
Abstract. Background/Aim: Annexin A2 (ANXA2) is a
phospholipid-binding protein involved in fibrinolysis, cell
proliferation, migration and metastatic dissemination.
Circulating tumor cells (CTCs) are cells responsible for
tumor dissemination and have a prognostic value in several
types of cancers including breast cancer. Previously, we found
correlation between CTCs and activation of coagulation. This
study aimed to correlate CTCs with ANXA2 expression on
CTCs, tumor cells and tumor associated stroma in primary
breast cancer (PBC) patients. Patients and Methods: This
prospective study included 101 PBC patients treated by
primary surgery. CTCs were detected by quantitative real-
time polymerase chain reaction (qRT-PCR) assay for the
expression of epithelial (CK19) or epithelial-mesenchymal
transition (EMT) genes [TWIST1, SNAI1, SNAI2, zinc finger
E-box-binding homeobox 1 (ZEB1)]. ANXA2 expression on
CTCs was detected by qRT-PCR, while expression of ANXA2
in tumor specimen was evaluated by immunohistochemistry
and expressed by a weighted histoscore, evaluating both the

percentage of positive cells and the intensity of membrane
and cytoplasmic staining. Results of hormone receptors,
HER2 status, B-cell lymphoma 2 (bcl-2) protein expression
and protein p53 were reported as either positive or negative
on histopathology report without further quantification.
Results: CTCs were detected in 24.8% patients. Patients with
epithelial CTCs had a significantly higher ANXA2 expression
on CTCs than those of patients without CTCs (p=0.01). There
was no association between CTCs and ANXA2 protein
expression in tumor cells. However, patients, whom CTCs
with EMT phenotype were detected in, had higher ANXA2
expression in tumor stroma when compared to those with
absent EMT CTCs (p=0.04). Hormone-negative tumors had
significantly higher ANXA2 expression in tumor cells
compared to hormone-positive tumors (p=0.03). Similarly,
tumors without bcl-2 protein expression had higher tumor
levels of ANXA2 compared to tumor cells that were bcl-2
positive (p=0.05). Conclusion: ANXA2 stromal expression
might play a key role in aggressive tumor phenotype
associated with increased EMT CTCs release, however, other
factors beyond ANXA2 are responsible for coagulation
activation mediated by CTCs in breast cancer patients. 

Breast cancer is the most common malignancy in women
with an estimated 1.67 million new cases diagnosed world-
wide in 2012, with Western Europe and North America
having the highest incidence of 91 and 123 per 100,000,
respectively (1, 2). Despite advances in screening, diagnosis
and treatment, a significant portion of patients is diagnosed
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in advanced stages or develops metastatic disease. Circulating
tumor cells (CTCs) are thought to have a crucial role in the
metastatic cascade, tumor dissemination and progression. The
prognostic value of CTCs was demonstrated by a number of
trials for metastatic and primary breast cancer (3-5).

Annexin A2 (annexin II, ANXA2) is a phospholipid
binding protein involved in fibrinolysis, cell proliferation,
migration and metastatic dissemination. It is abundantly
expressed in various tumor types, including breast cancer,
where it is associated with an invasive phenotype. Several
recent studies have implicated ANXA2 in neoangiogenesis,
invasiveness and resistance to breast cancer treatment (6-11).
ANXA2 is undetectable in normal ductal breast tissue.
Increased expression is limited to proliferating ductal
adenocarcinoma, ductal carcinoma in situ (DCIS) and the
highly invasive/metastatic MDA-MB231 cell line in contrast
to the noninvasive/nonmetastatic MCF-7 human breast cancer
cell line (12). Presence of annexin A2 together with absence
of annexin A1 correlated with poor response to neoadjuvant
chemotherapy in breast cancer patients (13). Increased CTC
count and ANXA2 are both poor prognostic factors in breast
cancer and are linked to inferior survival (5, 14). 

We previously showed that presence of any CTCs in the
peripheral blood of advanced breast cancer patients is
associated with increased risk of venous thrombosis (15).
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. Patients with early breast cancer and detected
CTCs of any phenotype (epithelial or mesenchymal) 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 (16, 17). Plasminogen activators,
tissue–type plasminogen activator (tPA) and uPA act on
inactive plasminogen to produce active plasmin.
Plasminogen receptors on the cell surface significantly
increase plasmin generation while Annexin A2, cell
anchoring protein of key plasminogen receptor protein
S100A10, plays a central role in fibrinolysis and degradation
of extracellular matrix proteins (18).  

