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Abstract: Objective: To investigate the core proteins (integrin subunits B4, B2 and B3) in the acute venous thrombi
and validate the specificity and sensitivity of increased expression of integrin subunits B4, B2 and B3 in patients
with venous thromboembolism. Methods: A total of 120 patients (73 females) with clinically proven acute VTE and
aged between 24-90 years, and 120 non-VTE patients and healthy controls receiving physical examination matched
in the sex and age were recruited. Flow cytometry was done to measure the expressions of blood integrin B1, B2
and B3. The receiver-operator characteristic (ROC) curve analysis was conducted to evaluate the diagnostic accu-
racy of integrin B4, B2 and B3. Results: The median levels of integrin B4, B2 and B3 were significantly higher in VTE
patients than in non-VTE patients (P=0.000, 0.000 and 0.000, respectively) and healthy controls (P=0.000, 0.000
and 0.000, respectively). The ROC curves showed that integrin B1, B2 and B3 were specific diagnostic predictors of
VTE with an area under the curve (AUC) of 0.870, 0.821, and 0.731, respectively. When three integrins were com-
bined for diagnosis, the AUC of ROC curve was 0.916, and the sensitivity, specificity, positive and negative predictive
values were 84.6%, 90.8%, 81.7% and 92.0%, respectively. Conclusion: The increased integrin 1, B2 and 33, as
the core protein of venous thrombosis, have relatively high specificity and sensitivity for VTE and thus may serve as
useful new biomarkers for the diagnoses of VTE.
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Introduction ness of anticoagulant therapy with low molecu-
lar weight heparin for massive PE.

Venous thromboembolism is a common dis-

ease with high prevalence. VTE includes pulmo-
nary embolism (PE) and deep venous thrombo-
sis (DVT). PE has a high misdiagnosis rate and
high mortality and has been a healthy problem
worldwide [1, 2]. In acute phase of VTE, there
are red thrombi, which are pathologically pres-
ent with red blood cells, platelets, white blood
cells and plasma proteins. In our previous study
[3], results showed acute PE thrombi were
mainly composed of fibrinogens, with a small
amount of serum proteins and cytoskeletal pro-
teins. Fibrinogenic thrombi are soluble, which
explains a wide time window for the thrombo-
lytic therapy of VTE (effectiveness at 2 weeks
or longer after thrombosis), the effectiveness
of catheter thrombectomy and the effective-

Acute venous red thrombi are mainly composed
of fibrinogens, but the relationship between
blood fibrinogens and receptors on cell mem-
brane is still unclear. This has involvement of
molecular mechanisms underlying the acute
venous thrombosis. In our previous studies [4,
5], genomics analysis, proteomics analysis and
bioinformatics analysis of acute venous throm-
bi of PE patients confirmed that integrin B1, B2
and B3 were the core proteins of acute venous
thrombi. In addition, thrombi collected from the
pulmonary artery of acute PE patients were
subjected to immunohistochemistry, and re-
sults showed integrin B1 mainly localized on
lymphocytes, integrin B2 on neutrophils and
integrin B3 on platelets [5]. Moreover, receptors
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Table 1. The characteristics of VTE patients and non-VTE patients at

baseline

December 2012. There were
47 males and 73 females

Non-VTE Patients p
(n=120) 67.84+16.09 years (ran-

Parameters VTE Patients (n=120)

with the mean age of

Demographics

Age mean (SD) 67.84 (16.09)

Female (n, %) 73 (60.83%)
Type of episode, n (%)

DVT 72 (60.00%)

PE 48 (40.00%)

DVT+PE 8 (6.67%)
Comorbidities (%)

COPD 6 (5.00%)

CAD 35 (29.17%)

Diabetes mellitus 18 (15.00%)

Hypertension 47 (39.17%)

Cl 19 (15.83%)
Blood levels (pg/ml)

Integrin B1

Integrin B2

Integrin B3

D-Dimer (ng/ml) 0.72 (0.12, 4.63)

