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Abstract. Coagulative and fibrinolytic disorders appear to be
associated with the development of lung cancer. The aim of
the present study was to determine plasma levels of von Will-
ebrand factor (VWF) and a disintegrin and metalloproteinase
with a thrombospondin type 1 motif 13 (ADAMTS-13), and
factor VIII (FVIII) activity, in association with O and non-O
blood groups in patients with lung cancer. Plasma levels of
VWF and ADAMTS-13, and FVIII activity were measured
in 115 patients with lung cancer and 98 healthy subjects.
Phenotyping of the ABO blood groups was also performed for
the two groups. Significantly increased VWF levels and FVIII
activity, as well as significantly decreased ADAMTS-13 levels,
were observed in patients with distant metastasis as compared
with those without distant metastasis and the healthy controls.
Plasma VWF levels and FVIII activity were significantly
increased in subjects with non-O type blood compared with
those with type O blood in the two groups. However, a signifi-
cant decrease in ADAMTS-13 levels was observed only in the
control group among those with non-O type blood, compared
with those with type O blood. The results of the present study
indicate that increased VWF and decreased ADAMTS-13
levels facilitate the invasiveness and metastasis of lung cancer.
Non-O blood groups constitute a risk factor for increased
VWF and FVIII in plasma. Continued monitoring of VWF
and ADAMTS-13 levels, and of FVIII activity in patients with
lung cancer with distinct blood groups may help to minimize
the incidence of thrombotic events and improve assessment of
disease progression.
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Introduction

Lung cancer, which is characterized by subclinical activation
of blood coagulation and fibrinolysis from the early clinical
stages of disease, is the most common cause of cancer-asso-
ciated mortality worldwide (1). Significant increases in the
blood concentrations of thrombin-antithrombin III complexes,
fibrinogen and D-dimer have been reported in patients with
lung cancer exhibiting extensive or limited disease. The extent
of such activation of these markers has also been associated
with tumor stage and prognosis (2,3). However, the origin of
the activation of the coagulative-fibrinolytic system in lung
cancer remains incompletely understood.

Von Willebrand factor (VWF) is a multimeric glycoprotein
produced by the vascular endothelium and megakaryocytes
that is crucial for hemostasis, and functions as a carrier
protein for factor VIII (FVIII) and as a bridge between the
subendothelial matrix and platelets (4). The distinctive prop-
erties of the distinct molecular masses of VWF influence
its ability to mediate platelet adhesion and aggregation (5).
Unusually large multimers stored in and released from
Weibel-Palade bodies in stimulated vascular endothelial cells
are the hemostatically active form of VWF (6). A disintegrin
and metalloproteinase with a thrombospondin type 1 motif13
(ADAMTS-13), formerly known as VWF cleavage protease,
is a metalloprotease that specifically cleaves the multimeric
VWF into smaller fragments between Tyr'®” and Met'%%
within the VWF A2 domain (7). The cellular origin of the
ADAMTS-13 antigen in plasma has been described in plate-
lets, and in hepatic, renal and endothelial cells. Deficiency
of ADAMTS-13 activity results in an increase in circulating
large VWF multimers (8).

An association between the ABO blood group and blood
coagulation was recognized several years previously. Non-O
blood type has been associated with a significantly increased
risk of venous and arterial thromboembolic disease, including
deep vein thrombosis, pulmonary embolism, ischemic heart
disease and peripheral vascular disease (9). The plasma levels
of two coagulation glycoproteins, VWF and FVIII, have been
demonstrated as the basis of this association between the ABO
blood group and blood coagulation (10). Individuals with type
O blood have significantly decreased plasma levels of VWF
and FVIII, compared with those with non-O blood types
(A, B and AB) (11). In total, ~66% of the variations in VWF
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plasma levels are associated with mutations, and 30% of these
are associated with the effect of the ABO blood group (10).

Increased levels of VWF and FVIII and impaired activity
of ADAMTS-13 have been demonstrated in patients with
metastasizing and malignant tumors (12). The majority
of studies have not focused on the levels of VWF, FVIII
and ADAMTS-13 in patients with lung cancer; however,
Martini et al (13) reported that VWF antigen levels are not
substantially altered in patients with non-small cell lung
cancer. However, the imbalance in the distribution of O and
non-O blood types between patients and healthy controls in
that study may have influenced the results. Therefore, the
aim of the present study was to identify possible associations
between ABO blood group types and plasma levels of VWF
and ADAMTS-13, and FVIII activity in patients with lung
cancer in order to improve the characterization of potential
links between blood type and coagulative activation in lung
cancer.

