Int J Clin Exp Pathol 2016;9(3):3495-3503
www.jjcep.com /ISSN:1936-2625/1JCEP0014708

Original Article

Plasma tissue factor levels

and microparticle-associated tissue

factor activity in patients with gastric cancer

Chun-Fa Yang?, Wu Cui?, Jia-Lin Yao?, Wen-Ying Sun3, Xing-Ku Li*, Hong-Jie Wu?, Zhao-Yang Hu?, Xiao-Ming
Zou*

1Department of Gastrointestinal Surgery, The Second Affiliated Hospital of Harbin Medical University, Harbin,
People’s Republic of China; ?Department of General Surgery, The First Hospital of Harbin, Harbin, Heilongjiang
Province, People’s Republic of China; SDepartment of Clinical Laboratory, The Second Affiliated Hospital of Harbin
Medical University, People’s Republic of China; “Research Center of The Second Affiliated Hospital of Harbin
Medical University, Harbin, Heilongjiang Province, People’s Republic of China

Received August 18, 2015; Accepted September 24, 2015; Epub March 1, 2016; Published March 15, 2016

Abstract: Tissue factor (TF), which has an important role in blood coagulation, was reported to be abnormal ex-
pressed, associated with microvascular density and poor prognosis in patients with different types of cancers. This
study showed that TF expression was elevated in gastric cancer tissues compared with adjacent normal tissues and
health gastric mucosa tissues by the method of real-time reverse transcriptase-polymerase chain reaction analysis.
Furthermore, plasma TF levels in patients with gastric cancer (median, 65.5 pg/mL) was higher than health subjects
(median, 13.0 pg/mL) using enzyme-linked immunosorbent assay. Plasma TF levels was increasing with advancing
stage of gastric cancer and significantly associated with tumor differentiation (P<0.01). MP-associated TF activity in
gastric cancer patients (median, 0.955 pg/mL) was also increasing compared with health subjects (median, 0.11
pg/mL) (P<0.01). It is also associated with tumor stages and tumor differentiation. Therefore, plasma TF level and
MP-TF activity may add useful information regarding tumor stage or differentiation in gastric cancer screening.
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Introduction connection between coagulation and cancer
has become generally known [6]. TF is a 47-kDa
transmembrane glycoprotein that is a major
physiologic initiator of blood coagulation. Ab-
normal expression of TF was reported in differ-
ent types of cancers, including gastric cancer
and hematologic malignancies [7, 8]. TF binds
and activates factor Vlla, the TF-Vlla complex,
then activates factor X, leading eventually to
the generation of thrombin required for physio-
logic hemostasis. In addition clotting-depen-
dent pathway, TF may also contribute to angijo-
genesis by up-regulating vascular endothelial
growth factor (VEGF) and down-regulating the

Gastric cancer (GC) is one of the most preva-
lent types of cancer and is the second leading
cause of global cancer deaths [1, 2]. Curative
resection is the most effective treatment for
GC, and the 5-year survival rate is more than
90% when GC is detected early. The most fre-
quently used tumor marker in GC is carcinoem-
bryonic antigen (CEA) and CA199, but only a
proportion of patients have high level of this
marker [3]. It is also reported that serum solu-
ble E-cadhein, MYC cell-free plasma DNA or
gastric juice LncRNA-AA174084 may be used

for early GC diagnosis [3-5].

After Trousseau’s description of thrombophle-
bitis as a complication of pancreatic cancer in
the 19th century, the notion that increased
expression of tissue factor (TF) underlies the

angiogenesis inhibitor thrombospondin a mech-
anism independent of coagulation activation
[9]. Khoran et al correlated TF expression with
vascular endothelial growth factor (VEGF)
expression, microvessel density, and venous
thromboembolism (VTE) in pancreatic cancer
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[10]. The process of inducing angiogenesis by
TF is essential for tumor growth and meta-
stasis.

Active circulating TF was detected on small,
negatively charged membrane vesicles, as
named microparticles (MPs) [11, 12] and ele-
vated levels of active circulating TF within the
membrane of MPs have been found in a num-
ber of malignancies [13]. Furthermore, the
MP-associated TF (MP-TF) activity has been
brought into focus in recent years, as high activ-
ity in plasma have been found in cancer
patients with venous thromboembolism as
compared with those without thrombosis [14-
16]. But, other reports have not found a corre-
lation between circulating MP-TF activity and
coagulation activation in a prospective research
involving with various types of cancer [17].
Therefore, the utility of MP-TF activity as a pre-
dictive marker of thrombotic complications in
cancer remains controversial.

