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Introduction

The incidence of breast cancer is second only to 
cervical cancer in women1. Patients with advan-
ced breast cancer have significant coagulation ab-
normalities and increased thromboembolic even-
ts, which is an important factor that impacts both 
quality of life and survival outcomes2. A study 
found3 that with an increase of tumor malignan-
cy, the high coagulation state of the body may be 
a response to the invasion and metastasis of tumor 
cells. In recent years, the role of MP-TF in throm-
bosis has been investigated, and tissue factor (TF) 
is the main promoter of coagulation in vivo, whi-
ch is both activated by the endogenous and the 
exogenous coagulation pathway4. The formation 
of MP is expressed with more TF; MP with TF 
as the carrier forms MP-TF. Patients with shorte-
ned prothrombin time (PT) had a higher level of 
MP-TF, which suggests that MP-TF is involved in 
the occurrence of high coagulation5. However, it 
is not very clear whether it plays the same role in 
breast cancer and related mechanisms. Based on 
prior research, our study analyzed MP-TP to pro-
vide a reference for the basic research and clinical 
treatment of breast cancer.

Patients and Methods

Sample Selection
We successively selected 87 cases from our 

hospital from January 2014 to January 2016 that 
were diagnosed with breast cancer for the first 
time as the observation group. Another 20 cases 
of benign breast lesions were selected as the con-
trol group. Both groups were females. Inclusion 
criteria: (1) histopathological examination confir-
med the diagnosis; (2) diagnosis of primary breast 
cancer, without systematic surgery, radiotherapy 
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and chemotherapy and endocrine therapy, etc.; 
(3) informed consent was signed. Exclusion crite-
ria: (1) metastatic tumors of the breast and other 
parts of the primary malignant tumor; (2) under-
lying diseases, such as severe weight, liver, lung, 
kidney, brain and other organs dysfunction, au-
toimmune diseases, blood system diseases, hemo-
dialysis, taking anticoagulant or antiplatelet dru-
gs; (3) recent bleeding or major surgical history; 
(4) participation in other clinical research at the 
same time; (5) incomplete clinical data.

The average age of the observation group was 
(56.8 ± 13.4) years old. The TNM stages of the 
tumors were 10 cases of stage I, 16 cases of II, 32 
cases of III, 29 cases of IV. The maximum diame-
ter of the tumor was 0.5-3.6 cm, with an average 
(2.2 ± 1.3) cm. Patients had between 1-4 tumors, 
with the average (1.6 ± 0.5). 8 cases of patholo-
gical type in situ carcinoma, 15 cases of ductal 
carcinoma and 64 cases of invasive cancer. The 
average age of the control group was (54.3 ±12.5) 
years old, with 10 cases of breast hyperplasia, 4 
cases of papilloma and 6 cases of fibrous tumor.

Research Method and Detection Index
We compared peripheral blood MP-TF levels 

and coagulation function including Pt, activated 
partial thromboplastin time (APTT), fibrino-
gen (FIB), and D-Dimer (D-D) between the two 
groups; levels of P50, p65, TAK1 and IκBα in the 
signal pathway of NF-κB.

MP-TF Level Detection 
We took 6 ml of fasting peripheral venous blo-

od, of which 2 ml were used for MP-TF detection, 
2 ml for blood coagulation function and 2 ml for 
NF-κB signal pathway molecular detection. By 
gradient centrifugation method (Biyuntian Tech-
nology Co., Ltd., Beijing, China), we separated 
circulating blood particles (MP) in an Eppendorf 
tube 27°C in centrifugal (1500 g, 15 min) and 
obtained rich plasma platelets. We centrifuged the 
supernatant again at 300 g for 15 min to obtain 
platelets poor plasma. At this time retained sub-
stances in plasma were MP and frozen stored at 
-80°C refrigerator for spare. FACS Caliber flow 
cytometry (BD Company, Franklin Lakes, NJ, 
USA) was used to measure MP-TF levels, FI-
TC-CD142 monoclonal antibody (Sigma-Aldrich, 
St. Louis, MO, USA,) was used to mark MP-TF, 
at 27°C to avoid light for incubation for 30 min 
before testing to add the standard microspheres 
(Bio-Rad Company, Hercules, CA, USA). 0.8 μm, 
3 μm each 5 μl and 0.8 μm standard microspheres 

were set as the forward detection zone, and the 
expression levels of MP-TF -CD142-FITC were 
determined. MP-TF standard is diameter 0~0.8 
μm, surface marker CD142 positive.