68.16 (12.17) 0.864
68 (56.67%) 0.600

5.00%) 1.000
32.50%
13.33%
33.33%
13.33%

3

4

14.50 (10.60, 18.80)  7.85(5.80,9.28)  0.000
94.90 (91.35, 97.00) 88.95 (83.58, 91.48) 0.000
11.50 (9.77,15.65)  8.90 (7.80, 10.40) 0.000
0.06 (0.05,0.18)  0.000

ge: 24-90 years). Acute DVT
was diagnosed by vascular
ultrasonography or selecti-
ve radionuclide venography
(RNV); acute PE was con-
firmed by pulmonary angiog-
raphy or CT pulmonary angi-
ography; malignancies, auto-
immune diseases, oral medi-
cation of immunosuppres-
0.675 sant and pregnancy were
0.853 excluded. In addition, age
and gender matched pa-
tients (n=120) without VTE
(mean age: 68.16+12.17
years; range: 25-90 years)
were also recruited as con-
trols. Non-VTE controls were
inpatients in the same peri-
od and had no clinical symp-

0.421

)
)
)
) 0.715

Footnotes: Ages are shown as mean (SD), integrins and D-Dimer level as median (1%,
3" quartiles), and categorical data as the number and percentage to the sample group.
Age was compared with student’s t test. Gender was compared with chi-square test.
Integrin and D-Dimer level was compared with Mann-Whitney U test. Abbreviations: DVT,
deep venous thrombosis; PE, pulmonary embolism; COPD, chronic obstructive pulmo-
nary disease; CAD, coronary artery disease; Cl, cerebral infarction.

of integrin 32 and B3 bound to fibrinogens to
form the biofilter-like grid structure of thrombi
in which red blood cells filled, forming red
thrombi. Integrin B1, B2 and B3 are the core
proteins of venous thrombi and their expres-
sions increase in the active status of venous
thrombosis. Thus, integrin B1, B2 and B3 may
be promising markers for the early diagnosis of
acute venous thrombosis. In the present study,
a total of 120 patients with acute VTE, 120
patients without VTE and 120 healthy controls
were recruited. VTE was diagnosed by imaging
examinations. The expressions of integrin 1,
B2 and B3 were detected in the peripheral
blood cells and the sensitivity and specificity of
integrin B4, B2 and B3 in the diagnosis of acute
VTE were evaluated.

Material and methods
Study population

Inpatients or outpatients (n=120) with acute
VTE were recruited from the Affiliated Tongji
Hospital of Tongji University from April 2011 to
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toms and signs of VTE, and
VTE was excluded by venous
ultrasonography or pulmo-
nary angiography. Healthy
controls who received rou-
tine physical examinations
(n=120; mean age: 65.43+
10.30 years; range: 20-91 years) were also
included in the present study. This study was
approved by the Ethics Committee of Affiliated
Tongji Hospital of Tongji University, and
informed consent was obtained before study.

Blood collection and measurements

Medical record was reviewed in all the patients.
Fasting venous blood (2 ml) was collected from
the cubital vein in the morning and anti-coagu-
lated with EDTA. Two hours later, the anti-coag-
ulated blood was processed as follows.

Monoclonal antibodies against integrin Bl
(CD29), B2 (CD18) and B3 (CD61) (BD compa-
ny) were used to detect the integrin 1, B2 and
B3, respectively. In brief, 100 ul of EDTA treated
blood was added to each tube and control tube
was also included. Then, 20 pl of mouse IgG1-
PC5, 1gG1-FITC or IgG1-PE was added (20 pl of
IgG2-PE was mixed with CD29), followed by
addition of corresponding fluorescence anti-
bodies (20 ul). Following vortexing, incubation
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In addition, differences in the
variables between patients and
healthy controls were examined
statistically using student’s t-test
or a two-tailed Mann-Whitney
U-test. The chi-square test and
Fisher's exact probabilities were
used for the comparison between
the observed and expected fre-
quencies. Furthermore, the re-
ceiver operating characteristic
(ROC) curves for predicting sur-
vival were plotted and analyzed
to compare diagnostic perfor-
mance. Youden’s index [6] was
calculated and optimum diagnos-
tic cutoff levels, sensitivity, speci-