In this study, we detected TF expression in gas-
tric cancer tissues by the methods of Real-time
quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR) and western blot.
Furthermore plasma TF levels and MP-TF activ-
ity were measured in gastric cancer patients.
The correlations between plasma TF levels or
MP-TF activity and clinical features were also
shown in our research.

Patients and methods
Patients’ selection and sample collection

The study protocol was approved by the local
ethics committee and the study was conducted
in accordance with the Declaration of Helsinki.
A total of 106 patients with GC underwent gas-
tric resection at the second affiliated Hospital
of Harbin Medical University, between No-
vember 2013 and June 2014. The 106 GC tis-
sues and the paired, adjacent, non tumors tis-
sues located 6 cm away from the edge of tumor
were obtained from surgical excision. The 34
healthy gastric mucosa (HGM) samples were
also collected as control. All tissues were treat-
ed with liquid nitrogen and stored in -80°C until
use. Tissues also were preserved in RNA fixer
(Tiangen, Beijing, China) for RNA extraction at
-80°C. In addition, venous blood samples were
collected from the 106 patients with gastric
cancer and 39 health subjects. The protocol is
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listed as follows. Especially, in all patients blood
samples were collected before receiving any
chemotherapy to prevent these agents affect-
ing experimental results.

The diagnosis of each case was confirmed his-
topathologically. Tumors were staged according
to the American Joint Committee on Cancer
(AJCC) using tumor-node-metastasis (TNM)
classification. Histological grade was assessed
following the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines for
Oncology (v.1.2011).

Quantitative reverse transcriptase polymerase
chain reaction

Total RNA was extracted from tissues with
using a monophasic solution of phenol and
guanidine isothiocyanate (Trizol reagent, In-
vitrogen). The quality of total RNA was detected
with 1% agarose gel electrophoresis. Total RNA
(1 pg) was reverse transcribe with an oligo dT
primer and reverse transcriptase (ReverTra
Ace, TOYOBO) in a final reaction 10 uL. Real-
time quantitative reverse transcriptase poly-
merase chain reaction (QRT-PCR) was achieved
using THUNDERBIRD gPCR Mix (TOYOBO) with
20 pmol of each gene-specific primer in a total
volume of 50 pL on lightCycler 480 systems
(Roche). Reaction was performed using the fol-
lowing conditions 95°C for 30 s, 55°C for 30 s,
and 72°C for 60 s, for 45 cycles. The primer
sets used were as follows: TF forward, 5-ATG-
GAGACCCCTGCCTGGC-3; TF reverse, 5-TGAA-
ACATTCAGTGGGGAGTTCTCCT-3; GAPDH forwa-
rd, 5-ACACCCACTCCTCCACCTTT; GAPDH reve-
rse, 5-TGACAAAGTGGTCGTTGAGG-3. The ex-
pression levels of TF were calculated using the
ACt method using GAPDH as the control to nor-
malize the data. Higher ACt values indicate
lower expression of TF.

Western blotting

Total protein was extracted from tissues.
Protein 50 pg was subjected to SDS-PAGE on
10% acrylamide gels using a discontinuous buf-
fer system and transferred to a nitrocellulose
filter membrane. The filter was blocked with
phosphate-buffered saline (PBS) containing
skim milk, and then incubated with 1:400 dilut-
ed rabbit anti-human TF antibody (Sekisui, USA)
for the detecting TF. Horseradish peroxidase-
conjugated anti-rabbit immunoglobulin IgG
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Figure 1. TF expression levels elevated in gastric cancer tissues. A. The TF expression levels in gastric cancer tissues
detected by QRT-PCR including gastric cancer tissues (n=106), adjacent normal tissues (n=106) and health control
(n=34). TF expression levels were calculated using the ACt method. Data are expressed as the mean from three
independent experiments. Asterisks indicate P<0.01. B. Western blot of TF expression in gastric cancer tissues,
adjacent normal tissues and health control. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) bands indicate
equal loading. All experiment repeated three independent experiments.

antibody (Jackson ImmunoResearch, USA) we-
re then applied. Protein was visualized with ECL
substrate (Millipore, Germany) according to the
manufacturer’s instructions.