In this study, we hypothesized that there is a correlation
between tumor and stromal ANXA2 expression in the
presence of detectable CTCs. Moreover, we hypothesized,
that the expression of ANXA2 on CTCs might be responsible
for previously-observed coagulation activation (19). 

Patients and Methods

This is an extension to our previous translational study (Protocol
TRU-SK 002; Chair: M. Mego) approved by the Institutional
Review Board (IRB) of the National Cancer Institute of Slovakia as
previously reported (20, 21). The study included 101 patients with
stages I-III primary breast cancer (PBC), who were undergoing
definitive surgery for whom paraffin embedded tumor tissues were

available. This is continuation of previous work, where other factors
of coagulation (D-dimers, urokinase plasminogen activator and
tissue factor) were investigated (16). From each patient peripheral
blood (PB) was collected by venepuncture for CTCs detection and
plasma analysis, and whenever possible, corresponding paraffin-
embedded tumor tissue. Each patient had given written consent form
for the study and had received a complete diagnostic evaluation to
exclude the presence of distant metastasis. Age-matched healthy
women donors (N=60) without breast cancer were recruited and
consented according to the IRB-approved protocol.

Detection of CTCs in PB. CTCs were detected in PB depleted of
CD45+ leukocytes by quantitative real-time polymerase chain
reaction (qRT-PCR) based assay, as described previously (22, 23).
Briefly, PB samples were depleted of CD45+ leukocytes using the
RossetteSep™ kit (StemCell Technologies, Vancouver, Canada) and
isolated RNA from CD45-depleted PB 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 higher keratin-19
(CK19) gene transcripts than those of healthy donors were scored
as epithelial CTCs positive (CTC_EP), while patient samples with
higher EMT gene transcripts than those of healthy donors were
scored as CTC_EMT positive.

Tumor pathology. Pathology review was conducted at the
Department of Pathology, Faculty of Medicine, Comenius
University, by two pathologists (ZC and PJ) associated with the
study. Results of hormone receptors, HER2 status, B-cell lymphoma
2 (bcl-2) protein expression and protein p53 were reported either
positive or negative on histopathology report without further
quantification. Ki-67 labeling index was reported as percentage of
cells with Ki-67 positive nuclear immunostaining. Hormone
receptor status was defined as positive for either oestrogen receptor
or progesterone receptor vs negative for both; 1% of cells positive
for hormone receptor was used as the cut-off to define hormone
receptor positivity and HER2 status (normal or amplified).

Diagnosis and tumor samples. The study included tumor specimens
from 101 patients from previous work (15). For one patient from
this study tumor specimen was not available for further analysis. All
specimens were classified according to the WHO Classification of
2012. The block containing the most representative part of the
tumor was identified by hematoxylin & eosin (H&E) microscopy
and used for immunohistochemical (IHC) analysis.

Tissue microarray construction. According to tumor histology, one
or two representative tumor areas were identified on H&E sections.
Sections were matched to their corresponding paraffin blocks (the
donor blocks) and 3-mm diameter cores of the tumor were removed
from these donor blocks with the multipurpose sampling tool Harris
Uni-Core (Sigma-Aldrich, Steinheim, Germany) and inserted into
the recipient master block. The recipient block was cut into 5-μm
sections and the sections were transferred to coated slides.

Immunohistochemical (IHC) staining. Immunohistochemical
staining of annexin A2 was performed according to the
manufacturer’s instructions; the positive control tissue staining was
used for the verification of staining process suitability. Slides were
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deparaffinised and rehydrated in phosphate buffered saline solution
(10 mM, pH 7.2). Antigen retrieval was not performed. Endogenous
peroxidase activity was blocked by peroxidase-blocking reagent
(S2003, integral part of DAKO EnVision FLEX kit, DAKO,
Glostrup, Denmark).

