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Abstract: In this study, we investigated the relationship between the epithelial–mesenchymal 

transition phenotype of circulating tumor cells (CTCs) and distant metastasis in breast cancer 

patients. We analyzed the expression of epithelial (epithelial cell adhesion molecule, cytokeratin 

[CK]8, CK18 and CK19) and mesenchymal (vimentin and TWIST1) markers in CTCs from 

a large cohort of Chinese breast cancer patients (N=1083) using Canpatrol™ CTC assays. 

We identified CTCs in 84.9% (920/1083) of the breast cancer patients enrolled in this study. 

Among these 920 patients, 547 showed epithelial CTCs, 793 showed biphenotypic CTCs and 

516 showed mesenchymal CTCs. Receiver operating characteristic (ROC) curves demonstrated 

circulation of both biphenotypic and mesenchymal CTCs (area under ROC curve value: 0.728; 

sensitivity: 68.7% and specificity: 71.6%) in patients was associated with distant metastasis. 

These findings demonstrate that the epithelial–mesenchymal transition phenotype of CTCs is 

a potential biomarker predictive of distant metastasis in breast cancer.

Keywords: breast cancer, circulating tumor cells, epithelial–mesenchymal transition, distant 

metastasis, prediction

Introduction
Breast cancer is a heterogeneous disease1–4 with 10 different subtypes based on gene 

copy number and expression analyses.4 Breast cancer is also classified according to 

immunohistochemical expression of estrogen receptor (ER), progesterone receptor (PR) 

and HER2 into five subtypes, that is, luminal A, luminal B, HER2-positive, basal-like 

and claudin-low.3 In general, luminal subtypes metastasize to the bone, whereas HER2-

positive tumors preferentially metastasize to the liver; the basal-like and claudin-low 

subtypes aggressively spread to the brain and lungs.5 Since the metastatic disease 

accounts for nearly 90% of breast cancer deaths, new biomarkers that accurately predict 

metastasis are important to improve disease management.6

Epithelial–mesenchymal transition (EMT) is a critical process for cancer progres-

sion that involves downregulation of epithelial markers such as epithelial cell adhesion 

molecule (EpCAM) and cytokeratins (CKs) and upregulation of mesenchymal markers 

such as vimentin and TWIST1 in tumor cells.7,8 Patient tissue samples and cell lines 

demonstrate distinct EMT features characteristic of the different subtypes of breast 

cancer. The highly invasive claudin-low tumors are enriched in mesenchymal and stem 

cell-like features9 and show absence or low expression of epithelial markers.10,11 The 

basal-like tumors exhibit both epithelial and mesenchymal features,10,12 which corre-

late with their metastatic character.12 On the contrary, the luminal and HER2-positive 
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subtypes are poorly invasive9 and show high expression of 

epithelial markers and absence or low expression of mesen-

chymal markers.10 In some cases, luminal and HER2-positive 

subtypes are associated with increased invasiveness when 

they undergo EMT changes.13–15 Willipinski-Stapelfeldt et 

al demonstrated that EMT changes in primary tumors were 

associated with the aggressive behavior of breast cancer 

cells.16 These studies suggested a mechanistic link between 

EMT (loss of epithelial markers and gain of mesenchymal 

markers) and tumor progression.

Many studies have demonstrated EMT in subpopulations 

of circulating tumor cells (CTCs) in breast cancer.17–24 CTCs 

from patients with lobular type cancers (typically ER+/PR+) 

are predominantly epithelial, whereas those from the triple-

negative, basal-like, claudin-low and HER2-positive subtypes 

are predominantly mesenchymal.24 The mesenchymal CTCs 

are associated with poor prognosis,22 metastasis and resis-

tance to chemotherapy.24 These studies suggest the potential 

prognostic value of CTCs in breast cancer. However, there 

are several limitations in these studies, such as: lack of defini-

tive markers to identify subpopulations of CTCs with EMT 

phenotype, lack of clinical validation of CTC detection tech-

nology, and limited sample size. Therefore, comprehensive 

analysis of CTC subpopulations with a set of definitive EMT 

markers and a clinically feasible CTC detection technique is 

necessary in a large cohort of breast cancer patients.

