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    Abstract
Aim: Cancer increases the risk of venous thromboembolism (VTE) and circulating tumor cells (CTCs) are associated with an increased risk of VTE and, thus, with increased D-dimers as a product of fibrinolysis. Tissue plasminogen activator (tPA) is one of the key enzymes in the fibrinolytic pathway. Its activity is crucial in maintaining the balance between blood coagulation and fibrinolysis. This study aimed to analyze the association between CTCs and tPA in patients with primary breast cancer before surgery. Patients and Methods: This prospective study included 110 patients in whom CTCs were detected by quantitative reverse transcription polymerase chain reaction targeted at epithelial (CK19) or epithelial–mesenchymal transition (EMT)-associated genes[TWIST1, SNAI1, SNAI2, zinc finger E-box-binding homeobox 1 (ZEB1), forkhead box protein C2 (FOXC2)]. Plasma tPA protein was detected using enzyme-linked immunosorbent assay (ELISA). Results: CTCs were detected in 31 (28.2%) patients. There was no association between plasma tPA and CTCs. Although on average, higher levels of tPA were detected in patients with CTCs expressing EMT-associated genes, this difference did not reach statistical significance. There was no association of plasma tPA with any of the observed patient or tumor characteristics. Conclusion: Even though the blood coagulation pathway may be activated in more aggressive disease related to an elevated CTC count, in this study, we did not find any association between CTCs and plasma concentrations of tPA.