Materials and methods

Patients. The present cross-sectional study included
115 patients with histologically confirmed lung carcinoma
who visited the First Affiliated Hospital of Zhejiang Univer-
sity School of Medicine (Hangzhou, China) between March
2013 and May 2014, and 98 age- and gender-matched healthy
controls selected from individuals who underwent routine
health examinations at the Health Center of the First Affili-
ated Hospital. A pathological diagnosis of lung cancer was
derived from biopsy or cytological specimens collected at
bronchoscopy or transthoracic needle aspiration, or from
surgical specimens. Disease in all patients wasclassified
according to the revised World Health Organization clas-
sification of lung tumors and staged according to the revised
tumor-node-metastasis staging system for lung cancer (14,15).
Patient characteristics are presented in Table I.

All subjects enrolled in the present study had normal liver,
renal and cardiac function. The exclusion criteria included
a history of chronic hypertension, diabetes, renal, hepatic,
cardiovascular and autoimmune diseases, anticoagulant
or corticosteroid use, arterial or venous thrombosis, renal
transplantation, human immunodeficiency virus infection and
pregnancy. The present study was performed in accordance
with the principles embodied in the Declaration of Helsinki and
was approved by the Institutional Research Ethics Committee
of the First Affiliated Hospital of Zhejiang University. Written
informed consent was obtained from all participants.

Sample collection. Venous blood samples were collected from
all participants into 3 tubes early in the morning following
overnight fasting at the time of clinical diagnosis and prior to
any treatment. A tube containing 0.109 M trisodium citrate
(9:1, v/v) was used for measuring the plasma levels of D-dimer,
fibrinogen, VWF and ADAMTS-13, as well as FVIII activity.
Plasma was obtained by immediately centrifuging the blood
in a refrigerated centrifuge at 1,500 x g for 15 min. A second
tube coated with EDTA (2.4 mg/2 ml venous blood) was used
for immediate classification of the ABO blood group, and for
determination of the hemoglobin concentration and platelet
count. Blood was also collected in a third tube without any
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anticoagulant and was allowed to clot for the isolation of
serum following centrifugation at 1,500 x g for 10 min at 4°C.
All plasma and serum samples were divided into 1 ml aliquots
and stored at -80°C until evaluation.

Assays. Phenotyping of the ABO blood groups was performed
using a Galileo blood group analyzer (Immucor, Inc.,
Norcross, GA, USA), with anti-A and anti-B blood grouping
reagents and reference cells A;, A,, B and O (Immucor, Inc.).
Serum levels of lactate dehydrogenase (LDH) were deter-
mined using a Hitachi 7600 automated biochemistry analyzer
(Hitachi, Ltd., Tokyo, Japan) with an International Federation
of Clinical Chemistry method (Roche Diagnostics GmbH,
Mannheim, Germany) according to the manufacturer's
protocol (16). Serum levels of carcinoembryonic antigen
(CEA) were measured using a chemiluminescent micropar-
ticle immunoassay with the ARCHITECT i2000SR system
(Abbott Laboratories, Abbott Park, IL, USA). Plasma levels
of fibrinogen (Clauss method) (17), D-dimer (immunotur-
bidimetric method) (18) and FVIII activity (coagulation
method) (19) were measured using the Sysmex CS-5100 coag-
ulation analyzer (Sysmex Corporation, Kobe, Japan), with
the Dade® Thrombin reagent, INNOVANCE® D-Dimer and
Coagulation Factor VIII Deficient Plasma (all from Siemens
AG, Munich, Germany), respectively. Plasma levels of VWF
and ADAMTS-13 were measured using the vVWF ELISA kit
and ADAMTS-13 ELISA kit (R&D Systems, Inc., Minne-
apolis, MN, USA), according to the manufacturer's protocol.