Detection of plasma TF level with enzyme-
linked immunosorbent assay

Plasma TF levels were measured using a com-
mercially enzyme-linked immunosorbent assay
kit (American Diagnostica Inc, USA) according
to the manufacturer’s instruction, as previously
reported [18]. SpectraMax Microplate Reader
(BIO-RAD, iMark) was used to read absorbance
on the plate.

MPs isolation and MP-TF activity measurement

Venous blood samples for measurements of
MP-TF activity were collected into citrate vacu-
um tubes 0.105 mol/L on the day of study
entry. Cells were cleared by centrifugation at
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1550 g about 20 min and 2 min at 13,000 g
for obtaining platelet-free plasma (PFP) [19].
Then the plasma was immediately snap frozen
in liquid nitrogen and stored at -80°C for the
isolation of MPs. To obtain MPs, PFP was
thawed on ice for 60 min and then centrifuged
at 20,000 g for 45 min at room temperature.
After each centrifugation and removed super-
natant, MPs were washed two times with fil-
tered Hanks’ balanced salt solution (HBSA) to
reduce contamination with plasma proteins.
Finally 25 yL MPs pellet was resuspended with
75 ul of Tyrode’s buffer [20-22].

The measurement of MP-TF activity was per-
formed according to a standardized protocol as
previously published [23-25]. After preparation
of MPs, the pellet was incubated with either an
antibody for human TF or a control antibody for
15 minutes, and then 50 uL aliquots were
added to duplicate wells of a 96-well plate. In
the next step, 50 yL HBSA containing 10 nM

Int J Clin Exp Pathol 2016;9(3):3495-3503
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Figure 2. The plasma TF level in patients with gastric cancer and healthy subjects. A. The plasma TF expression
levels in patients with gastric cancer were detected by ELISA including gastric cancer patients (n=106) and health
control (n=32) P<0.01. B. Increasing plasma TF expression levels through all stages with gastric cancer progress
P<0.01.

RAD, iMark). The TF-dependent FXa
p. generation which represents the

Table 1. Plasma TF levels and patient
Median TF Range

Characteristics Number (pg/mL) (pg/mL)  value MP-TF activity, was calculated by sub-
tracting the amount of FXa generated
Age, ) in the presence of TF from the amount
>60 45 60.10 10.0-220.0 .
<60 61 60.7 502678 077 of FXa collectgd in the presence of
the control antibody [19].
Gender
Men 48 71.95 18.90-220.0 Statistical methods
Women 58 58.0 2.0-267.8 0.11
Differentiation Data were collected and analyzed by
Moderate 40 505 5.0-225.6 SPSS 20.0 statisti.cal software pro-
Poor 66 882 202678 o007  &r@m(SPSSinc, Chicago, IL). One-way
analysis of variance, Mann-Whitney-
Tumor stage Wilcoxon test, Students’ t test, chi-
12 44 44.6 2.0-71.04 square and Jonckheere’s test for
34 62 101.3 2.9-267.8 0.001 ordered medians (JTOM) were used
Lauren type according the actual conditions. Re-
Intestinal 63 60.1 2.0-267.8 sults were considered to be statisti-
Diffuse and mixed 43 70.9 2.0-225.6 0.72 cally significant at P<0.05.
Grade
Low 48 55.8 2.0-220.6 Results
High 58 76.6 2.0-267.8  0.35 TF expression is elevated in gastric
Histology cancer tissues
Serious 50 71.1 10.0-267.8
Others 56 61.2 202256 041 High expression of TF was reported in

different types of cancers, gastric
cancer and hematologic malignancies

factor Vlla (FVlla), 300 nM factor X (FX), and 10
mM CaCl, were added to each sample and the
mixture was incubated for 2 hours at 37°C,
after which FXa generation was determined.
Last, absorbance at 405 nm was measured
using a SpectraMax Microplate Reader (BIO-
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by immunohistochemical staining [7, 8]. In our
study, we used QRT-PCR to detect TF levels in
106 gastric cancer tissues compared with adja-
cent normal tissues and 34 healthy gastric
mucosa tissues. Higher ACt values indicate
lower expression of TF. The results showed that

Int J Clin Exp Pathol 2016;9(3):3495-3503
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Figure 3. The microparticle-associated tissue factor activity for patients with gastric cancer and healthy controls. A.
The microparticle-associated tissue factor activity in patients with gastric cancer tissues were detected including
gastric cancer tissues (n=106) and health control (n=35) P<0.01. B. Microparticle-associated tissue factor activity
was analyzed through all stages with gastric cancer progress.

