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Figure S1. Relative expression level of genes used for CTCs-positivity determination and distribution 

into EMT classes (A), invasion-related genes, stem cell and cluster formation markers (B) in CTCs-

negative, CTCs-positive samples and in healthy controls. Statistically significant differences are 

marked (* p < 0.05, ** p < 0.01, *** p < 0.001). 
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Figure S2. Prognostic significance (overall survival) of CDH1 (A) and CDH2 (B) in CTCs-EBF 

classified as CTCs-negative due to lack of expression of basic CTCs markers (MGB1 and HER2). 
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Figure S3. Marker status in each CTCs sample from epithelial (E), mesenchymal (M) and epithelial-

mesenchymal (EM) group. Positive marker status is shown in orange, negative in blue. 

 

Figure S4. Estimation of leukocyte contamination in CTCs-EBF. Relative expression level of CD45 in 

breast cancer patients (N = 39) and healthy controls (N = 9). 



Cancers 2019, 11, 59; doi:10.3390/cancers11010059 S5 of S13 

5 

 

Figure S5. Principal component analysis showing separate grouping of CTCs-positive samples 

classified as epithelial (E) or mesenchymal (M); epithelial-mesenchymal (EM) samples are divided 

between epithelial and mesenchymal samples. 

 

Figure S6. Blood samples processing and gene expression analysis scheme. 
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Table S1. List of genes describing their functions. 

Type of 

Marker 
Marker (full name) Abbreviation Gene Function in Cancer and Prognostic Value References 

General Breast 

Cancer 

markers 

Mammaglobin-1 

(Mammaglobin-A/ 

Secretoglobin family 

2A member 2) 

MGB1 SCGB2A2 

Secretory protein exclusively expressed in cells 

originating from mammary gland and in some 

breast cancer cell lines. 

[1] 

Receptor tyrosine-

protein kinase erbB-2 
HER2 ERBB2 

Tyrosine-protein kinase growth factor receptor 

overexpressed in 20-30% of primary breast cancers. 

Proto-oncogene in breast cancer. 

[2,3]  

Epithelial 

markers 

Cytokeratin-19 

(Keratin, type 1 

cytoskeletal 19) 

CK19 KRT19 
Intracellular intermediate filament constituting 

cytoskeleton of epithelial cells. 
[4] 

E-cadherin ECAD CDH1 

Transmembrane glycoprotein mediating 

intercellular adhesion. Its loss in tumors as a result 

of EMT contributes to metastatic dissemination. Re-

expressed in metastatic sites. Involved in tumour 

cells clusters formation. 

[5–7] 

Mesenchymal 

markers 

Vimentin VIM VIM 
Intracellular intermediate filament of mesenchymal 

cells, constituting their cytoskeleton. 
[8] 

N-cadherin NCAD CDH2 

Transmembrane protein expressed in cells of 

mesenchymal origin, mediates cell-cell adhesion. Its 

increased expression is correlated with 

downregulation of E-cadherin in so called cadherin 

switch. Forms weaker adherent junctions between 

adjacent cells, what increases their motility. 

[9,10] 
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Plastin-3 PLS3 PLS3 

Potential marker of breast and colorectal cancer 

CTCs in all EMT stages. Enables tumour to form 

metastases, avoid anoikis and survive during 

therapy. Its high expression in human cancer cell 

lines correlate with mesenchymal, stemness and 

metastasis-related genes expression. 

[11,12] 

Invasion and 

metastasis-

related genes 

C-X-C chemokine 

receptor type 4 
CXCR4 CXCR4 

Protein overexpressed in breast cancer cell lines, 

involved in determination of metastatic destination 

of tumour cells and their migration. 

[13] 

Urokinase (uPA) 

receptor 
uPAR PLAUR 

Part of uPA system, which is involved in processes 

causing metastases. Overexpressed in malignant 

tumours in contrast to corresponding normal 

tissues. Its high level in tumours (among others in 

BCs) correlates with poor prognosis. 

[14,15] 

Stem cell 

markers 

CD44 molecule CD44 CD44 

Hyaluronan receptor involved in interaction with 

tumour stroma, extravasation, migration, survival 

and apoptosis resistance. Upregulated in cells with 

stem cells properties. 

[16–18] 

Homeobox protein 

NANOG 
NANOG NANOG 

Transcription factor positively regulating EMT and 

promoting tumorigenesis and metastasis. Required 

for maintaining the pluripotency of embryonic stem 

cells. 

