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Abstract: Objective: Cancer is one of the most common risk factor of venous thromboembolism (VTE). Our previous
studies have shown that integrin subunits B1, B2 and B3 were the core proteins of venous thrombi and potential
useful biomarker of VTE. This study aimed to explore the expression status of core proteins (integrin subunits B1,
32 and B3) in cancer patients. Methods: This is a case-control study. A total of 144 inpatients (54 females) with
clinically proven cancers were recruited into this study, meanwhile 200 inpatients without cancer matched in sex
and age were recruited as control group. Flow cytometry was done to measure the expressions of blood integrin 31,
32, B3 and cellular immunity related variables (CD3, CD4, CD8, CD4/CD8, CD16CD56 and CD19). The association
degree between increased core proteins and cancers was analyzed by calculating the relative risk (RR). Results: The
expression of integrin B1 and B3 were markedly increased in patients with cancer (P=0.001 and 0.008). Integrin
32 was also mildly increased in patients with cancer (P=0.274). The relative risk ratio (RR) of increased integrin B1,
2 and B3 in cancer patients was 1.655 (95% Cl: 1.321-2.074, P=0.000), 1.314 (95% Cl: 1.052-1.642, P=0.021)
and 1.852, (95% Cl: 1.097-3.126, P=0.028), respectively. Combined analysis with integrin 1, B2 and 3 showed
that the relative risk ratio (RR) of increased in cancer patients was 4.895 (95% Cl: 1.645-14.563, P=0.002). CD3,
CD4, CD4/CD8 and CD19 were significantly decreased (P=0.004, P=0.000, P=0.000, P=0.000, respectively) in
patients with cancer, while CD8 and CD16CD56 were markedly increased in cancer patients (P=0.005, P=0.035).
Conclusions: As the core proteins of venous thrombi, integrin f1 and B3 were markedly increased expression in
patients with cancer, which maybe explain the increased risk of VTE in cancer patients. A weakened or disordered
immune system might be the basis of VTE in condition.
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malignancy [5, 6]. VTE has been an important
contributor to morbidity and mortality among
patients with cancer [7]. Why have malignancy
patients had a high incidence of VTE? The

Introduction

Venous thromboembolism (VTE) includes deep
vein thrombosis (DVT) and pulmonary thrombo-

embolism (PTE), which is a serious and poten-
tially fatal disorder [1]. Cancer is one of the
most common risk factor of VTE. The incidence
of VTE in patients with cancer is about 4%-20%,
and it has been a leading cause of death in can-
cer patients [2-4]. There is evidence showing
that about 20% Clinical first-episode patients
with idiopathic VTE have been diagnosed malig-
nant tumor in 6 months to 2 years. The preva-
lence of VTE in patients with malignancy is 4-7
times higher than that of patients without

molecular mechanisms were not clear.

Acute venous thrombosis is red thrombus,
which is composed of red blood cells, platelets,
white blood cells and plasma proteins. In 2011,
we reported that the main component of red
thrombus in acute PE patients was fibrinogen,
rather than fibrin, with only a small quantity of
cellular cytoskeletal and plasma proteins [8]. In
our further studies, genomics analysis, pro-
teomics analysis and bioinformatics analysis of
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Table 1. The baseline characteristics of 144 patients with can-

cer and controls

cer? In this study we will explore
the expression of Integrin 31, B2,

B3 subunits in patients with can-

Patients with cancer Controls (%) P . . . .
cer, and investigate their clinical
(%) N=144 N=200 value .
importance.
Mean age (SD) 67.36 (12.67) 68.17 (12.09) 0.549
Cancer typing
Lung cancer 43 (29.86) Study population
Intestinal cancer 25 (17.73) ) .
Hepatic cancer 17 (12.06) A.total of 144-cases of |npat|ent§
Gastric cancer 13 (9.22) gg;lcincir ‘?'I'azggci’;e‘?' frofrpllAfr(le
Prostate cancer 11 (7.8) . ° P” |_r.1 a.”a?
B 10 (7,09 Tongji Hospital of Tongji University
reast cancer (7.09) were recruited into this study,
Esophaggal cancer 6(4.26) including 90 males and 54
Pancreatic cancer 6 (4.26) females, aged 25-91 years, with a
Cervical cancer 3(2.13) mean age of 67.36 years old.
Kidney cancer 2(1.42) Cancers including: lung cancer,
Ovarian cancer 2(1.42) intestinal cancer, hepatic cancer,
Bladder cancer 2 (1.42) gastric cancer, prostate cancer,
Nasopharyngeal cancer 2(1.42) breast cancer, esophageal can-
Laryngeal cancer 2 (1.42) cer, pancreatlc cancer, cerwpal
. cancer, kidney cancer, ovarian
Comorbidities
cancer, bladder cancer, nasopha-
CAD 15 (10.42) 30 (15) 0.199
) ryngeal cancer and laryngeal can-
Hypertension 34 (23.61) 51 (25.5) 0.705 cer. All cancers were confirmed by
cl 18 (12.5) 37(185) 0140 imaging or pathology. Meanwhile,
DM 29 (20.14) 36(18) 0.676 200 cases of age and gender