[ Healthy control group
Non-VTE group
CEIVTE group

979

871

Integr'in B1 Integlrin B2

Figure 1. Blood integrin 1, B2 and B3 levels in VTE patients, non-VTE
patients and healthy controls. Integrin levels were compared with Mann-
Whitney U test. Significant differences in blood integrin 1, B2 and B3 lev-
els were observed between VTE patients and non-VTE patients (P=0.000,
0.000 and 0.000, respectively), and between VTE patients and healthy

Integrin B3 ficity, positive and negative pre-
dictive values were analyzed
according to the maximum of
Youden’s index. Values of p <
0.05 were considered statistical-

ly significant.

controls (P=0.000, 0.000, and 0.000, respectively). When compared be-

tween non-VTE patients and healthy controls, there were no significant dif-

ferences (P=0.572, 0.544 and 0.547, respectively).

was done in dark for 30 min at room tempera-
ture. Then, 500 ul of hemolysin (BECKMAN-
COULTER) was added, followed by incubation at
37°C for 30 min. Following washing, 500 pl of
sheath fluid was added to each tube, followed
by flow cytometry (EPICS XL-4; BECKMAN-
COULTER). The PMT voltage, fluorescence com-
pensation and sensitivity of standard fluores-
cent microspheres (EPICS XL-4; BECKMAN-
COULTER) were used to adjust the flow cytom-
eter and a total of 10000 cells were counted
for each tube. The corresponding cell popula-
tion in the scatterplot of isotype controls was
used to set the gate, and the proportion of posi-
tive cells was determined in each quadrant (%).
SYSTEM-II was used to process the data
obtained after flow cytometry.

Statistical analysis

Statistical analyses were performed using
SPSS 18.0software. According to a Kolmogorov-
Smirnov analysis, the variables of integrins
showed a skewed distribution. Thus, these vari-
ables are presented as medians (1%, 3™ quar-
tiles). The medians and interquartile ranges are
plotted in the figures as a box and whisker plot.
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Results

Patients’ characteristics

A total of 120 VTE patients and 120 non-VTE
patients matched in age and sex were enrolled
into this study. Among 120 VTE patients, 72
(60%) were diagnosed with DVT and 48 (40%)
with PE. There were 8 (6.67%) patients suffer-
ing from both DVT and PE. Patients’ demo-
graphics, type of episodes, disease history and
integrin and D-Dimer levels are shown in Table
1.

Blood integrin levels

Blood Integrin levels were quantified by flow
cytometry. The median levels of integrin B4, B2
and B3 were all significantly higher in VTE
patients when compared with non-VTE patients
(P=0.000, 0.000 and 0.000, respectively) and
healthy controls (P=0.000, 0.000 and 0.000,
respectively). When compared between non-
VTE patients and healthy controls, there was no
statistical significance in the blood levels of
integrin B4, B2 and B3 (P=0.572, 0.544 and
0.547, respectively) (Figure 1).

ROC curve analysis

ROC curve analysis was utilized to assess diag-
nostic performance of these proteins. When a
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Sensitivity