	Breast cancer
	circulating tumor cells
	tissue plasminogen activator

Venous thromboembolic events (VTEs) are a frequent complication in patients with cancer (1). Evidence suggests that their absolute risk of VTE depends on the tumor type, stage or its extent, as well as on its treatment with antineoplastic agents (2). Tumor cells can activate hemostasis/fibrinolytic systems by several mechanisms, including production of pro-coagulant and pro-aggregating factors or facilitating conversion of plasminogen to plasmin (3). Circulating tumor cells (CTCs) play a central role in the metastatic cascade. The prognostic value of CTCs in early breast cancer has been reported (4, 5). CTCs represent a heterogeneous cell population with different phenotypes and, thus, with a multitude of pathophysiological consequences (6).
CTCs, either directly or indirectly, are associated with a prothrombotic state. Previously, we demonstrated that the presence of any number of CTCs in peripheral blood of patients with metastatic breast cancer is associated with an increased risk of VTE (7). More recently, we found a positive correlation of plasma D-dimers, urokinase plasminogen activator proteins (uPA) and CTCs in patients with early, as well as those with metastatic breast cancer (8, 9). Tissue plasminogen activator (tPA) is one of the key enzymes in the fibrinolytic pathway. Its activity is crucial for the maintenance of balance between blood coagulation and fibrinolysis.
During fibrinolysis, tPA and uPA convert plasminogen to plasmin, which cleaves the fibrin network and releases fibrin degradation products such as D-dimers. In patients with cancer, the uPA system is associated with degradation of the extracellular matrix and invasion of tumor cells into the surrounding tissues, facilitating distant spread. Patients with early breast cancer and any detection of CTCs had higher levels of plasma uPA, but we found no correlation between D-dimers, tissue factor or plasminogen activator inhibitor-1 (PAI-1) and uPA in our previous work (8). Hence, we turned our attention to tPA, another glycoprotein that is involved in fibrinolysis and is associated with an aggressive phenotype (10).
The aim of this study was to analyze potential associations between tPA as a marker of fibrinolysis and CTCs. As an extension to our previous work, we hypothesized that there is a positive correlation between CTCs and tPA in patients with early breast cancer treated with primary surgery.
Patients and Methods
This is an extension to our previous translational study (Protocol TRU-SK 002) approved by the Institutional Review Board (IRB) of the National Cancer Institute of Slovakia as reported previously (11, 12). Briefly, the study included 110 patients with stage I-III primary breast cancer with planned definitive surgery. From each patient, peripheral blood samples for CTC detection and plasma analysis were collected. Data regarding age, tumor stage, histology, regional lymph node involvement, hormone receptor status and human epidermal growth factor receptor 2 (HER2) status were recorded for each patient. Age-matched healthy women donors (N=60) without breast cancer were recruited and consented according to the IRB-approved protocol.
Plasma isolation. Venous peripheral blood samples were collected in EDTA-treated tubes and centrifuged at 1,000 × g for 10 min at room temperature within 2 h of venipuncture. To avoid cellular contamination, plasma was carefully harvested and centrifuged again at 1000 × g for 10 min at room temperature. The cell-free plasma samples were cryopreserved at −80°C until further analyses.
Detection of CTCs in peripheral blood. CTCs were detected in peripheral blood depleted of CD45+ leukocytes by a quantitative real-time polymerase chain reaction (RT-PCR) based assay, as described previously (11, 12). Briefly, blood samples were depleted of CD45+ leukocytes using RossetteSep™ kit (StemCell Technologies, Vancouver, BC, Canada). Isolated RNA from CD45-depleted samples was reversed transcribed to cDNA and subsequently subjected to qRT-PCR for expression of epithelial (CK19) or epithelial–mesenchymal transition (EMT) genes (TWIST1, SNAI1, SNAI2, zinc finger E-box-binding homeobox 1 (ZEB1)].
Patient samples with a higher number of keratin-19 (KRT19) gene transcripts than those of healthy donors were scored as epithelial CTC-positive (CTC_EP), while patient samples with a higher number of EMT-inducing transcription factors (TWIST1, SNAI1, SNAI2 and ZEB1) gene transcripts than those of healthy donors were scored as CTC_EMT-positive. Expression of at least one of the markers (either epithelial or mesenchymal) at levels above the defined cutoff was sufficient to define a sample as CTC-positive. Patient samples with CK19 gene transcripts higher than those of healthy donors were scored as epithelial CTC (CTC_EP)-positive, while patient samples with higher EMT gene transcripts than those of healthy donors were scored as CTC_EMT-positive.
Measurement of tPA in plasma. Plasma tPA was analyzed using a commercial enzyme-linked immunosorbent assay (ELISA). Human tPA ELISA kit (Assaypro LLC, St. Charles, MO, USA) was used according to the instructions of the manufacturer. The sensitivity of the kit is 0.03 ng/ml. The intra- and inter-assay coefficients of variation are below 5% and 10%, respectively. Concentrations (ng per ml) were calculated according to a near-linear calibration curve.
Statistical analysis. The characteristics of the cohort were summarized using the median (range) for continuous variables and frequency (percentage) for categorical variables. Normality of distribution was tested using the Kolmogorov-Smirnoff test. For normally distributed data, differences between the groups were tested using the Student t-test or analysis of variance (ANOVA) with corrections according to Bonferroni or Tamhane depending on the homogeneity of variance. The nonparametric Mann–Whitney U-test was used for non-normally distributed data. Pearson or Spearman correlations test was used according to the normality of data. Categorical data were tested using the Fisher's exact test or chi-square test. All p-values presented are two-sided and were considered significant if less than 0.05. Statistical analyses were performed using NCSS 2007 Data Analysis software (NCCS LLC, Kaysville, UT, USA).

Results
The study population consisted of 110 patients with primary breast cancer with a median age of 60 years (range=35-83 years). Detailed characteristics of the patients are shown in Table I. The majority of patients had tumors smaller than 2 cm, negative axillary lymph nodes (60%), positive for hormone receptors and negative for HER2 (85% and 83%, respectively).
CTC detection. Overall, CTCs were detected in 31 (28.2%) patients. CTC_EP were present in the peripheral blood of 16 (14.6%) patients; CTC_EMT were present in 19 (17.3%) patients, while in four (3.6%) patients, CTCs exhibited both epithelial and mesenchymal markers (Table I).
CTCs and plasma tPA. The presence of CTCs was not associated with plasma tPA. Although a slightly higher average plasma tPA was found in patients with CTC_EMT (8.28 vs. 6.5 ng/ml), this difference did not reach statistical significance. Similarly, no association with tPA was found for tumor stage, grade, histology, hormone, or HER2 status, nor with Ki67 index as a cell-proliferation marker (Table II).
Plasma tPA and other markers of coagulation. In our previous work, we showed that presence of CTCs in peripheral blood of patients with early breast cancer is associated with higher plasma D-dimer levels, but not with tissue uPA, tissue factor or PAI-1. As tPA is involved in fibrin degradation, we tested

tPA for correlation with another four markers of blood coagulation from our previous work on the same patient population (Table III) (8). A significant correlation was found between tPA and tissue factor, D-dimers and PAI-1, while no correlation with uPA was observed.
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Table I. Characteristics of the patients included in this study.