Statistical analysis. All statistical analyses were performed
using SPSS for Windows software (version 16.0 J; SPSS,
Inc., Chicago, IL, USA). Shapiro-Wilk tests were used to
determine whether variables were normally distributed.
Continuous variables are expressed as the mean + standard
deviation, or as the median and the 25-75th percentiles.
Comparisons of results between two groups were made
using the Student's t-test or Mann-Whitney U test, where
appropriate. Non-parametric * tests were used to compare
categorical variables. P<0.05 was considered to indicate a
statistically significant difference.

Results

Patient characteristics. Table I summarizes the clinical char-
acteristics of the 213 subjects enrolled in the present study.
No significant differences in age, gender, systolic blood pres-
sure (SBP), diastolic blood pressure (DBP) or smoking status
between patients with lung cancer and healthy controls were
identified. However, body mass index (BMI) was significantly
decreased in patients with lung cancer (P=0.024). Baseline
histopathological characteristics and lung cancer stages are
also presented in Table I.

ABO distribution. ABO blood group distribution in patients
demonstrated that 29 (25.2%) were type O, 41 (35.7%) were
type A, 30 (26.1%) were type B and 15 (13.0%) were type AB.
In the control group, 34 (34.7%) subjects were type O, 24
(24.5%) were type A, 33 (33.7%) were type B and 7 (7.1%)
were type AB (Table I). Subjects with type A, B and AB blood
were pooled into the non-O group. No significant difference
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Table I. Baseline characteristics of the study population.
Variable Patients with lung cancer (n=115) Healthy controls (n=98) P-value
Age, years 57.1£8.5 55.1£74 0.101
Male/female, n 76/39 58/40 0.299
BMI, kg/m? 222427 23.1+2.6 0.024*
SBP, mmHg 128.0+£9.0 127.2+8.9 0.645
DBP, mmHg 80.2+6.7 78.5+7.5 0.578
Smoker/non-smoker, n 32/83 20/78 0.216
Histology N/A

NSCLC, n (%) 89 (77.4)

Squamous cell carcinoma, n (%) 29 (25.2)

Adenocarcinoma, n (%) 51 (44.3)

Others (unclassified), n (%) 9(7.8)

SCLC, n (%) 26 (22.6)
Stage of NSCLC disease N/A

Local (stages I + 1), n (%) 12 (10.4)

Locally advanced (stage III), n (%) 31 (27.0)

Metastatic (stage IV), n (%) 46 (40.0)
SCLC

Limited, n (%) 17 (14.8)

Extensive, n (%) 9(7.8)
Blood group

O,n (%) 29 (25.2) 34 (34.7) 0.131

Non-O, n (%) 86 (74.8) 64 (65.3) 0.131

A, n (%) 41 (35.7) 24 (24.5) 0.078

B, n (%) 30 (26.1) 33 (33.7) 0.227

AB, n (%) 15 (13.0) 7(7.1) 0.158

1P<0.05. Values are presented as the mean =+ standard deviation. Frequencies (%) were evaluated using a y* test. BMI, body mass index; DBP,
diastolic blood pressure; SBP, systolic blood pressure; N/A, not applicable; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

in the frequency of blood type between the two groups was
identified (Table I).

Hemostatic parameters. Hemostatic data are summarized
in Table II. The platelet count and serum levels of hemo-
globin, LDH, CEA, D-dimer, fibrinogen and VWF, and FVIII
activity were significantly increased in all patients with lung
cancer, compared with in healthy controls (P<0.05), whereas a
significant decrease in ADAMTS-13 levels was observed in all
patients with lung cancer, compared with the healthy controls
(P=0.011). Similarly, regardless of the presence of distant
metastasis, patients with lung cancer also exhibited increased
plasma levels of hemoglobin, LDH, CEA, D-dimer, fibrinogen
and VWF, and FVIII activity when compared with healthy
controls (P<0.05). However, a significant increase in platelet
count and a significant decrease in ADAMTS-13 levels were
only observed in patients with lung cancer exhibiting distant
metastasis, as compared with healthy controls (P<0.05). Levels
of hemostatic parameters were further compared between
patients with and without distant metastasis, which demon-
strated significant increases in plasma levels of LDH, CEA,

D-dimer and VWF, and in FVIII activity, and a significant
decrease in plasma levels of ADAMTS-13 (Table II).