The slides were subsequently incubated for one hour at room
temperature with the primary mouse monoclonal antibody against
Annexin II (Annexin II (E-11): sc-166762, Santa Cruz, Dallas,
USA) diluted 1:50 in Dako REAL antibody diluent (S2022, Dako,
Glostrup, Denmark) and immunostained using anti-mouse/anti-
rabbit immuno-peroxidase polymer (EnVision FLEX/HRP, Dako,
Glostrup, Denmark) for 30 minutes at room temperature, according
to the manufacturer’s instructions. For visualization, the
diaminobenzidine substrate-chromogen solution was used (DAB,
Dako, Glostrup, Denmark) for 5 minutes. Finally, the slides were
counterstained with haematoxylin. As tumor associated stroma, the
stromal cells between tumor nests, adjacent to tumor cells were
evaluated. Cancer associated stroma was indicated by vimentin-
positivity ( Monoclonal mouse anti-vimentin clone V9, code IR630,
Dako, Glostrup, Denmark) and pan-cytokeratin-negativity
(Monoclonal mouse anti-human clones AE1/AE3, code M3515,
Dako, Glostrup, Denmark). Human gall bladder tissue served as
positive control. As negative control, breast tissue was subjected to
the same procedure omitting the primary antibody.

Immunohistochemical stain scoring. Tumor cores were
independently assessed by two pathologists (ZC and PJ) who were
blinded to clinico-pathological data. In cases of disagreement, the
result was reached by consensus. The result of the IHC analyses was
expressed by a weighted histoscore, evaluating both the percentage
of positive cells (PP) and the membrane and cytoplasmic staining
intensity (SI). Briefly, the proportion of cells with nuclear staining
was multiplied by the intensity of staining to provide a score
ranging from 0-300 and for sensitivity analysis we dichotomized it
into low (<150) and high (≥150). The score was calculated as
follows: Score=(0× percentage not stained) + (1× percentage weakly
stained) + (2× percentage moderately stained) + (3× percentage
strongly stained) (24).

Statistical analysis. Patient characteristics were tabulated. The
patients’ characteristics were summarized using the median (range)
for continuous variables and frequency (percentage) for categorical
variables. Normality of distribution was tested by the Kolmogorov-
Smirnoff test. If normally distributed, sample means were tested by
Student t-test or analysis of variance (ANOVA) with Bonferroni’s
or Tamhane’s corrections depending on homogeneity of variance.
The nonparametric Mann-Whitney U or Kruskal-Wallis H test were
used for non-normally distributed data. Pearson’s or Spearman’s
correlation tests were used according to the normality of the data.
Categorical data were tested by Fisher’s exact test or Chi-square
test. All p-Values presented are two-sided, and associations were
considered significant if the p-Value was less or equal to 0.05.
Statistical analyses were performed using NCSS 2007 Data Analysis
software (NCCS LLC, Kaysville, UT, USA).

Results
The study population consisted of 101 primary breast cancer
patients with a median age of 60 years (range=37–83 years).
Patients’ characteristics are shown in Table I. 

CTC detection. To determine overexpression of the EMT-
transcription factor (TF) gene transcripts and CK19 in PBC
patients, we compared the expression levels in patient samples
with those of healthy donors. Relative to the highest levels of
SNAI1 and ZEB1 transcripts detected in healthy donors
samples, none of the patient samples overexpressed these gene
transcripts. Among the patient samples, TWIST1, SNAI2, and
CK19 transcripts were overexpressed in 3 (3.0%), 13 (12.9%)
and 13 (12.9%) samples, respectively. Totally, CTCs were
detected in 25 (24.6%) of patients. CTCs with only epithelial
markers (CTC_EP) were present in PB of 13 (12.9%) patients;
CTCs with EMT phenotype (CTC_EMT) were present in 13
(12.9%) of patients, while 1 (1%) patient exhibited CTCs with
both epithelial and mesenchymal phenotype (CK19 and
SNAI2 overexpression) (Table I). In one patient sample, there
was overlap in overexpression of EMT-TF gene transcripts
(SNAI2 and TWIST1).

Correlation between CTC and Annexin A2 expression in
tumor tissue and tumor associated stroma. There were no
associations of tumor cell expressed ANXA2 and any
subtype of CTCs (Table I). Mean±SEM (standard error of
the mean) of weighted histoscore of ANXA2 expression was
significantly higher in tumor cells negative for hormonal
receptors compared to cancer cells positive for any hormonal
receptor (148.6±28.0 vs. 76.4 vs. 11.2, p=0.03). Similarly,
tumors without bcl-2 protein expression had higher tumor
levels of ANXA2 versus tumor cells bcl-2 positive
(117.9±19.7 vs. 73.8±12.5, p=0.05). 