The Canpatrol™ CTC assay (SurExam, Guangzhou, 

China) is a filter-based method that uses a cocktail of epithe-

lial (EpCAM and CK8/18/19) and mesenchymal (vimentin 

and TWIST1) markers to classify CTCs into epithelial, 

biphenotypic (both epithelial and mesenchymal) and mes-

enchymal subtypes in a broad range of carcinomas including 

breast cancer.25 However, CTCs in breast cancer have not 

been analyzed with the Canpatrol CTC assay. Therefore, we 

characterized the EMT phenotype in breast cancer cell lines 

and CTCs isolated from peripheral blood samples of a large 

cohort of Chinese breast cancer patients with the Canpatrol 

CTC technique.

Patients and methods
Patient enrollment and blood collection
This study was approved by the ethics committees of Hang-

zhou First People’s Hospital, PKUCare Luzhong Hospital, 

and Binzhou Medical University Hospital. Female patients, 

aged between 18 and 70 years, who were pathologically 

diagnosed with breast cancer without any history of other 

malignant tumors or inflammation diseases were recruited for 

this study. We collected 5 mL of peripheral blood from each 

patient in EDTA tubes by venipuncture and stored the sample 

at 4°C until cell isolation, which was performed within 4 h. 

Blood samples were collected before surgery or other treat-

ments. Alternatively, blood samples were collected during the 

chemotherapy treatment intervals for patients who had not 

been treated with radical surgery. Peripheral blood samples 

were also collected from female patients (age range: 19–70 

years) who were pathologically diagnosed with benign breast 

diseases such as cyclomastopathy and galactoma, but did 

not include breast inflammation diseases, malignant tumor 

history or inflammation diseases. Peripheral blood samples 

from healthy volunteers were used for spiking assays. All 

the subjects were recruited from December 2014 to March 

2016, and written informed consent was obtained from all 

the subjects before their enrollment.

Cell lines and cell culture
We obtained MCF-7 and MDA-MB-453 cell lines from the 

American Type Culture Collection (Manassas, VA, USA) for 

this study. The MCF-7 cell line is derived from a pleural effu-

sion of a patient with breast adenocarcinoma and retains sev-

eral characteristics of differentiated mammary epithelium.26 

The MDA-MB-453 cell line is derived from an effusion of 

a patient with metastatic carcinoma of the breast including 

the nodes, brain as well as pleural and pericardial cavities.27 

Both MCF-7 and MDA-MB-453 cell lines were cultured in 

Roswell Park Memorial Institute 1640 medium (Thermo 

Fisher Scientific, Waltham, MA, USA) with 10% fetal 

bovine serum (Thermo Fisher Scientific) and 1% penicillin– 

streptomycin (Thermo Fisher Scientific) at 37°C and 5% CO
2
. 

Sub-cultivation of the cell lines was performed using 0.25% 

trypsin (Sigma-Aldrich Co., St Louis, MO, USA) and 5 mM 

EDTA (Sigma-Aldrich Co.). Cells in logarithmic growth 

phase or at 80% confluence were harvested with trypsin and 

used for experiments.

Isolation and classification of CTCs
CTCs were isolated by the Canpatrol CTC assay (SurExam) 

and classified as previously described.25 Peripheral blood 

samples were treated with erythrocyte lysis buffer within 4 h 

after venopunction and filtered with an 8 μm diameter pore-

calibrated membrane (EMD Millipore, Billerica, MA, USA) 

to enrich the CTCs. Then, the CTCs were subjected to RNA 

in situ hybridization with a combination of epithelial (EpCAM 

and CK8/18/19) and mesenchymal (vimentin and TWIST1) 

markers. Finally, the samples were stained with 4′,6-diamidino-

2-phenylindole (Sigma-Aldrich Co.) and analyzed with an 

automated imaging fluorescent microscope (Carl Zeiss  Meditec 
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AG, Jena, Germany). Then, the CTCs from each patient were 

classified based on the identification of the markers.