Table 2. MP-TF activity and patient

Characteristics Number l\/(lsgl/agl_T)F (Eg/nrﬁi) vaFI:e
Age,(y)

>60 45 0.97 0.01-8.21

<60 61 0.96 0.01-8.76 0.66
Gender

Men 48 0.94 0.02-8.21
Women 58 1.00 0.01-8.76 0.44
Differentiation

Moderate 40 0.69 0.01-7.89

Poor 66 1.40 0.02-8.76 0.01
Tumor stage

1-2 44 0.59 0.02-3.01

34 62 3.05 0.01-8.76 0.001
Lauren type

Intestinal 63 0.91 0.01-8.76
Diffuse and mixed 43 111 0.21-8.56 0.16
Grade

Low 48 0.95 0.19-7.62

High 58 0.97 0.01-8.76  0.69
Histology

Serious 50 1.25 0.01-8.56
Others 56 0.89 0.01-8.76  0.10

TF expression was elevated in gastric cancer
tissues compared with adjacent normal tissues
and health gastric mucosa tissues (healthy
control) (P<0.01) (Figure 1A). The 89 of 106
gastric cancer tissues was up-regulated com-
pared with paired, adjacent, normal tissues.
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The average expression level in gastric
cancer tissues was more ten times than
the average level in adjacent normal tis-
sues or healthy control. TF expression
levels between adjacent normal tissues
and health control tissues have no sig-
nificant difference.

In order to validate the results of QRT-
PCR detection, western blot was applied
to detect TF expression of tissues in pro-
tein levels. Random selection of three
up-regulated gastric cancer tissues,
paired adjacent normal tissues and
health gastric mucosa tissues were
detected by western blot. As shown in
Figure 1B, the expression levels of TF
increased in gastric cancer tissues com-
pared with adjacent normal tissues and
health gastric mucosa tissues. TF ex-
pression can hardly detect in adjacent
normal tissues and health gastric muco-
sa tissues by western blot. These results
demonstrated that the TF expression is
elevated in gastric cancer tissues.

Plasma TF levels in healthy subjects
and gastric cancer patients

We evaluated plasma TF levels in the 106
patients with gastric cancer and 32 health sub-
jects by ELISA. TF levels were significantly high-
er in patients with gastric cancer (median, 65.5
pg/mL; range: 2.0-267.8 pg/mL) when com-
pared with those with health individuals (medi-

Int J Clin Exp Pathol 2016;9(3):3495-3503



Plasma TF and MP-TF activity in gastric cancer

an, 13.0 pg/mL; range: 1.0-30.1 pg/mL) (P<
0.01) (Figure 2A). In addition, there was a trend
for increased plasma TF levels along with the
gastric cancer stages. The increasing trend for
TF expression against overall stage 1-4 gastric
cancers was significant by taking into account
the health subjects to examine plasma TF lev-
els (P<0.001 by JTOM) (Figure 2B).

Furthermore, the association between plasma
TF levels and clinicopathological parameters is
presented in Table 1. No significant differences
were detected between TF levels and some of
the clinicopathological features including age,
gender, histology, Lauren type and grade. But
the TF levels of overall TNM staging haven sig-
nificant difference as grouped 1-2 vs. 3-4 stag-
es (P<0.01). Moreover, Tumor differentiation
also showed significant difference (P<0.01).

MP-TF activity in healthy subjects and gastric
cancer patients

The median MP-TF activity in 106 pancreatic
cancer patients was 0.95 pg/mL (range: 0.01-
8.76 pg/mL). In 35 healthy subjects, the medi-
an MP-TF activity was 0.11 pg/mL (range: 0.02-
0.37 pg/mL) and significantly lower than in
patients, as shown in Figure 3A (P<0.01).

MP-TF activity levels according to stage from
gastric cancer stages are given in Figure 3B.
MP-TF activity was not significantly elevated
along with overall the gastric cancer stages.
However, the MP-TF activity of classified by
TNM staging haven significant difference as
grouped 1-2 vs. 3-4 stages (P<0.01). Moreover,
the relation between TF expression and clinico-
pathological features is tested as shown in
Table 2. No significant differences were detect-
ed between MP-TF activity and some of the
clinicopathological features (age, gender, his-
tology, Lauren type, grade) with the exception
of tumor differentiation (P<0.01).