Ages are shown with mean (SD); categorical data are shown with the number
and Percentage of the sample group. Ages were compared by Student’s t test.
The frequency of categorical data was compared with the chi-square test. Ab-
breviations: CAD, coronary artery disease; Cl, cerebrovascular infarction; DM,

diabetes mellitus.

acute venous thrombi of PE patients confirmed
that integrin B4, B2 and 33 were the core pro-
teins of acute venous thrombi [9, 10]. Integrin
B1 mainly localized on lymphocytes, integrin 2
mainly localized on neutrophils and integrin 3
mainly localized on platelets. Moreover, acti-
vated integrin B3 was involved in the accumula-
tion of platelet, receptors of integrin 32 and 33
bound to fibrinogens to form the biofilter-like
grid structure of thrombi in which red blood
cells filled, forming red thrombi. We also found
that the filamentous mesh-like structure was
widespread in the veins of cancers, and a large
amount of red blood cells and cancer cells were
found in this biofilter-like grid structure [11].

Integrin B4, B2, B3 subunits are core proteins
and potential biomarkers of VTE [12]. Is there
any relevance between core proteins of acute
venous thrombi-integrin 1, B2 and B3 and can-
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matched inpatients without can-
cer were recruited as control
group, including 114 males and
86 females, aged 21-93 years
(mean 68.17 years). Cancer was
excluded in the control group by
clinical symptoms, signs and imaging. Patients
with acute infection, autoimmune disease or
patients taking immunosuppressive drugs were
excluded. Patients with clinical symptomatic
venous thrombus were also excluded. 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

Detailed clinical data were collected from each
cancer patient and control patient on admis-
sion. Blood routine test, hsCRP and d-dimer
were detected. HsCRP was detected by immune
scatter turbidimetry, using Siemens BNII spe-
cific protein and auxiliary reagent. D-dimer was
detected by Latex enhanced immune turbidi-
metric turbidity method, using SYSMEX CA1500
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Table 2. Expression of cellular immunity, HsCRP and d-

dimer in patients with cancer and controls

500 pL of hemolysin (BECKMAN-
COULTER) was added, followed by incu-
bation at 37°C for 30 min. Following

Patients with cancer controls . .
(pg/ml) (pg/ml) P washing, 500 pyL of sheath fluid was
N=144 N=200 value added to each tube, followed by flow
CD3 60.71 (14.64) 64.91(12.29)  0.004 cytometry - (EPICS  XL-4;  BECKMAN-
’ ) ’ ’ ’ COULTER). The PMT voltage, fluores-
Cb4 32.31(11.30) 37.35(11.26)  0.000  cence compensation and sensitivity of
CD8 25.00 (9.77) 22.16 (7.94) 0.005 standard  fluorescent  microspheres
CD4CD8 1.30(0.87-2.08)  1.80(1.40-2.50) 0.000 (EPICS XL-4; BECKMAN-COULTER) were
CD16CD56 11.95(9.92-16.18) 9.75 (5.43-15.75) 0.035 used to adjust the flow cytometer and a
CD19 6.64 (3.88-12.10) 10.20 (6.35-15.28) 0.000  total of 10000 cells were counted for
D-Dimer 0.19(0.050.39)  0.08(0.050.24) 0000  ©ach tube. The corresponding cell popu-
HSCRP 1140 (4.70-44.05) 3.00(0.8314.90) 0.00  'ation in the scatterplot of isotype con-

CD3, CD4, CD8 were shown with mean (SD) and compared by Stu-

dent’s t test. CD4/CD8, CD16CD56, CD19, D-Dimer and HsCRP were
expressed as median (p25"-p75™) and compared by Mann-Whitney U

test.