In the next step, we have evaluated ANXA2 expression in
tumor stroma and its association to CTC and other
clinicopathological variables (Table II). Patients with
CTC_EMT in the peripheral blood had significantly higher
mean±SEM expression of ANXA2 in tumor associated
stroma than those patients without CTC_EMT (107.7±16.5
vs. 64.8±6.3, p=0.04). There was no correlation between
stromal ANXA2 expression and epithelial type CTCs and/or
other clinicopathological variables (Table II).

Expression of Annexin A2 on CTCs. To test the hypothesis
that expression of the ANXA2 on CTCs could be responsible
for coagulation activation, we analyzed expression of
ANXA2 genes in peripheral blood enriched for CTCs
(CD45-depleted fraction). We analyzed 30 samples (15 CTCs
positive and 15 CTCs negative). We first looked at each
sample if there was expression of genes indicating presence
of CTC_EP and/or CTC_EMT and then pooled this outcome
according to the expression of the ANXA2. We excluded
from this analysis double positive samples (positive for
CTC_EP and CTC_EMT). CTC_EP samples had a
significantly higher expression of ANXA2 compared with
those of CTC_EMT samples or CTC negative samples
(p=0.01) (Figure 1).
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Discussion

Previously, we have found an association between plasma D-
dimers, uPA, PAI-1 and CTCs, indicating an activation of the

coagulation cascade in early breast cancer patients (16). In
this prospective translational study, we have not been able to
show that the presence of CTC in PB of primary breast
cancer patients is associated with ANXA2 expression in
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Table I. Association between Annexin A2 in tumor cells and clinicopathological variables. 

Variable                                                                                                                        Annexin A2 on tumor cells

                                                          N              %           Mean         SEM      Median    p-Value                Low                           High               p-Value

                                                                                                                                                       N              %               N                %               

All                                                     101          100.0         86.4           10.7           25            NA            74           100.0           27            100.0         NA
T-stage                                                                                                                                                                                                              
    1                                                     65            64.4          78.8           13.3           10           0.14            48            73.8            17             26.2         1.00
    >1                                                  36            35.6         100.1          17.9          87.5                           26            72.2            10             27.8             
N-stage                                                                                                                                                                                                             
    0                                                     59            58.4          75.5           13.9           10           0.14           4 5           76.3            13             22.0         0.26
    ≥1                                                   42            41.6         101.8          16.5           60                            28            66.7            14             33.3             
Grade                                                                                                                                                                                                                
    1 and 2                                          60            59.4          81.3           14.0           15           0.40            45            75.0            15             25.0         0.65
    3                                                     39            38.6        2061.5         52.9           25                            27            69.2            12             30.8             
    Unknown                                        2              2.0                                                                                                                                            
Histology                                                                                                                                                                                                          
    Invasive ductal carcinoma           85            84.2          93.5           11.6           30           0.25            59            69.4            26             30.6         0.06
    Other                                              16            15.8          49.1           26.6            5                             15            93.8             1               6.3              
Hormone receptor status                                                                                                                                                                                 
    Negative for both                          14            13.9         148.6          28.0          200          0.03             6             42.9             8              57.1       0.0097
    Positive for either                         87            86.1          76.4           11.2           20                            68            78.2            19             21.8             
HER2 status                                                                                                                                                                                                     
    Amplified                                      16            15,8          83.4           26.9           15           0.82            12            75.0             4              25.0         1.00
    Normal                                          85            84.2          87.0           11.7           30                            62            72.9            23             27.1             
Ki 67 (cut-off 14%)                                                                                                                                                                                         
    Low                                               50            49.5          70.9           15.1           35           0.37            41            82.0             9              18.0         0.07
    High                                               51            50.5         101.7          14.9           20                            33            64.7            18             35.3             
CTC_EP                                                                                                                                                                                                           
    Present                                           13            12.9          58.1           29.7           20           0.59            11            84.6             2              15.4         0.51
    Absent                                           88            87.1          90.6           11.4           30                            63            71.6            25             28.4             
CTC EMT                                                                                                                                                                                                        
    Present                                           13            12.9         102.3          29.8           30           0.81             8             61.5             5              38.5         0.33
    Absent                                           88            87.1          84.1           11.5           22                            66            75.0            22             25.0             
CTC Any                                                                                                                                                                                                          
    Present                                           25            24.8          75.4           21.5           20           0.63            19            76.0             6              24.0         0.80
    Absent                                           76            75.2          90.1           12.3           40                            55            72.4            21             27.6             
LVI                                                                                                                                                                                                                    
    Present                                           24            23.8          81.3           22.0           23           0.71            17            70.8             7              29.2         0.80
    Absent                                           77            76.2          88.1           12.3           30                            57            74.0            20             26.0             
p53                                                                                                                                                                                                                    
    Present                                           38            37.6          85.7           17.5          37.5         0.91            28            73.7            10             26.3         1.00
    Absent                                           63            62.4          86.9           13.6           20                            45            71.4            17             27.0             
BCL-2                                                                                                                                                                                                               
    Present                                           72            71.3          73.8           12.5            5            0.03            57            79.2            15             20.8        0.047
    Absent                                           29            28.7         117.9          19.7          100                           17            58.6            12             41.4             
Molecular subtype                                                                                                                                                                                           
    Luminal A                                     48            47.5          72.3           15.4           35           0.39            39            81.3             9              18.8         0.09
    Luminal B                                     24            23.8          89.4           21.8           10                            17            70.8             7              29.2             
    HER2                                             16            15.8          83.4           26.7           15                            12            75.0             4              25.0             
    TN                                                 13            12.9         136.9          29.6          200                            6             46.2             7              53.8             