Statistical analysis
Statistical analysis was performed with SPSS 17.0 software 

package (SPSS Inc., Chicago, IL, USA). Spearman’s rank 

correlation analysis was used to assess the correlation between 

two variables. The Mann–Whitney U or Kruskal–Wallis tests 

were used to analyze non-normally distributed data. Receiver 

operating characteristic (ROC) curves and the area under 

the curve (AUC) were used to evaluate the diagnostic and 

predictive power of different subsets of CTCs. The Youden 

index was used to select optimal cutoff values that repre-

sented the threshold value when sensitivity + specificity–1 

was maximal. Binary logistic regression analysis was used 

to establish the diagnostic or predictive models for different 

CTC populations. All statistical analyses were two-sided, and 

P<0.05 was designated as statistically significant.

Results
Expression of epithelial and mesenchymal 
markers in breast cancer cell lines and 
leukocytes from healthy blood volunteers
We evaluated the EMT status of breast cancer cell lines in 

vitro by adding 100 MCF-7 or MDA-MB-453 cells to each 

blood sample (5 mL) from the healthy volunteers. We spiked 

each cell line thrice for analyzing each epithelial or mesen-

chymal marker. EpCAM, CK8/18/19, vimentin and TWIST1 

were expressed in both MCF-7 and MDA-MB-453 cells 

and absent in leukocytes (Figure 1). CD45 was expressed in 

leukocytes and absent in breast tumor cell lines (Figure 1). 

These results demonstrated that a combination of EpCAM, 

CK8/18/19, vimentin and TWIST1 as well as the leukocyte 

marker CD45 distinguished breast tumor cells from leuko-

cytes and could be used to characterize circulating breast 

tumor cells.

Distinguishing the EMT phenotype of 
CTCs from benign breast disease and 
breast cancer patients
EMT phenotype changes in CTCs were analyzed in blood 

samples isolated from 26 benign breast disease patients 

and 67 breast cancer patients. Distant metastasis was 

determined by clinical analysis, radiography and histology 

based on TNM staging system. Among the 67 patients with 

breast cancer, 46 patients showed no distant metastasis 

and 21 patients showed distant metastasis. Moreover, 73 

of 93 blood samples were characterized as CTC posi-

tive (≥1 CTC/5 mL blood) by the Canpatrol CTC assay 

with EMT markers. The CTC-positive rate in patients 

Figure 1 Expression of epithelial and mesenchymal markers in MCF-7 cells, MDA-MB-453 cells and leukocytes.
Notes: Representative images show expression of EpCAM, CK18, TWIST1, CD45, CK8, CK19, vimentin and a combination of all probes in MCF-7 and MDA-MB-453 breast 
cancer cells as well as control leukocytes by RNA in situ hybridization assay. The nuclei were stained with DAPI (blue). EpCAM, CK18, CK8 and CK19 are epithelial markers, 
whereas vimentin and TWIST1 are mesenchymal markers. CD45 is a leukocyte marker. Scale bars =10 µm.
Abbreviations: CK, cytokeratin; DAPI, 4′,6-diamidino-2-phenylindole; EpCAM, epithelial cell adhesion molecule.
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with benign breast disease, non-distant metastatic breast 

cancer patients (M0) and distant metastatic breast cancer 

patients (M1) was 46.2% (12/26), 87.0% (40/46) and 100% 

(21/21), respectively (P<0.001; Figure 2A). Furthermore, 

total number of CTCs in benign breast disease patients 

(0.81) was lower than in M0 and M1 breast cancer patients 

(7.78 in M0 and 7.76 in M1; P<0.001 compared to benign 

disease patients; Figure 2B). The total numbers of CTCs 

in the M0 and M1 breast cancer patients were similar 

(P>0.05; Figure 2B).