Correlation between hemostatic parameters and ABO blood
groups. All subjects in the two groups were categorized as
either type O or non-O blood groups to compare the clinical
characteristics and levels of hemostatic parameters. As
presented in Table III, no significant differences in age, gender,
BMI, SBP, DBP and smoking status between individuals in
the type O or non-O blood groups among patients with lung
cancer and the healthy controls were identified. Similarly,
no significant difference in the distribution of patients with
distant metastasis between the type O and non-O blood groups
was identified. Regarding hemostatic parameters, patients
with lung cancer from the non-O blood group demonstrated a
significant increase in VWF plasma levels (P=0.022) and FVIII
activity (P=0.014), compared with those in the type O blood
group. A significant increase was identified in plasma levels of
fibrinogen (P=0.004; Table IIT) and VWF (P=0.006; Fig. 1A),
and FVIII activity (P=0.003; Fig. 1B) in the control group
among those with non-O type blood, compared with those with
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Table III. Comparison of hemostatic parameters in patients with lung cancer and healthy controls, according to the type O and

non-O blood groups.

Patients with lung cancer

Healthy controls

Variables O (n=29) Non-O (n=86)  P-value O (n=34) Non-O (n=64)  P-value
Age, years 56.9+10.0 56.3+7.8 0.892 55.7+7.6 54.2+7.0 0931
Gender,male/female 20/9 56/30 0.705 18/16 40/24 0.359
BMI, kg/m? 22.1£2 4 22.3+8.0 0.802 22.4+3.0 23.5+2.4 0.751
SBP,mmHg 126.4+9.8 128.7+8.6 0.291 125.3+10.8 128.2+7.7 0.337
DBP,mmHg 79.1£6.5 80.7+6.8 0.347 76.7£9.1 79.5+6.4 0.265
Smoking status, yes/no 9/20 23/63 0.656 8/26 12/52 0.576
Distant metastasis,yes/no 13/16 42/44 0.709 - - -
Hemoglobin, g/l 128 (115-138) 118 (104-134) 0.140 143 (134-158) 149 (136-161) 0.359
Platelet count, x10%/1 227 (175-294) 241 (179-322) 0.604 212 (186-229) 220 (200-242) 0.083
LDH, U/ 180 (158-238) 189 (157-230) 0.879 125 (116-142) 131 (120-141) 0.745
CEA, ng/ml 4.8 (2.4-30.2) 13.6 (4.2-43.9) 0.088 1.4 (1.0-2.0) 1.7 (1.0-2.5) 0.134
D-dimer, p g/l FEU 759 (492-1,689) 873 (406-2,349) 0.828 78 (55-176) 121 (63-256) 0.298
Fibrinogen, g/l 3.6(2.8-4.7) 4.1(3.1-4.9) 0.440 2.1 (2.0-2.5) 2.6 (2.1-2.8) 0.004*
VWFE,U/l 1,190 (892-1,865) 1,676 (1,099-2,383) 0.022* 865 (583-1,291) 1,117 (772-1,649) 0.006*
ADAMTS-13, U/l 1,586 (1,087-1,890) 1,333 (974-1,576) 0.101 1,572 (1,397-2,239) 1,403 (1,116-1,771) 0.032*
FVIII, % 130 (113-161) 145 (124-194) 0.014* 98 (81-113) 112 (100-124) 0.003*

“P<0.05. Values are presented as the mean + standard deviation or the median with interquartile ranges in parentheses. BMI, body mass index;
DBP, diastolic blood pressure; SBP, systolic blood pressure; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; FEU, fibrinogen
equivalent units; VWF, von Willebrand factor; ADAMTS-13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif13;

FVIII, factor VIII.

type O. However, a significant decrease in ADAMTS-13 levels
was observed only in the control group, not in the lung cancer
group, among those with non-O type blood, as compared with
those with type O blood (P<0.05; Fig. 1C). No significant
differences were observed in platelet counts or serum levels
of hemoglobin, LDH, CEA and D-dimer between the groups.