SEM, Standard error of the mean; CTC_EP, circulating tumor cells with epithelial phenotype; CTC EMT, circulating tumor cells with epithelial-
mesenchymal transition phenotype; LVI, lymphovascular invasion; Bcl-2, B-cell lymphoma 2; TN, triple negative. 



tumor cells. Presence of ANXA2 is needed for plasminogen
binding, plasmin generation and lysis of fibrin polymers.
Moreover, plasminogen activators, tPA and uPA are necessary
for plasmin activation. Our previous data have demonstrated

that increased expression of uPA in plasma (but not in tumor
tissue), has correlated with CTC in peripheral blood.
However, we have not observed correlation between
plasma/tumor uPA and D-dimer levels in that study. Similarly
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Table II. Association between Annexin 2A in tumor stroma and clinicopathological variables. 

Variable                                                                                                                      Annexin A2 in tumor stroma

                                                          N              %          Mean         SEM      Median    p-Value                Low                           High                p-Value

                                                                                                                                                       N              %               N                %               

All                                                     101          100.0         70.3            6.1           100           NA            93            92.1             8               7.9           NA
T-stage                                                                                                                                                                                                              
    1                                                     65            64.4          69.2            7.6           100          1.00            62            95.4             3               4.6          0.13
    >1                                                  36            35.6          72.2           10.2          100                           31            86.1             5              13.9             
N-stage                                                                                                                                                                                                             
    0                                                     59            58.4          74.6            7.9           100          0.38            53            89.8             5               8.5          1.00
    ≥1                                                   42            41.6          64.3            9.4           100                           39            92.9             3               7.1              
Grade                                                                                                                                                                                                                
    1 and 2                                          60            59.4          63.3            7.8           100          0.16            57            95.0             3               5.0          0.26
    3                                                     39            38.6          82.1            9.7           100                           34            87.2             5              12.8             
    Unknown                                        2              2.0                                                                                                                                            
Histology                                                                                                                                                                                                          
    Invasive ductal carcinoma           85            84.2          69.4            6.6           100          0.68            78            91.8             7               8.2          1.00
    Other                                              16            15.8          75.0           15.3          100                           15            93.8             1               6.3              
Hormone receptor status                                                                                                                                                                                 
    Negative for both                          14            13.9          71.4           16.4          100          0.92            13            92.9             1               7.1          1.00
    Positive for either                         87            86.1          70.1            6.6           100                           80            92.0             7               8.0              
HER2 status                                                                                                                                                                                                     
    Amplified                                      16            15.8          72.9            6.6           100          0.37            16           100.0            0               0.0          0.35
    Normal                                          85            84.2          56.3           15.2          100                           77            90.6             8               9.4              
Ki 67 (cut-off 14%)                                                                                                                                                                                         
    Low                                               50            49.5          66.0            8.6           100          0.44            46            92.0             4               8.0          1.00
    High                                               51            50.5          74.5            8.5           100                           47            92.2             4               7.8              