Detection of Blood Coagulation 
Function Index

PT kit was purchased from Shanghai Sun Biolo-
gical Technology (Co., Ltd., Shanghai, China) ba-
tch thromboplastin 301A029, buffer batch 301B029 
and reference values 12-14s. APTT kit was purcha-
sed from Beijing Shidi Scientific Instruments Inc., 
(Beijing, China) lot number ST20201-51, CaCl2 
lot ST20202-51; reference value 35-45s. FIB Kit 
(Clauss method) was purchased from Beijing Shi-
di Scientific Instruments Inc., (Beijing, China) lot 
STG20401-32; reference value 2-4 g/L. D-D used 
the immune turbidity method; reagent kit was pur-
chased from the Beckman Coulter, Inc., (Brea, CA, 
USA) > 500 μg/L was positive. Detection instru-
ment was JG-R-80B computer blood viscosity te-
ster and LG-PABER-1 platelet aggregation coagu-
lation factor analyzer purchased from Beijing Shidi 
Scientific Instruments Inc. We followed protocol 
strictly according to the manufacturer’s directions 
on both the instrument and reagent box in order 
detect the blood coagulation function index twice 
and used the average.

Molecular Detection of NF-κB Signaling 
Pathway

We centrifuged at serum at 2000 g for 20 min 
(Anke LXJ-IIB centrifuge was purchased from 
Shanghai Anting Scientific Instrument Factory), 
and then used the enzyme-linked immunosorbent 
assay (ELISA) method to determine the NF-κB 
signaling pathway. The kit was purchased from 
R&D Company (Minneapolis, MN, USA) and the 
standard enzyme instrument was purchased from 
Invitrogen Company (Carlsbad, CA, USA). We 
followed protocol strictly according to the manu-
facturer’s directions on both the instrument and 
reagent box in order detect the blood coagulation 
function index twice and used the average.

Statistical Analysis
The SPSS22.0 software (SPSS Inc., Chicago, 

IL, USA) was used for data analysis, measure-
ment data was expressed by mean ±standard 
deviation, and the comparison was conducted 
by t-test. After the normal test correlation analy-
sis, we used the Pearson test. p<0.05 indicates 
that differences are statistically significant, with 
two-sided test level.
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Results

MP-TF level comparison
The plasma MP-TF level in the observation 

group is significantly higher than that in the con-
trol group, and the levels of MP-TF in the observa-
tion group are increased with an increase in depth 
of TNM stage and tumor invasion; differences 
were statistically significant (p<0.05) (Figure 1).

Comparison of Blood Coagulation 
Function

In the observation group, the plasma PT and 
APTT were shortened, and the levels of FIB and 
D-D were increased; differences were statistical-
ly significant (p<0.05) (Table I).

Molecular Level Detection of NF-κB 
Signal Pathway

In the observation group, the levels of P50, p65, 
TAK1, IκBα in circulating blood were higher than 
those in control group; differences were statisti-
cally significant (p<0.05) (Table II).

Correlation Between MP-TF Levels and 
Coagulation Parameters and Signal 
Molecules of NF-κB in the Observation 
Group

After the Pearson test, the plasma levels of MP-
TF in patients with breast cancer were negatively 
correlated to PT and APTT, and positively corre-
lated with the value of FIB and D-D and the levels 
of p50, p65, TAK1 and IκBα (p<0.05) (Table III).

Discussion

Patients with malignant tumors are often in a 
hypercoagulable state; in fact, many patients with 
advanced cancer die of thromboembolic disease6. 
Therefore, finding the mechanism of blood coa-
gulation in patients with tumors is an important 
method to treat the disease and improve the pro-
gnosis. MP-TF is a combination of tissue factor 
expression on the formation of microparticles. 
High levels of MP-TF, multiple myeloma progres-
sion and thrombosis are closely related7; MP-TF 
is also involved in the formation of acute myeloid 
leukemia8. Many scholars9 believe that the abnor-
mal MP-TF levels are involved in high blood coa-
gulation and late thrombosis in malignant tumors.

Research confirms10 that MP-TF is directly re-
lated to the risk of venous thromboembolism in 
patients with pancreatic cancer, and it can be used 
as a reliable method for risk stratification in pa-
tients with pancreatic cancer. Patients with bre-

Table I. Comparison of blood coagulation function.