Discussion

Hemostatic abnormalities are present in ~50% of patients with
cancer and >90% of those with metastatic disease (20). The
results of the present study identified significantly increased
plasma levels of hemoglobin, LDH, CEA, D-dimer, fibrinogen
and VWF, and FVIII activity, in patients with lung cancer,
regardless of the presence or absence of distant metastasis.
These results confirmed an association between the activation
of blood coagulation and fibrinolysis, and lung cancer, even
though the underlying molecular mechanisms for this associa-
tion remain incompletely understood. Additionally, significant
differences in the plasma levels of LDH, CEA, D-dimer,
VWF and ADAMTS-13, and FVIII activity were observed
between patients with and without distant metastasis. These
results are in agreement with those of previous studies, which
demonstrated an increased tendency for the development of
coagulative and fibrinolytic disorders in patients with meta-
static diseases (3,21). Furthermore, these results are similar
to the observations of Oleksowicz et al (22), who identified
increased VWF levels and ADAMTS-13 deficiencies in

patients with metastatic tumors. Nevertheless, the results of
the present study are in contrast with the results obtained
by Martini er al (13), who identified a similar distribution of
VWF between patients with lung cancer and control subjects.
The ABO blood group is a major determinant of plasma VWF
levels resulting in significantly decreased plasma levels in
individuals with type O blood, as compared with those with
non-O blood types (11). By contrast with the matched age
and gender, and similar distribution of blood groups between
cases and controls, as well as the strict inclusion and exclusion
criteria of the subjects in the present study, the imbalance in
the distribution of blood groups between cases and controls in
the study by Martini e al (13) may explain the lack of differ-
ences in plasma VWF concentrations between the two groups.

Although the biological significance of hemostatic abnor-
malities in cancer remains unclear, evidence indicates that
activation of the coagulative-fibrinolytic system by neoplastic
cells may facilitate invasiveness and metastases (1). Indeed,
elevated fibrinogen and D-dimer levels have been associated
with unresponsiveness to treatment and unfavorable prognosis
in patients with lung cancer (23). VWF is secreted from
endothelial cells and readily degraded into small multimeric
forms, which are more rapidly cleared from the circulation
compared with the large multimeric forms. However, only
the large multimeric forms of VWF are hemostatically active
in the mediation of platelet adhesion to cancer cells (6). As
ADAMTS-13 appears to be the most important protease that
degrades VWF, ADAMTS-13 deficiency in patients with
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Figure 1. Comparison of plasma levels of (A) VWEF, (B) FVIII and (C) ADAMTS-13 activity, according to O and non-O blood groups, in patients with lung cancer
and healthy controls. VWF, von Willebrand factor; ADAMTS-13, a disintegrin and metalloproteinase with a thrombospondin type 1 motif 13; FVIII, factor VIII.

lung cancer may account for the appearance of large VWF
multimers and increased VWF levels in circulating blood that
may enhance tumor-induced platelet aggregation, resulting in
thrombus formation and metastatic progression (24). Olek-
sowicz et al (22) demonstrated that platelet immunerelated
glycoprotein Iba (GPIba) receptors may be expressed on the
membrane of cancer cells with a particular affinity for large
VWF multimers. The binding of GPIba receptors to large
VWF multimers leads to the formation of platelet-cancer cell
aggregates that allow the migration of cancer cells through
vessel walls and the formation of novel sites of metas-
tasis (25). However, the underlying molecular mechanism
for ADAMTS-13 deficiency in cancer dissemination remains
unclear. Therefore, stringent studies are required in order to
establish a causal association between ADAMTS-13 defi-
ciency and malignancy and/or metastasis.

Blood group antigens are chemical components on the
erythrocyte membrane, but are also expressed on the surfaces
of cancer cells. Alterations in blood group antigens may lead
to alterations in the interactions between cells or cells and the
extracellular matrix. These alterations are hypothesized to be
important for the development of certain malignancies (26,27).
However, data concerning the role of ABO blood groups in
lung cancer are limited and inconsistent (28-30). In the present
study, no significant difference was observed between patients

with lung cancer and healthy controls in terms of the distri-
bution of ABO blood types, which is similar to the study by
Oguz et al (28), but different from that of Urun et al (29), who
identified an association between non-O blood types and an
increased risk of lung cancer. This discrepancy may be due
to differences in ethnicity, genetic variants, environmental
factors and lifestyle factors among populations; therefore,
inconsistent results may be obtained from varying genetic
backgrounds and ethnicities (30). Linkage disequilibrium
between ABO blood group genes and cancer-associated genes
may influence cancer risk (29). Additionally, blood type may
affect lifestyle, which was demonstrated to be associated with
the incidence and mortality of lung cancer (31).