CTC_EP                                                                                                                                                                                                           
    Present                                           13            12.9          70.5            6.5           100          0.92            13           100.0            0               0.0          0.38
    Absent                                           88            87.1          69.2           17.0          100                           80            90.9             8               9.1              
CTC EMT                                                                                                                                                                                                        
    Present                                           13            12.9         107.7          16.5          100          0.04             9             69.2             4              30.8        0.009
    Absent                                           88            87.1          64.8            6.3           100                           84            95.5             4               4.5              
CTC Any                                                                                                                                                                                                          
    Present                                           25            24.8          88.0           12.1          100          0.12            21            84.0             4              16.0         0.10
    Absent                                           76            75.2          64.5            6.9           100                           72            94.7             4               5.3              
LVI                                                                                                                                                                                                                    
    Present                                           24            23.8          67.5            7.0           100          0.38            22            91.7             2               8.3          1.00
    Absent                                           77            76.2          79.2           12.5          100                           71            92.2             6               7.8              
p53                                                                                                                                                                                                                    
    Present                                           38            37.6          57.9            9.8           100          0.11            36            94.7             2               5.3          0.49
    Absent                                           63            62.4          77.8            7.6           100                           56            88.9             6               9.5              
BCL-2                                                                                                                                                                                                               
    Present                                           72            71.3          68.1            7.2           100          0.58            67            93.1             5               6.9          0.69
    Absent                                           29            28.7          75.9           11.3          100                           26            89.7             3              10.3             
Molecular subtype                                                                                                                                                                                           
    Luminal A                                     48            47.5          70.8            8.9           100          0.74            43            89.6             5              10.4         0.62
    Luminal B                                     24            23.8          79.2           12.5          100                           22            91.7             2               8.3              
    HER2                                             16            15.8          56.3           15.4          100                           16           100.0            0               0.0              
    TN                                                 13            12.9          69.2           17.0          100                           12            92.3             1               7.7              

SEM, Standard error of the mean; CTC_EP, circulating tumor cells with epithelial phenotype; CTC EMT, circulating tumor cells with epithelial-
mesenchymal transition phenotype; LVI, lymphovascular invasion; Bcl-2, B-cell lymphoma 2; TN, triple negative. 



to uPA, ANXA2 is involved in fibrin degradation. Both of
these negative findings (no association of tumor ANXA2 or
tumor uPA and CTCs) might suggest that other factors play
role in coagulation activation. It is plausible that analogous
to circulating plasma uPA, secreted (circulating) form of
ANXA2, might link CTCs to activation of hemostasis. 

ANXA2 is activated in a calcium-dependent manner and
forms heterotetramer with protein S100A10 (p11). S100A10
functions as plasminogen receptor, resulting in plasmin
generation and fibrinolysis (18). Uninhibited plasmin
generation in the tumor microenvironment can lead to
extracellular matrix and basement membrane degradation.
ANXA2 thus plays an important role in tumor migration and
metastasis formation. Activation of epidermal growth factor
receptor (EGFR) induces EMT in breast cancer (25, 26).
ANXA2 is involved in EGFR signaling and its knockdown
impaired EGF-induced epithelial to mesenchymal transition
in breast cancer cells (14). Furthermore, ANXA2 depletion
significantly reduced cell invasion and metastatic potential
of breast cancer model in vivo. Similar findings of EGF
enhanced ANXA2 expression and EMT promotion were
observed in cervical cancer, pancreatic cancer and colon
cancer cell lines (19, 27, 28).