o
IS

0.64

Increased integrins in VTE patients

Reference liine

— Combination
D-Dimer
Reference line

Sensitivity

4
(N}

0.0+
0.0

04 06 08 10

1-specificity

02

0.0

04 06 08 10

1-specificity

02

Figure 2. Receiver Operating Characteristic (ROC) curves for distinguishing VTE patients from non-VTE patients.
The comparative ROC curves for all the three integrins (left), combination of three integrins (right) and D-Dimer
are provided. The area under the curve (AUC) of integrin 1, integrin 2 and integrinB3 was 0.869 (P=0.000, 95%
Cl: 0.821-0.916), 0.809 (P=0.000, 95% Cl: 0.752-0.867) and 0.742 (P=0.000, 95% CI: 0.676-0.809), respec-
tively, and that of combined three integrins and D-Dimer was 0.917 (P=0.000, 95% CI: 0.878-0.956), and 0.811
(P=0.000, 95% CI: 0.754-0.868), respectively.
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Figure 3. Receiver Operating Characteristic (ROC) curves for distinguishing VTE patients from healthy controls. The
comparative ROC curves for all the three integrins (left) and the combination of integrins (right) are provided. The
area under the curve (AUC) of integrin B4, integrin B2 and integrin B3 was 0.875 (P=0.000, 95% CI: 0.829-0.922),
0.828 (P=0.000, 95% Cl: 0.774-0.882), and 0.721 (P=0.000, 95% CI: 0.655-0.786), respectively, and that of com-

bined three integrins was 0.915 (P=0.000, 95% CI: 0.876-0.954).

comparison was made between VTE patients
and non-VTE patients, the AUC of integrin 1,
integrin B2 and integrin B3 was 0.869
(P=0.000, 95% ClI: 0.821-0.916), 0.809 (P=
0.000, 95% Cl: 0.752-0.867) and 0.742 (P=
0.000, 95% CI: 0.676-0.809), respectively, and
that of combined three integrins and D-Dimer
was 0.917 (P=0.000, 95% Cl: 0.878-0.956),
and 0.811 (P=0.000, 95% Cl: 0.754-0.868),
respectively (Figure 2).

When a comparison was made between VTE
patients and healthy controls, the AUC of integ-
rin B1 integrin B2 and integrin B3 was 0.875
(P=0.000, 95% CI: 0.829-0.922), 0.828 (P=
0.000, 95% CI: 0.774-0.882), and 0.721 (P=
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0.000, 95% CI: 0.655-0.786), and that of com-
bined three integrins was 0.915 (P=0.000,
95% Cl: 0.876-0.954) (Figure 3).

When a comparison was made between VTE
patients and non-VTE patients plus healthy
controls, the AUC of integrin 34, integrin 32 and
integrin B3 was 0.870 (P=0.000, 95% CI:
0.825-0.915), 0.821 (P=0.000, 95% CI: 0.771-
0.871) and 0.731 (P=0.000, 95% CI: 0.671-
0.792), and that of combined three integrins
was 0.916 (P=0.000, 95% CI: 0.878-0.953)
(Figure 4).

Diagnostic performance of three integrins and
combination of them were shown in Tables 2
and 3.

Int J Clin Exp Med 2014;7(9):2578-2584
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Figure 4. Receiver Operating Characteristic (ROC) curves for distinguishing VTE patients from non-VTE patients plus
healthy controls. The comparative ROC curves for all the three integrins (left) and the combination of integrins (right)
are provided. The area under the curve (AUC) of integrin B4, integrin B2 and integrin B3 was 0.870 (P=0.000, 95%
Cl: 0.825-0.915), 0.821 (P=0.000, 95% Cl: 0.771-0.871) and 0.731 (P=0.000, 95% CI: 0.671-0.792), respectively,
and that of combined three integrins was 0.916 (P=0.000, 95% CI: 0.878-0.953).

Table 2. Diagnostic performance of three integrins for VTE cule 1 and fibronec-
Integrin B1 Integrin B2 Integrin B3 tin_[8_, 9]_' Th_e B2 sub-

AUC 0.870 0.821 0.731 unit is distributed on
Optimum cutoff (pg/ml) 10.29 91.10 10.35 cell s_urface of neu-
trophils and mon-

Sensitivity 80.3% 78.6% 68.4% oytes, and ligands
Specificity 83.7% 73.7% 71.2% for this subunit in-
Positive predictive value 71.1% 59.4% 54.3% clude fibrinogen, co-
Negative predictive value 89.3% 87.6% 81.8% mplement compon-
ent iC3b, intracellu-
lar adhesion mole-

