by which the type of
blood group could affect the plasma concentration of
VWF as well as to describe diverse studies that
support such influence(3436:48),

The results of the research presented in this study
corroborate that plasma levels of VWF are lower in
patients with blood type O than in those with type
Non-O (A, B, AB), due to the faster metalloprotease-
mediated proteolysis of VWF in the former group.
Other studies have shown that the rate of proteolysis
is different from the metalloprotease concentration.
Surprisingly, higher concentrations of ADAMTS13
metalloprotease have been reported in patients with
Non-0 blood type(*8-59), which could be due to a form
of regulation since these patients have higher levels
of VWEF. These conflicting results show the need to
conduct further studies aimed at supporting the
findings described during the review of this paper.

A decrease in plasma levels of VWF in group-O
patients could be established as a risk factor in
hemorrhagic complications or in situations with a
tendency for bleeding since these levels could affect
the coagulation process. In this context, several
studies have shown the greater tendency to bleed in
type O patients, especially during gyneco-obstetric
events or secondary surgical procedures®).
Therefore, we suggest to carry out further studies in
patients with scheduled surgical procedures to
determine the possible risk of suffering critical
hemorrhagic events and generate protocols based on
the history of these patients.

Another concern is the thrombotic events related to
non-0 patients, who have a higher VWF
concentration(6l) in comparison to that of O-group
individuals. In addition, the activation of certain
inflammatory proteins, previously mentioned,
exacerbate those thrombotic events that can lead to
cardiovascular disease and death.
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of VWF according to the type of blood group and the
clinical risks of thrombotic and hemorrhagic events
that these variations generate. Thus, we suggest to
determine in future studies the ranges of
concentration of von Willebrand Factor according to
blood groups, which could be used by clinicians as a
reference to predict these pathologies.

Given that the type blood group affects plasma levels
of VWF, health care workers should identify these
antigens in their patients and use them as a predicting
factor of clinical complications in both thrombotic
and hemorrhagic events. This characterization is
important given the biological role that this factor
plays in coagulation processes. Consequently, we
suggest that future studies should be aimed at
establishing physiological associations between
plasma levels of VWF and the appearance of
thrombotic and coronary events in patients with
diseases that have a higher risk of generating

thrombotic situations, such as cancer and
autoimmune disorders.
Conclusions

Plasma levels of VWF are regulated by its own
glycosylation status, which, in turn, depends on the
type of blood group. The basis of this regulatory
relationship is the exposure level of the VWF to the
metalloproteases that are responsible for adjusting
VWF plasma concentrations. As shown by some
reports, VWF proteolysis is faster in blood type O
subjects than in Non-O individuals. This proteolysis
triggers a quicker degradation of VWF multimers,
leading to lower plasma concentrations.

The concentration of VWF in plasma varies
significantly in healthy individuals and the ABO blood
group is its main genetic modulator. This variation
has been related to the dynamics with which the ABO
blood group affects the synthesis, secretion and
catabolism of VWF through a functional effect of the
ABO locus.
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Several reports have presented evidence
corroborating that VWF changes under other
conditions. For instance, its VWF levels are elevated
in people over 40 years of age (6-10% higher).
Likewise, women have higher concentrations of VWF
than men, and these levels can rise even higher in
pregnant women (two to three times above basal
values). However, these hormone-mediated changes
tend to normalize a few weeks after child birth.

Research focused on the clinical implications of the
physiological association between VWF levels and
blood group is necessary, especially in at risk
populations such as pregnant women, older adults
and patients with pre-existing chronic diseases with
higher risks to generate thrombotic and hemorrhagic
events.
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