Group	 PT (s)	 APTT (s)	 FIB (g/L)	 D-D (μg/L)

Observation group	 8.4±1.9	 28.3±2.7	 6.2±0.7	 857.6±74.8
Control group	 13.5±1.6	 40.8±1.9	 2.9±0.4	 354.5±56.7
t	 5.821	 6.283	 5.283	 6.492
p	 0.018	 0.012	 0.022	 0.006

Table II. Molecular level detection of NF-κB signal pathway (μg/L).

Group	 p50	 p65	 TAK1	 IκBα

Observation group	 8.4±1.9	 28.3±2.7	 6.2±0.7	 857.6±74.8
Control group	 13.5±1.6	 40.8±1.9	 2.9±0.4	 354.5±56.7
t	 5.821	 6.283	 5.283	 6.492
p	 0.018	 0.012	 0.022	 0.006

Figure 1. Comparison of plasma MP-TF levels.
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ast cancer are in a state of abnormal activation 
of blood coagulation. This study concluded that 
the plasma MP-TF levels in the observation group 
are significantly higher than that in the control 
group, and the levels of MP-TF in the observation 
group increase with an increase of TNM stage 
and tumor invasion depth; the differences were 
statistically significant. These results suggested 
that MP-TF is closely related to the occurrence 
and development of breast cancer, and also corre-
lated to the severity of the disease11. FIB plays an 
important role in tumor micro-metastasis, which 
provides the necessary material and location to aid 
the micro metastasis of tumor cells, while simul-
taneously avoiding an immune cell attack12. The 
shortening of PT and APTT also directly promo-
tes thrombosis in patients with malignant tumors 
since circulating tumor cells can survive in the 
lost nest, and metastasis occurs in the distance13. 
One or more of the abnormal blood coagulation 
parameters can be detected in 50% of the patients 
with primary malignant tumors14, suggesting that 
the presence of high blood coagulation status in 
patients with breast cancer may be related to the 
progression of the disease.

Many studies15 suggest that there are micro-in-
flammatory statuses in patients with malignant 
tumors, and that the inflammatory reactions are 
related to the abnormal function of the blood 
coagulation system. The excessive release of in-
flammatory mediators may be related to endothe-
lial cell dysfunction, coagulation and dissolved 
system indirect activation, which causes an ac-
celeration of inflammatory factors release from 
neutrophils and mononuclear cells, thus forming 
a vicious cycle of coagulation activation16. Stu-
dies confirm17 that NF-κB signaling pathway af-
fects the body’s inflammatory process, and plays 
an important role in the blood coagulation state 
in patients with osteoarthritis. Recent studies18 

have found that the NF-κB signaling pathway is 
also involved in the progression of liver cancer 
and colon cancer. This study concluded that cir-
culating blood P50, p65, TAK1 and IκBα levels 
in the observation group were higher than those 
in the control group; differences were statistically 
significant. In physiological conditions, NF-κB is 
present in the form of a P50 and p65 dimer, which 
does not show activity in combination with IκBα. 
After stimulation by inflammation, tumor and 
other factors, TAK1 is activated and after IκBα 
degradation, NF-κB signaling pathway activation 
regulates a series of cell factor gene over-expres-
sion19. Activation of NF-κB signaling pathway in 
patients with breast cancer may affect the levels 
of inflammatory mediators, and participate in the 
body’s high coagulation state20.

Conclusions

Pearson correlation analysis demonstrated 
that plasma MP-TF levels in patients with bre-
ast cancer were negatively correlated with PT 
and APTT, and were positively correlated with 
FIB and D-D values and levels of p50, p65, 
TAK1 and IκBα. It showed that the high expres-
sion of MP-TF in patients with breast cancer is 
directly related to the circulating high coagu-
lation state, which is an important factor that 
causes the abnormal activation of coagulation 
function. High levels of MP-TF can mediate the 
high coagulation state of the tumor through the 
activation of NF-κB signaling pathway. The-
refore, the intervention of MP-TF, or affecting 
some key molecular expression in the NF-κB 
signaling pathway, is expected to become the 
new method which effectively treats circulation 
hypercoagulable state of breast cancer, thereby 
blocking tumor cell micro-thrombus invasion 
and metastasis pathway.
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