Figure 2 Analysis of CTCs in blood samples from patients with benign breast disease and breast cancer with or without distant metastasis.
Notes: (A) Bar graphs represent percentage of breast cancer patients with or without distant metastasis and benign breast disease that show total, E+, E+/M+ and M+ 
CTCs. (B) The bar graphs show number of total, E+, E+/M+ and M+ CTCs in benign breast disease patients and breast cancer patients with or without distant metastasis. 
M0 denotes non-distant metastasis, whereas M1 denotes distant metastasis. The lines inside the bars denote the mean values. (C) Representative fluorescence images show 
RNA in situ hybridization of E+, E+/M+ and M+ CTCs. Scale bars =10 µm.
Abbreviations: CTC, circulating tumor cells; E+ CTCs, exclusively epithelial CTCs; E+/M+ CTCs, biphenotypic epithelial/mesenchymal CTCs; M+ CTCs, exclusively 
mesenchymal CTCs.
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Based on the EMT markers, the CTCs from breast cancer 

patients were classified into three subpopulations: epithelial 

(E+), biphenotypic (E+/M+) and mesenchymal (M+), as 

shown in Figure 2C. These three CTC subpopulations were 

predominant in breast cancer patients (M0: 71.7%, 67.4% and 

15.2%, respectively; M1: 71.4%, 90.5% and 76.2%, respec-

tively) and rare in benign breast disease (34.6%, 23.1% and 

0%, respectively; P<0.05 in all three subpopulations; Figure 

2A). Furthermore, E+/M+ and M+ CTCs were more com-

mon in M1 than in M0 breast cancer patients (P=0.045 and 

P<0.001, respectively; Figure 2A). The mean numbers of E+, 

E+/M+ and M+ CTCs were 4.63, 2.85 and 0.30 in M0 and 

2.76, 3.81 and 1.19 in M1 breast cancer patients, respectively 

(Figure 2B). These numbers were higher than in patients with 

benign breast disease (0.46, 0.35 and 0; P<0.05 in all cases; 

Figure 2B). Moreover, M+ CTC numbers were higher in M1 

than in M0 breast cancer patients (P<0.001; Figure 2B).

We then performed ROC curve analyses to evaluate the 

diagnostic and predictive potential of the CTC populations. 

Total CTCs displayed the highest AUC (0.886; 95% CI: 

0.821–0.951; P<0.001) compared to E+ (AUC: 0.751), E+/

M+ (AUC: 0.808) and M+ (AUC: 0.672) CTCs in discrimi-

nating breast cancer and benign breast disease patients (Fig-

ure 3A). Moreover, at the optimal cutoff value of 3 for total 

CTC numbers, the sensitivity and specificity were 76.1% and 

92.3%, respectively (Figure 3A). This indicated that patients 

with malignant breast cancer showed total CTC number ≥3 

cells/5 mL blood.

Next, we analyzed the predictive potential of CTC num-

bers in distinguishing breast cancer with distant metastasis 

from breast cancer without distant metastasis and benign 

breast disease. As shown in Figure 3B, the M+ CTCs showed 

the highest AUC value of 0.818 (95% CI: 0.703–0.933; 

P<0.001) compared to total (AUC: 0.706), E+/M+ (AUC: 

0.696) and E+ (AUC: 0.564) CTCs. The M+ CTCs showed 

a sensitivity of 76.2% and specificity of 90.3% at the cutoff 

value of 1 (Figure 3B). This suggested that breast cancer 

patients with distant metastasis are characterized by high 

M+ CTC numbers.

Phenotypic characterization of CTCs in a 
large breast cancer patient cohort
We characterized CTCs in a large cohort of breast cancer 

patients. Among the 1083 breast cancer patients enrolled 

in the study, 364 (33.6%) showed distant metastasis. We 

detected CTCs in 920 out of 1083 patients (84.9% with ≥1 

CTC in 5 mL blood; Table 1). The total number of CTCs 

ranged from 0 to 139 (median: 4; mean±SD: 8.33±12.35; 

Table 1). E+, E+/M+ and M+ CTCs were detected in 50.5% 

(547/1083), 73.2% (793/1083) and 47.6% (516/1083) of the 

breast cancer patients, respectively (Table 1). The E+, E+/M+ 

and M+ CTC numbers ranged 0–55 (median: 1; mean±SD: 

1.66±3.60), 0–91 (median: 2; mean±SD: 5.11±8.76) and 0–29 

(median: 0; mean±SD: 1.56±3.09), respectively (Table 1).