Table 3. Diagnostic performance of combined three integrins for VTE cule-1, factor X and
Integrin B1+B2 Integrin B1+B3 Integrin B2+B3 B1+B2+B3  so on [10, 11]. The
AUC 0.892 0.903 0.834 0.916 B3 subunit is ob-
Sensitivity 82.9% 82.5% 76.9% 84.6% served on platelets,
Specificity 85.4% 87.1% 75.8% 90.8%  and this subunit
Positive predictive value 73.5% 76.2% 60.1% 81.7% binds fibrinpgen, ﬁ_b_
Negative predictive 91.1% 90.9% 87.1% 9p.0y ~ onectin, vitronectin
value v-on Willebrand fac-
tor (VWF) and throm-

bospondin [12, 13].
Discussion Integrin B1 is mainly expressed on lympho-

Integrins are cell adhesion receptors, and they
play an important role in the interaction
between cells and extracellular matrix (ECM),
and cell-cell interactions [7]. Integrins are het-
erodimers consisting of noncovalently linked «
and B transmembrane glycoprotein subunits.
They consist of at least 18 o and 8 B subunits,
producing 24 different heterodimers [8]. The «
and B subunits separate from each other once
the integrin is activated, and then the  subunit
binds the ligand. The 1 subunit is ex-
pressed mainly on cell surface of lymphocytes,
and its ligands consist of laminins, collagens,
thrombospondin, vascular cell adhesion mole-

2582

cytes, and increased integrin B1 expression is
related to the inflammation, thrombosis, hom-
ing of lymphocytes and metastasis of cancer
cells. Integrin B2 is mainly distributed on neu-
trophils and monocytes, and increased integrin
B2 expression is associated with inflammation.
Integrin B3 is mainly expressed on platelets,
and elevated integrin B3 expression suggests
the platelet activation which is associated with
platelet aggregation and thrombosis.

Our results showed the expressions of integrin

B4, B2 and B3 in the peripheral blood of VTE
patients were significantly higher than those in

Int J Clin Exp Med 2014;7(9):2578-2584
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non-VTE patients and healthy controls. ROC
analysis was employed to evaluate the effec-
tiveness of these proteins in the diagnosis of
PE. Results showed the AUC of integrin B1, B2
and B3 was 0.870, 0.821 and 0.731, respec-
tively, in the diagnosis of acute VTE. According
to the Youden index, the optimum cutoff of inte-
grin B4, B2 and B3 was 10.29 pg/ml, 91.10 pg/
ml and 10.35 pg/ml, at which the sensitivity,
specificity, positive predictive value and nega-
tive predictive value was 80.3%, 83.7%, 71.1%
and 89.3%, respectively for integrin B1; 78.6%,
73.7%, 59.4% and 87.6%, respectively for inte-
grin B2; 68.4%, 71.2%, 54.3% and 81.8%,
respectively for integrin 3. When all of integrin
B4, B2 and B3 were used for the diagnosis of
acute VTE, the AUC was 0.916.

Our findings also revealed that the D-Dimer
level in VTE patients was markedly higher than
that in non-VTE patients. D-Dimer is the most
common indicator used in the diagnosis of VTE.

It is a degradation product of cross-linked fibrin
that is formed immediately after thrombin-gen-
erated fibrin clots are degraded by plasmin and
reflects a global activation of blood coagulation
and fibrinolysis. Being the best-recognized bio-
marker for the initial assessment of suspected
VTE, a negative value of D-Dimer may safely
rule out both DVT and PE with a high sensitivity
of 83%-96% and a negative predictive value of
nearly 100% [14-18]. However, due to its low
specificity (around 40%), D-Dimer, even com-
bined with clinical criteria, cannot be used to
diagnose the VTE.

This is explorative clinical study aiming to vali-
date our previous findings. Findings from
genomics analysis, proteomics analysis and
immunohistochemistry demonstrate that the
core proteins of venous thrombi are integrin 1,
2 and B3. Clinical study also confirm that inte-
grin B1, B2 and B3 increase significantly in VTE
patient, and they have high specificity and sen-
sitivity in the diagnosis of VTE.
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