Table 3. Expression of integrin 1, B2 and B3 in
patients with cancer and controls

trols was used to set the gate, and the

Patients with Controls

cancer (pg/ml) (pg/ml)
value

N=144 N=200
Integrin B1 12.34 (5.40) 9.63 (4.53) 0.000
Integrin p2 89.82 (6.63) 88.99 (7.12) 0.274
Integrin B3 10.33 (3.55) 9.39 (2.99) 0.008

integrin B4, B2, B3 were shown with mean (SD) and com-
pared by Student’s t test.

automatic blood coagulation analyzer. Fasting
venous blood (2 ml) was collected from the
cubital vein in the morning and anti-coagulated
with EDTA. Two hours later, the anti-coagulated
blood was processed as follows.

Monoclonal antibodies against integrin (1
(CD29), B2 (CD18) and B3 (CD61) (BD compa-
ny) were used to detect the integrin 1, 2 and
B3, respectively. Three tag monoclonal antibod-
ies (BECKMAN-COULTER) were used for detec-
tion of CD3, CD4 and PC5, FITC and PE label
were used for CD8, CD3, CD4 and CD8, respec-
tively. CD16CD56 and CD19 also used PE label.
In brief, 100 pyL of EDTA treated blood was
added to each tube and control tube was also
included. Then, 20 pL of mouse IgG1-PC5,
IgG1-FITC or IgG1-PE was added (20 uL of IgG2-
PE was mixed with CD29), followed by addition
of corresponding fluorescence antibodies (20
uL). Following vortexing, incubation was done in
dark for 30 min at room temperature. Then,
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proportion of positive cells was deter-
mined in each quadrant (%). SYSTEM-II
was used to process the data obtained
after flow cytometry.

Statistical analysis

SPSS18.0 statistical software was used for sta-
tistical analysis. Normality test was performed
for all measurement data using the Kolmogorov-
Smirnov test, with P>0.05 as normal distribu-
tion. Data of normal distribution were expressed
as means + SD and were compared with stu-
dent’s t-test between groups. Corrected t-test
was applied when heterogeneity of variance.
Non-normal data were expressed as median
P,, and interquartile range (P,.-P..), and group
comparison was analyzed using nonparametric
test (Mann-Whitney U test). Categorical data
were compared using chi-square test. The
association degree between two categorical
variables was analyzed by calculating the rela-
tive risk (Relative Risk, RR). P<0.05 was consid-
ered statistically significant for all tests.

Results

Patients’ characteristics

A total of 144 patients with cancer and 200
patients without cancer matched in age and
sex were enrolled into this study. Among 144
patients with cancer, 43 (29.86%) were diag-
nosed with lung cancer, 25 (17.73%) were diag-
nosed with intestinal cancer, 17 (12.06) were
diagnosed with hepatic cancer, 13 (9.22%)
were diagnosed with gastric cancer, 11 (7.8%)
were diagnosed with prostate cancer, 10
(7.09%) were diagnosed with breast cancer, 6
(4.26%) were diagnosed with esophageal can-
cer, 6 (4.26%) were diagnosed with pancreatic
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Figure 1. integrin B4, integrin B2, integrin B3 levels in patients with cancer and

controls.

cancer, 3 (2.13%) were diagnosed with cervical
cancer, 2 (1.42%) were diagnosed with kidney
cancer, 2 (1.42%) were diagnosed with ovarian
cancer, 2 (1.42%) were diagnosed with bladder
cancer, 2 (1.42%) were diagnosed with naso-
pharyngeal cancer and 2 (1.42%) were diag-
nosed with laryngeal cancer. Patients’ demo-
graphics, type of cancer and comorbidities are
shown in Table 1.

Plasma d-dimer and hsCRP levels

The median levels of d-dimer and hsCRP were
all significantly higher in patients with cancer
when compared with patients without cancer
(P=0.000 and 0.000) (Table 2).

Blood cellular immunity related variables

When comparing cellular immunity related vari-
ables (CD3, CD4, CD8, CD4/CD8, CD16CD56
and CD19), significant differences of all cellular
immunity related variables were found between
two groups. CD3, CD4, CD4/CD8 and CD19
were markedly decreased in patients with can-
cer (P=0.004, P=0.000, P=0.000 and P=0.000
respectively), while CD8 and CD16CD56 were
increased (P=0.000 and P=0.035) (Table 2).