Discussion
Presence of CTCs is associated with an increased risk of VTE. In a retrospective study of patients with metastatic breast cancer, those with any detectable CTCs were five times more likely to develop VTE compared to patients without any CTCs (7). A further study in the same population confirmed this risk and showed, in addition, that the presence of CTCs is associated with plasma D-dimers, but not fibrinogen (9). The association between CTCs and D-dimers was subsequently confirmed in patients with primary breast cancer

(8). Such patients with CTCs had a significantly higher mean plasma D-dimer concentration than those without CTCs (632.4 vs. 365.4 ng/ml, p<0.001), while there was no association between plasma tissue factor and CTCs.
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Table II. Association between tissue plasminogen activator (tPA) and patient/tumor characteristics.



Tissue and uPAs catalyze the conversion of plasminogen to plasmin and, ultimately, the fibrin breakdown that leads to the production of D-dimers. The activity of tPA (and uPA) is inhibited by PAI-1 and -2. Plasmin is responsible not only for fibrin cleavage but also for the degradation of the extracellular matrix, thereby facilitating tumor invasiveness.
Several groups have demonstrated that amplification of urokinase receptor occurs in primary tumor cells and also in CTCs of patients with breast cancer and its overexpression is

a negative prognostic factor (8, 10). Importantly from a clinical perspective, uPA/PAI-1 are not only validated negative prognostic markers, but can also partially predict the benefit from adjuvant chemotherapy in patients with early breast cancer (13, 14).
View this table:	View inline
	View popup
	Download powerpoint



Table III. Pearson correlation between tissue plasminogen activator (tPA) and other markers of coagulation from previous work (8).



In this study, no correlation between CTCs and plasma tPA was found. However, a positive correlation with D-dimers, a product of tPA effects in fibrinolysis, was demonstrated. Based on our data, we propose that other signaling pathways might be associated with an increase in CTCs and coagulation activation. Annexin II, a calcium-dependent phospholipid-binding protein, together with protein S100A10, is able to accelerate tPA-dependent plasmin formation (13). Silencing annexin II expression inhibits tPA and subsequent cell migration (15). Overexpression of annexin II was correlated with poor response to neoadjuvant chemotherapy in breast cancer and is detected mostly in aggressive breast cancer subtypes (16, 17). In mouse models, treatment with an antibody to annexin led to a significant inhibition of breast tumor growth and to an inhibition of conversion of tPA in the tumor microenvironment (18).
Another protein involved in fibrinolysis activation is protein S100A10, which is directly responsible for plasminogen binding and activation during fibrinolysis. Binding of annexin II to S100A10 increases the affinity of S100A10 to plasminogen and tPA, enhancing tPA-dependent conversion of plasminogen (19). Moreover, overexpression of S100A10 increased the number of metastatic foci in murine fibrosacoma (20). Whether direct inhibition of one of these proteins will lead to any meaningful responses in patients with cancer will need to be answered in clinical trials.
In contrast to uPA and its role as a marker of poor prognosis in patients with breast cancer, the prognostic role of tPA is more ambiguous. Several investigators reported conflicting data, but generally higher levels of free tPA are associated with better survival, whereas PAI-1 is associated with inferior outcome for patients with breast cancer (21, 22).
Currently, the only therapeutic strategy influencing the coagulation-metastatic pathway is anticoagulatory treatment. Several trials have been conducted in patients with cancer with heparins and vitamin K antagonists. The use of prophylactic enoxaparin in patients with pancreatic cancer undergoing palliative chemotherapy significantly reduced rates of VTE. However, overall survival of both groups (with or without prophylactic enoxaparin) was similar (23). A meta-analysis performed by the Cochrane Collaboration Group did not find benefit of oral anticoagulants and suggested caution in using thromboprophylaxis with low-molecular heparins in ambulatory patients receiving chemotherapy (24, 25). Currently, no anticoagulatory prophylaxis is recommended for oncology outpatients without elevated risk of venous thromboembolic disease (26).
In conclusion, in this prospective study we found no significant association between plasma tPA and CTCs. Higher concentrations of tPA positively correlated with other markers of coagulation, such as tissue factor, D-dimers and PAI. No correlation was seen with uPA. These data suggest that the interplay of other pathways is involved in the association of CTCs and coagulation activation.
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