Discussion

Up-regulation of TF gene expression appears to
be characteristic of malignant cells and normal
host cells responding to inflammatory or remod-
eling signals (e. g., tumor-associated endotheli-
al cells, monocytes, macrophages, neutrophils
and fibroblasts). Via both clotting-dependent
and -independent pathways, aberrant expres-
sion of TF and thrombin are capable of inducing
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angiogenesis, the process of generating new
blood vessels from preexisting vessels, which
is essential for tumor growth and metastasis
[25]. In the clotting-dependent pathway of TF
induced angiogenesis, TF activates factor VII,
and initiates the clotting cascade that gener-
ates thrombin, which in turn induces endothe-
lial proliferation and stimulates the release of
cytokines such as interleukin 8 (IL-8) and VEGF
[26, 27]. In addition, the clotting cascade is
responsible for the activation of platelets that
releases stored VEGF and facilitates the extrav-
asation of tumor emboli [28]. This study showed
that higher levels of TF expression in tissues
could be detected using real-time PCR and
western blot in gastric cancer patients com-
pared with health subjects or adjacent normal
tissues in gastric cancer patients which is in
accordance with immunohistochemical analy-
sis of TF expression reported by others [7, 29].
These results suggest that abnormal expres-
sion TF may play a key role in thrombin involving
in gastric tumor growth or metastasis and real-
time PCR may be a alternative tool for the
detection of TF expression in gastric cancer
tissues.

TF expression and its relationship with treat-
ment outcome in gastric adenocarcinoma had
been reported previously in Japan and Eur-
opean population [7, 29]. It also reflects that
the different immunohistochemistry approach
in scoring can influence outcome from record-
ing both the strongest intensity of staining (Is)
and the intensity for the majority of cells stained
(Im). Thus, detection of plasma TF levels is a
alternative tool for detection TF expression. The
key findings from our study were plasma TF lev-
els significantly elevated in patients with gas-
tric cancer when compared with health con-
trols. It is also showed that a trend for increased
plasma TF levels along with the gastric cancer
stages. The increasing trend was very signifi-
cant throughout all stages of gastric cancer.
These results were in accordance with other
immunohistochemical analysis results [29].
The significant association was detected
between plasma TF levels and tumor differen-
tiation and stages. But the association between
plasma TF levels expression and survival out-
come were not shown in this article. Previous
reports showed that TF expression was no rela-
tion to survival outcome, and not a good predic-
tor of survival outcome [29]. But it is also

Int J Clin Exp Pathol 2016;9(3):3495-3503
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reported tissue factor is a clinical Indicator of
Poor Prognosis [7]. Thus, whether plasma TF
levels are a potentially valuable prognostic fac-
tor in patients with gastric cancer can also
need further validation. However, in patients
with gastric cancer, a significant inverse rela-
tionship between preoperative elevated plas-
ma CEA levels and patient survival has also
been reported despite disagreement among
various reports regarding the relationship
between preoperative CEA and prognosis [30].

MP-associated TF activity is a quantitative esti-
mate of the concentration of TF in the MP prep-
aration, which can act as cofactor of FVlla in FX
activation. As MP-associated TF activity is a
functional form of TF compared with plasma TF,
MP-associated TF activity has more meaningful
application. The important finding of our study
is that MP-TF activity is highly elevated in
patients with gastric cancer. Moreover, a
increasing trend for high MP-TF activity as TNM
stages classified two groups (1-2 and 3-4 stag-
es). The association of MP-TF activity with the
risk of VTE in many cancer types is controver-
sial [19, 31, 32]. But a strong association
between high MP-TF activity and increased risk
of mortality was found. MP-TF activity might
represent a biomarker for an aggressive, poorly
differentiated and invasive pancreatic cancer
phenotype [33, 34]. Thus, the relationship of
MP-TF activity in gastric cancers with VTE and
mortality also need further investigation.

In conclusion, our study found TF expression in
gastric cancer tissues is elevated by the meth-
ods of QRT-PCR and western blot. In addition,
we confirmed that the plasma TF levels were
increasing with advancing stage of gastric can-
cer. Furthermore, plasma TF levels and MP-TF
activity are correlation with tumor stages and
differentiation. Plasma TF levels and MP-ass-
ociated TF activity may add new useful informa-
tion regarding tumor stage or differentiation in
gastric cancer screening.
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