The ABO blood group has been associated with the
development of venous thrombosis, coronary heart disease
and ischemic stroke, since they are important determinants of
VWF and FVIII plasma levels (11). It has been suggested that
the carbohydrate moiety (ABH-bearing structures of VWF),
similar to the blood group antigens A, B and H (O), protects
VWF from proteolytic degradation by ADAMTS-13 and
may affect VWF function and, indirectly, FVIII levels (32).
Bowen (33) demonstrated that proteolysis of VWF by
ADAMTS-13 appears to be more rapid in patients with type
O blood, compared with that in individuals with non-O blood
types. The carbohydrate moiety also serves an important
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role in VWF polymerization and function, and affects the
liver-mediated clearance of VWF (34). In addition, the ABO
blood group locus on chromosome 9q34 is the most impor-
tant genetic determinant of plasma levels of the VWF-FVIII
complex (6). As VWF serves an important role as a carrier
protein for FVIII, preventing its clearance from plasma,
the majority of the effects of blood type on FVIII plasma
levels are mediated by VWF (10). Additionally, several other
factors, including fibrinogen, triacylglycerols, and genetic or
acquired factors involved in the biosynthesis or clearance of
VWF and FVIII, are also associated with increased plasma
levels of FVIII (35). In the present study, FVIII activity and
plasma levels of VWF were significantly increased in healthy
controls with non-O blood types, compared with those
with type O blood, which is in agreement with previously
published data (10,11). Similar results for FVIII activity and
VWEF levels were also observed in patients with lung cancer.
As patients with distant metastasis have increased levels of
VWF and FVIII, one would expect to observe an increased
frequency of distant metastasis in patients with lung cancer
with non-O type blood. However, no significant differences
were observed in the frequencies of distant metastasis
between the type O and non-O blood groups. Notably,
decreased ADAMTS-13 levels were observed among those
with non-O blood groups only in healthy controls, similar
to a previous study that observed ADAMTS-13 levels were
increased by ~10% in individuals with type O blood, as
compared with those with non-O type blood (36). Further-
more, the results of the present study indicated that plasma
fibrinogen levels were significantly increased in healthy
controls with non-O type blood, compared with in those with
type O blood. However, no association of type O and non-O
blood groups with fibrinogen and ADAMTS-13 levels was
observed in patients with lung cancer. The small sample size
of the present study may have led to insufficient statistical
power. Another possible explanation for this result is that the
state of hypercoagulability or acute inflammatory responses
in patients with lung cancer may have surpassed the physi-
ological influence determined by the ABO blood groups and
subsequently masked the effect of blood type in this condition.
These data confirm the presence of complicated alterations
in the coagulative-fibrinolytic system in lung cancer, with a
number of factors acting in concert.

The present study has a number of limitations that
require addressing. First, the number of participants was
small. However, to the best of our knowledge, the present
study is the first to identify an association between ABO
blood group and plasma levels of VWF and ADAMTS-13,
and FVIII activity in patients with lung cancer. Secondly,
ADAMTS-13 appears to be the most important protease
that degrades VWF, whereas several proteases from granu-
locytes and platelets, which have also been demonstrated to
degrade large VWF multimers in vitro, were not detected.
Thirdly, measurement of the VWF antigen was insufficient
to acquire specific information regarding circulating VWF
molecular species, including the VWF propeptide and VWF
multimers. Therefore, further studies are required to assess
VWEF propeptides, multimers and activity levels to reveal the
imbalance between VWF secretion and ADAMTS-13 levels
in patients with lung cancer.
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The results of the present study demonstrated increased
VWEF levels and FVIII activity in patients with lung cancer
with or without distant metastasis, whereas decreased
ADAMTS-13 levels were observed in patients with dissemi-
nated tumors. Non-O blood groups constitute a risk factor for
elevated plasma levels of FVIII and VWF activity in patients
with lung cancer. It is reasonable to carefully monitor patients
with lung cancer with non-O blood types to minimize the risk
of thrombotic events. Furthermore, future studies are required
to investigate potential associations between plasma VWF and
ADAMTS-13 levels, and FVIII activity and outcomes of the
patients with lung cancer with different ABO blood types.
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