Relationship of CTC phenotype with 
metastatic status of breast cancer
Next, we evaluated the relationship between CTC numbers 

and metastatic status of breast cancer. The incidence of CTCs 

was associated with distant metastasis in M0 (82.5% CTC+) 

and M1 (89.8% CTC+) breast cancer patients (P=0.001; 

Figure 4A). Moreover, we observed the correlation between 

CTC numbers and distant metastasis, with the mean number 

of CTCs being 6.24 and 12.44 in M0 and M1 breast cancer 

patients, respectively (P<0.001; Figure 4B).

As shown in Figure 4C, the distribution of three CTC sub-

populations in breast cancer patients varied with metastatic 

status. Among the 719 M0 breast cancer patients, E+, E+/

M+ and M+ CTCs were detected in 10.7%, 19.2% and 1.0% 

patients, respectively. Moreover, 17.1% patients showed both 

E+ and E+/M+ CTCs, 1.9% showed both E+ and M+ CTCs, 

20.9% showed E+/M+ and M+ CTCs and 20.9% showed all 

three CTC subpopulations (Figure 4C). Among the 364 M1 

patients, 2.2% patients showed E+ CTCs only, 5.8% showed 

E+/M+ CTCs only, 4.1% showed M+ CTCs only, 10.2% 

showed both E+ and E+/M+ CTCs, 1.6% showed both E+ 

and M+ CTCs, 29.7% showed both E+/M+ and M+ CTCs 

and 36.3% showed all three CTC subpopulations (Figure 4C). 

The M+ CTCs were observed in 35.5% of M0 breast cancer 

patients and 71.7% of M1 breast cancer patients. These results 

demonstrate that M1 patients showed increased numbers of 

M+ CTCs compared to M0 patients.

In the patients with M+ CTCs, the mean number of M+ 

CTCs was 2.61 in M0 and 3.92 in M1 patients (P<0.001; 

Figure 4D), whereas the mean number of E+/M+ CTCs was 

6.65 in M0 and 9.20 in M1 patients (P<0.001; Figure 4E). 

Moreover, in the M+ CTC-positive patients, the mean num-

bers of E+ CTCs were 2.49 and 1.97 in M0 and M1 patients, 

respectively (P=0.017; Figure 4F).

In patients without M+ CTCs, we observed statistically 

insignificant, but a trend toward an, association between 

E+/M+ CTC numbers and distant metastasis with a mean 

value of 2.19 and 4.16 in M0 and M1 patients, respectively 

(P=0.050; Figure 4G). Moreover, the mean number of E+ 

CTCs in patients without M+ CTCs was 1.04 and 1.60 in 

M0 and M1 patients, respectively (P=0.427; Figure 4H).
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These data demonstrate that E+/M+ and M+ CTC num-

bers distinguish M0 and M1 breast cancer patients, thus 

establishing a correlation with distant metastasis.

Phenotypic characterization of CTCs for 
prediction of distant metastasis
Finally, we evaluated if CTCs predicted distant metastasis. 

Among the three CTC subpopulations, E+/M+ and M+ CTCs 

distinguished distant metastasis from non-distant metastasis 

with AUC of 0.656 (95% CI: 0.621–0.691; P<0.001) for E+/

M+ CTCs (Figure 5A) and 0.709 (95% CI: 0.675–0.742; 

P<0.001) for M+ CTCs (Figure 5B). At the cutoff value of 3 

for E+/M+ CTCs, the sensitivity and specificity were 62.9% 

and 64.8%, respectively, whereas for M+ CTCs, the sensitiv-

ity and specificity were 71.7% and 64.5%, respectively, at 

a cutoff of 1. This suggested that when the numbers of E+/

M+ and M+ CTCs were ≥3 cells/5 mL blood and ≥1 cell/5 

mL blood, respectively, this reflected disease progression. 

However, E+ CTC numbers were similar for both M0 and 

M1 breast cancer patients.