CTC_EMT are associated with stem-cell phenotype,
chemoresistance and resistance to apoptosis (5). EMT switch
is associated with enhanced migration and cell adhesion
facilitating extravasion and neoangiogenesis (5). Therefore,
we tested the hypothesis that EMT is accompanied by higher
ANXA2 expression on CTCs. Our previous work suggested
that uPA-system proteins (uPA, uPAR, PAI-1) are expressed
on CTC_EP, but not on CTC_EMT (16). In this study,
similarly higher expression of ANXA2 was on CTC_EP
compared with CTC_EMT or CTC negative samples. It is

likely that CTC_EP population harbor augmented fibrinolytic
activity with increased plasmin generation at the cell surface.
This might be responsible for pericellular proteolytic activity
of CTC_EP. On one hand plasmin-mediated fibrinolysis
might promote migration and intravasation of tumor cells;
on the other, absence of fibrin may remove suitable stromal
matrix and destabilize tumor stroma. The final outcome
depends on the extracellular matrix composition and on the
phenotype of individual tumor cells (29).

In addition, the importance of tumor stroma has long been
recognized (30). Heterotypic interactions of tumor cells with
adjacent stromal cell can induce expression of malignant cell
phenotypes and promote extracellular matrix remodeling,
cellular migration, neoangiogenesis, invasion, drug resistance
and evasion of immunosurveillance (31). Indeed, it is
thought that tumor-associated stroma is a prerequisite for
tumor cell invasion and metastasis. We have found higher
ANXA2 expression in tumor stroma, but not on tumor cells
themselves, associated with increased CTC_EMT in
peripheral blood. This finding might support the notion of
tumor recruitment of non-cancerous stromal cells but recent
evidence does not exclude possibility of transdifferentiation
of tumor cells into stromal-like cells to aid tumor evasion
(32, 33). Given the role of ANXA2 in angiogenesis and
metalloproteinase activation, we postulate that observed
stromal ANXA2 expression in our study might be
responsible for extracellular matrix degradation and
facilitation of CTC_EMT release from primary tumor into
peripheral blood. Furthermore, we observed significantly
higher ANXA2 expression on tumor cells in patients
negative for hormonal receptors and bcl-2. Several trials
have reported ANXA2 in breast cancer being associated with
increased breast cancer proliferation and invasion (6, 7). In
our experiment, we demonstrated that increased ANXA2
staining on breast cancer cells was strongly associated with
well-known poor risk factors in breast cancer – hormone
receptor negativity and bcl-2 absence. Hormone receptor
negative subtypes includes basal-like and HER-2 subtypes of
breast cancer, both viewed as more aggressive tumors, even
in early breast cancer (34). These subtypes are often enriched
for EMT markers, displaying stem cell characteristics (35).

BCL-2 is a suppressor of apoptosis, its expression
paradoxically being associated with low-grade and estrogen
receptor positive, slowly proliferating tumors with favorable
prognosis. It is a powerful prognostic marker in ER positive,
luminal A subtype of breast cancer (36). However, its
expression in hormone receptor negative or triple negative
(hormone and HER2 negative) patients is associated with
unfavorable prognosis (37). It is thought that antiapoptotic
properties of bcl-2 are more discernible in the absence of co-
expressed hormone receptors. In our study, there was a positive
correlation between high ANXA2 staining on tumor cells and
bcl-negativity. The reason for it is not evident, as previous
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Figure 1. Differential expression of annexin A2 (ANXA2) on CTC
subpopulations.



studies with ANXA2 siRNA and inhibitors of its glycosylation
consistently demonstrated decreased bcl-2 expression, cell
migration, proliferation and activating apoptosis (10, 38). It
may well be that loss of bcl-2 is associated with molecular
markers of poor prognosis, as previously reported for p53 and
ANXA2 positivity in our study (39).

In conclusion, in this prospective study we did not find an
association between  ANXA2 on tumor cells and CTCs in
early breast cancer patients. It is plausible that other factors
might play a role in coagulation activation by CTCs.
Moreover, we have demonstrated differential expression of
the ANXA2 in CTC_EP and CTC_EMT, confirming the
diverse roles of CTCs populations. It is likely that observed
stromal ANXA2 expression associated with increased
CTC_EMT in peripheral blood in our study might account for
extracellular matrix degradation and CTC_EMT release from
primary tumor. We have observed that higher expression of
ANXA2 on tumor cells was associated with features of
aggressive tumor phenotype, hormone receptor negativity and
loss of bcl-2 protein. The challenge for the future will be to
identify the missing link between CTCs and coagulation
activation and to investigate whether ANXA2 targeting could
abrogate general poor prognosis of these patients. 
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