Blood integrin levels

When compared with the control group, the
expression of integrin B1 and 33 were markedly
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group increased in patients with
O control cancer (P=0.000 and
|@cancer  P=0.008), while integrin 32
was only mild increased in
patients with cancer
(P=0.274) (Table 3 and
Figure 1). The relative risk
ratio (RR) of increased integ-
rin 1, B2 and B3 in patients
with cancer were 1.655
(95% Cl: 1.321-2.074,
P=0.000), 1.314 (95% CI:
1.052-1.642, P=0.021) and
1.852 (95% CI: 1.097-3.126,
P=0.028), respectively
(Table 4). Combined integrin
B1, B2 and B3 analysis

integrin B3 showed (integrin B1, B2 and

B3 increased at the same
time means rise, otherwise
normal) the relative risk ratio
(RR) of increased in patients
with cancer was 4.895 (95% Cl: 1.645-14.563,
P=0.002) (Table 4).

Discussion

Integrins are a kind of widespread cell surface
receptors, which mediate interactions between
cells and cells, cells and extracellular matrix
(ECM). As signal receptor, integrins play an
important role in the cell growth, migration, pro-
liferation and differentiation of many aspects,
and are one of the key members of the family of
cell adhesion molecules [13]. Integrins are het-
erodimers consisting of noncovalently linked o
and B transmembrane glycoprotein subunits.
They consist of at least 18 o and 8 3 subunits,
producing 24 different heterodimers [14]. The
B4 subunit is expressed mainly on cell surface
of lymphocytes, and its ligands consist of lami-
nins, collagens, thrombospondin, vascular cell
adhesion molecule 1 and fibronectin [15]. The
B2 subunit is distributed on cell surface of neu-
trophils and monocytes, and ligands for this
subunit include fibrinogen, complement compo-
nent iC3b, intracellular adhesion molecule-1,
factor X and so on [16]. The B3 subunit is
observed on platelets, and this subunit binds
fibrinogen, fibronectin,  vitronectin  von
Willebrand factor (VWF) and thrombospondin
[471.

Cancer is a risk factor of VTE, and VTE is an
important cause of death in cancer [18-20].
This study explored the expression of integrin

Int J Clin Exp Med 2015;8(2):2772-2777
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Table 4. Relative risk of increased expression of integrin 1, 2 and B3 in patients with cancer

Patients with cancer Controls
RR 95% Cl P value
above/normal above/normal
integrin B1 87/57 73/127 1.655 1.321-2.074 0.000
integrin B2 78/65 83/117 1.314 1.052-1.642 0.021
integrin B3 28/116 21/179 1.852 1.097-3.126 0.028
Combination of integrin B4, B2 and B3 14/129 4/196 4.895 1.645-14.563 0.002

B4, B2, B3 subunit in patients with cancer, the
results showed that integrin 1, B2, B3 subunit
were all increased in patients with cancer,
among them integrin 1 and B3 were increased
significantly. The relative risk ratio (RR) of
increased integrin B1, B2 and B3 in patients
with cancer were 1.655, 1.314 and 1.852
respectively. Combined integrin 31, B2 and 3
analysis showed that the relative risk ratio (RR)
of increased in patients with cancer was 4.895.
As core proteins of venous thrombosis, the
increased expression of integrin B1, B2 and 33
in patients with cancer maybe explain the rela-
tive high risk of VTE in cancer patients.

The plasma levels of hsCRP and d-dimer were
all significantly higher in patients with cancer in
this study. As nonspecific inflammation mark-
ers, hsCRP was associated with venous throm-
bosis [21]. Elevated levels of serum hsCRP are
a risk factor of VTE in cancer patients, which
shows the role of nonspecific inflammation in
the prone of VTE in patients with cancer [22].
Our study have shown that the incidence of VTE
in patients with malignant tumor is the result of
nonspecific inflammatory repair of small veins
after destroyed by tumor cells invasion, as
demonstrated by morphological examination
and immunohistochemistry [11]. This is differ-
ent from infective inflammation. D-dimer is a
degradation product of cross-linked fibrin that
is formed immediately after thrombin-generat-
ed 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, d-dimer has a high sensitivity of 83%-96%,
but a poor specificity (around 40%) [23-25], as
core proteins of venous thrombosis, integrin
B1, B2 and B3 had been proved a new useful
biomarker of VTE both with a high sensitivity
and an approving specificity in our previous
study [12]. For those having increased integrin
B1, B2 and B3 in patients with cancer, early
treatment and prevention should be given, in
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order to reduce the incidence of VTE in high-
risk groups.

In this study, cellular immune function was
reduced or disordered in patients with cancer.
Our previous studies had shown that VTE
patients had association with compromised
cellularimmunity [26, 27]. A weakened immune
system could be the basic condition of VTE
occurrence. These findings suggest malignant
tumor patients with compromised cellular
immunity possess the intrinsic basic conditions
for VTE and thus have an increased risk of
VTE.
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