Figure 3 ROC curve analyses of CTC subsets in patients with benign breast disease and breast cancer.
Notes: (A) ROC curves for total, E+, E+/M+ and M+ CTCs are shown to discriminate breast cancer patients from benign breast disease patients. As shown in the figure, 
total CTCs show the highest AUC value. (B) ROC curves for total, E+, E+/M+ and M+ CTCs to discriminate distant from non-distant metastasis (benign breast disease and 
breast cancer without distant metastasis) are shown. The M+ CTCs showed the highest AUC value.
Abbreviations: AUC, area under the curve; CTCs, circulating tumor cells; ROC, receiver operating characteristic; E+ CTCs, exclusively epithelial CTCs; E+/M+ CTCs, 
biphenotypic epithelial/mesenchymal CTCs; M+ CTCs, exclusively mesenchymal CTCs.
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We then tested if the combination of E+/M+ CTCs and 

M+ CTCs predicted distant metastasis more accurately. The 

combination of E+/M+ and M+ CTCs yielded an AUC value 

of 0.728 (95% CI: 0.695–0.761; P<0.001; Figure 5C) and 

at an optimal cutoff value of 8.3235 showed sensitivity and 

specificity values of 68.7% and 71.6%, respectively. This 

suggested that breast cancer patients with distant metastasis 

showed both E+/M+ and M+ CTCs.

Discussion
Although many studies have assessed the clinical relevance 

of the EMT phenotype of CTC subpopulations in breast 

cancer,17–24 a systematic large cohort study based on defini-

tive EMT markers with clinically feasible CTC detection 

technique is lacking. In this study, we performed Canpa-

trol CTC assay with four epithelial markers, EpCAM and 

CK8/18/19, as well as two mesenchymal markers, vimentin 

and TWIST1, to classify CTCs in breast cancer patients. 

We studied the distribution and clinical value of CTCs with 

varying EMT phenotypes in small-scale and large-scale 

breast cancer samples.

Breast cancer cell lines have been differentiated based on 

the differential expression patterns of epithelial and mesen-

chymal markers.9–12 The breast cancer cell lines that represent 

luminal and HER2-positive subtypes are poorly invasive and 

are characterized by absence or low expression of mesenchy-

mal markers and high expression of epithelial markers.9,10 

Contrary to these reports,9,10 we observed the expression of 

both epithelial and mesenchymal markers in luminal subtype, 

MCF-7 cell line, and HER2-positive subtype, MDA-MB-453 

cell line, in this study. This suggested that EMT changes occur 

even in the luminal and HER2-positive subtypes of breast 

cancer cell lines. Also, this suggested that poorly invasive 

cells increase their mesenchymal characteristic and prog-

ress into highly invasive phenotypes.13–15 However, further 

studies are necessary to understand similar epithelial plus 

mesenchymal phenotypes in MCF-7 and MDA-MB-453 cell 

lines, which belong to different subtypes of breast cancer. 

Yet, our results demonstrate that Canpatrol CTC assay can 

differentiate between different breast cancer subtypes based 

on CTC characterization and classification. This assay needs 

to be applied to other breast cancer cell lines representing the 

different breast cancer subtypes to ascertain if CTCs from dif-

ferent breast cancer subtypes can be successfully recognized.

In our preliminary small-scale analysis of patient blood 

samples, we observed higher CTC incidence in benign 

breast disease (46.2%), which was inconsistent with previ-

ous reports.28 The discrepancy could be due to differences in 

samples and assay techniques. Nevertheless, the incidence 

and number of CTCs were lower in benign breast disease 

than in breast cancer. This is consistent with a previous 

finding that CTCs are rare in patients with nonmalignant 

diseases.29 We also showed three distinct CTC subpopula-

tions in patients, namely, E+, E+/M+ and M+ CTCs. Each of 

these subpopulations was distinctly distributed in the benign 

breast disease as well as in M0 and M1 breast cancer patients. 

These results suggest an association between CTC numbers 

and subpopulations with disease severity. Furthermore, total 

CTC numbers displayed the highest AUC of 0.886 compared 

to the three CTC subpopulations in the diagnosis of breast 

cancer with a sensitivity of 76.1% and specificity of 92.3%. 

The sensitivity and specificity percentages were comparable 

to those previously reported for lung cancer and lung benign 

disease.30 We also found that M+ CTCs exhibited the highest 

AUC of 0.818 in predicting distant metastasis compared to 

the total and other CTC subpopulations with a sensitivity of 

76.2% and specificity of 90.3%.

To assess the true diagnostic and predictive power of EMT 

phenotypic hallmarks of CTCs in breast cancer diagnosis 

and distant metastasis prediction, we analyzed a large cohort 

of 1083 Chinese breast cancer patients. We detected CTCs 

in 84.9% of patients (≥1 CTC/5 mL blood). This detection 

rate was higher than those detected by CellSearch system 

and epithelial marker enrichment assays and comparable to 

independent detection by epithelial markers.31,32 We observed 

Table 1 Characterization of CTCs in a large cohort of Chinese 
breast cancer patients

Parameters Breast cancer (N=1083)

Total CTCs
≥1 cell/5 mL blood, n (%) 920 (84.9)
Range 0–139
Median 4
Mean±SD 8.33±12.35
E+ CTCs
≥1 cell/5 mL blood, n (%) 547 (50.5)
Range 0–55
Median 1
Mean±SD 1.66±3.60
E+/M+ CTCs
≥1 cell/5 mL blood, n (%) 793 (73.2)
Range 0–91
Median 2
Mean±SD 5.11±8.76
M+ CTCs
≥1 cell/5 mL blood, n (%) 516 (47.6)
Range 0–29
Median 0
Mean±SD 1.56±3.09

Abbreviations: CTCs, circulating tumor cells; E+ CTCs, exclusively epithelial 
CTCs; E+/M+ CTCs, biphenotypic epithelial/mesenchymal CTCs; M+ CTCs, 
exclusively mesenchymal CTCs.
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CTCs expressing predominantly epithelial phenotype in the 

early stages of EMT, both epithelial and mesenchymal phe-

notypes at the intermediate stage of EMT and predominantly 

Figure 4 Relationship of CTC populations with metastatic status of breast cancer.
Notes: (A) Bar graph shows the incidence of CTCs (percentage of patients who were CTC positive) in non-distant and distant metastatic breast cancer patients. (B) Dot 
plot shows total CTC numbers in non-distant and distant metastatic breast cancer patients. Each dot represents a single patient. (C) Pie charts show the percentage of 
different CTC populations in non-distant (n=719) and distant (n=364) metastasis patients. (D–F) Dot plots show (D) M+, (E) E+/M+ and (F) E+ CTC numbers in non-distant 
and distant metastatic breast cancer patients with M+ CTCs. (G and H) Dot plots show (G) E+/M+ and (H) E+ CTC numbers in non-distant and distant metastatic breast 
cancer patients without M+ CTCs.
Abbreviations: CTCs, circulating tumor cells; E+ CTCs, exclusively epithelial CTCs; E+/M+ CTCs, biphenotypic epithelial/mesenchymal CTCs; M+ CTCs, exclusively 
mesenchymal CTCs.

0C
TC

-p
os

iti
ve

 ra
te

 (%
)

To
ta

l C
TC

s 
nu

m
be

r/5
 m

L
M

+ 
C

TC
s 

nu
m

be
r/5

 m
L

E+
/M

+ 
C

TC
s 

nu
m

be
r/5

 m
L

E+
 C

TC
s 

nu
m

be
r/5

 m
L

0

50 1.9%
17.1%

19.2%

1.0%

10.7%

17.5%

36.3%

10.2%

2.2%

5.8%

4.1%

29.7%

Distant
metastasis

(n=364)

1.6%

10.2%

20.9%

Non-distant
metastasis

(n=719)11.7%
100

150

Non-distant
metastasis

Distant
metastasis

Non-distant
metastasis

Distant
metastasis

Non-distant
metastasis

0

5

10

15

20

25

30

35

M
+ 

C
TC

s 
nu

m
be

r/5
 m

L

0

5

10

15

20

25

30

35

Distant
metastasis

Non-distant
metastasis

Distant
metastasis

Non-distant
metastasis

Distant
metastasis

Non-distant
metastasis

Distant
metastasis

Non-distant
metastasis

Distant
metastasis

20

CTC-negative
E+/M+ CTCs only

E+/M+ and M+ CTCs
E+ and E+/M+ CTCs

E+ CTCs only
M+ CTCs only

E+, E+/M+ and M+ CTCs
E+ and M+ CTCs

40

60
80

100
A C

B

D

G H

E F

P=0.001

P<0.001

P<0.001

P=0.050
P=0.427

P<0.001 P=0.017

0 0

10

20

30

40

50

60

E 
+/

M
+ 

C
TC

s 
nu

m
be

r/5
 m

L

0

10

20

30

40

50

60

20

40

60

80

100

mesenchymal phenotype in the late stage of EMT.33 The 

detection rates of E+, E+/M+ and M+ CTCs were 50.5%, 

73.2% and 47.6%, respectively, which suggested that most 
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Figure 5 ROC curve analysis of different CTC subsets in a large cohort of breast cancer patients.
Notes: (A–C) ROC curves for (A) E+/M+, (B) M+ and (C) E+/M+ plus M+ CTCs in the large cohort of breast cancer patients are shown. The AUC values show the ability 
of these CTCs to predict distant metastasis in breast cancer patients.
Abbreviations: AUC, area under the curve; CTCs, circulating tumor cells; ROC, receiver operating characteristic; E+ CTCs, exclusively epithelial CTCs; E+/M+ CTCs, 
biphenotypic epithelial/mesenchymal CTCs; M+ CTCs, exclusively mesenchymal CTCs.
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patients were in the intermediate stage of EMT and under-

going EMT. These results also indicate that EMT may be 

conducive to CTC generation and their survival in circulation.

We also observed the correlation between total CTC 

numbers and distant metastasis, suggesting that CTCs in 

circulation probably represent a surrogate marker for tumor 

self-seeding potential such as metastatic cascade, tumor 

dissemination and progression.34 We also found that a 

combination of high M+ and E+/M+ CTCs or high E+/M+ 

CTCs without M+ CTCs correlated with distant metastasis. 

These data were consistent with previous studies,21,24 sug-

gesting that CTCs displaying a mesenchymal phenotype have 

immense potential as a predictive factor of distant metastasis 

of breast cancer. However, E+ CTCs were associated with 

early stage of disease. These data highlight the importance 

of phenotypic change of CTCs during the EMT process in 

tumor progression.

Furthermore, the numbers of E+/M+ and M+ CTCs 

could discriminate between M0 and M1 subtypes of breast 

cancer patients. Notably, E+/M+ CTCs in combination with 

M+ CTCs displayed better prediction of distant metastasis 

in breast cancer patients with an AUC-ROC value of 0.728, 

sensitivity of 68.7% and specificity of 71.6%. To the best 

of our knowledge, this is the first report to evaluate the pre-

dictive power of CTC subpopulations in distant metastasis 

of breast cancer. Our results suggest that E+/M+ CTCs in 

combination with M+ CTCs predict tumor progression and 

distant metastasis.

The strength of our study is that it represents one of the 

largest phenotyping analyses of CTCs by EMT markers in 

breast cancer patients. We analyzed a large sample size with 

multiple definitive EMT markers and clinically feasible CTC 

detection assay. Nevertheless, there are a few limitations to 

this study. First, our data only included distant metastatic 

status of breast cancer and did not analyze other clinical 

parameters such as molecular subtypes and hormone recep-

tor status. Therefore, we did not investigate the correlation 

of CTCs with other clinical parameters of breast cancer. 

Moreover, due to the lack of follow-up and serial detection of 

CTCs, we were unable to assess the prognostic significance 

of distinct EMT phenotype CTCs in breast cancer. Thus, fur-

ther analysis of the clinical relevance of CTCs is warranted.

Conclusion
In conclusion, we demonstrated three distinct CTC subpopu-

lations (E+, E+/M+ and M+) using Canpatrol CTC assays in 

blood samples from 1083 Chinese breast cancer patients. We 

further demonstrated that high numbers of circulating M+ 

and E+/M+ CTCs in patients were associated with distant 

metastasis, whereas high numbers of circulating E+ CTCs 

were associated with early-stage breast cancer. This suggests 

the combination of E+/M+ and M+ CTCs is predictive of 

distant metastasis in breast cancer patients. Future studies 

are necessary to investigate the prognostic value of CTCs in 

breast cancer therapy.
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