[19–21] 

Aldehyde 

dehydrogenase 1 

family member A 

ALDH1 ALDH1A1 

Upregulated in mammary epithelial cells with stem 

properties. Associated with increased 

tumorigenesis. 

[22,23] 

CD133 molecule 

(prominin-1) 
CD133 PROM-1 

Transmembrane protein associated with 

maintaining stem cell properties. Factor of poor 

prognosis in BC. 

[24,25] 
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Octamer-binding 

transcription factor 4 

(POU domain, class 5, 

transcription factor 1) 

OCT-4 POU5F1 

Involved in maintenance of self-renewal in 

embryonic stem cells. Expressed in human BC stem-

like cells. Induces expression of NANOG and 

promotes EMT. 

[19,21,26,27] 

Cluster 

formation 

marker 

Plakoglobin (junction 

plakoglobin/ gamma-

catenin) 

PKBG JUP 

Directly involved in tumour spread and CTCs-

clusters formation. Its high expression in PT in BC 

patients is a factor of poor prognosis. 

[7,28] 
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Table S2. Relative expression level of all genes tested in qPCR in CTCs-positive breast cancer patients (N = 19) and healthy controls (N = 22). Gene expression level 

is scaled to the sample with the lowest detected expression of a given gene. 

Breast cancer patients 

Gene 
Number of Samples * % of Positive 

Samples 
Average Expression SD Median 

Expression 

Minimum 

Expression 

Maximum Negative Positive 

General breast cancer markers 

MGB1 12 7 37 119.75 224.41 0.00 0.00 718.00 

HER2 5 14 74 23.87 27.46 12.6 0.00 96.50 

Epithelial markers 

CK19 12 7 36 42.40 127.47 0.00 0.00 551.60 

CDH1 10 9 47 67.90 103.47 25.15 3.46 384.84 

Mesenchymal markers 

VIM 11 8 42 27.45 20.77 23.08 2.62 63.13 

CDH2 18 1 5 67.90 103.47 25.15 3.46 384.84 

PLS3 11 8 42 8.21 10.02 4.09 0.00 39.57 

Invasion-related genes 

CXCR4 8 11 58 9.79 12.24 5.96 0.00 48.42 

uPAR 3 16 84 32.31 35.07 28.66 0.00 118.80 

Stem cell markers 

CD44 19 0 0 51.15 51.51 47.81 0.00 186.02 

NANOG 13 6 32 23.13 22.61 16.95 0.00 65.46 

OCT-4 15 4 21 54.18 64.39 29.05 0.00 225.23 

ALDH1 5 13 72 162.38 176.33 96.98 0.00 582.56 

CD133 16 3 16 63.41 157.71 19.40 0.00 706.81 

Cluster formation-related gene 

JUP 12 7 37 83.27 123.43 34.58 0.00 528.64 

Healthy controls 
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Gene    Average Expression SD Median 
Expression 

Minimum 

Expression 

Maximum 

General breast cancer markers 

MGB1    0.00 0.00 0.00 0.00 0.00 

HER2    0.00 0.00 0.00 0.00 0.00 

Epithelial markers 

CK19    0.00 0.00 0.00 0.00 0.00 

CDH1    6.71 8.39 3.12 0.00 25.00 

Mesenchymal markers 

VIM    13.00 9.40 11.4 0.00 30.7 

CDH2    7.84 15.83 0.00 0.00 48.92 

PLS3    2.33 1.84 2.39 0.00 4.94 

Invasion-related genes 

CXCR4    0.40 1.40 0.00 0.00 4.54 

uPAR    0.00 0.00 0.00 0.00 0.00 

Stem cell markers 

CD44    75.73 87.61 32.21 0.00 272.83 

NANOG    7.05 10.17 2.03 0.00 31.02 

OCT-4    21.51 24.74 17.57 0.00 76.25 

ALDH1    10.36 11.53 9.66 0.00 36.13 

CD133    13.12 21.75 1.88 0.00 66.37 

Cluster formation-related gene 

JUP    16.67 16.19 10.46 0.00 44.15 

* Classification into positive and negative was based on the highest expression in healthy controls (applied cut-off level). 
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Table S3. Spearman correlations coefficients (ρS) between CD45 expression and mesenchymal 

markers (VIM, CDH2 and PLS3) expression analysed in CTCs-enriched blood fractions of breast 

cancer patients. CTCs positive samples correlations are subdivided into (i) marker-positive and 

marker-negative samples based on the maximal cut-off level recorded in healthy controls, or (ii) into 

phenotypes of CTCs-EBF (epithelial, mesenchymal, epithelial-mesenchymal). Statistically significant 

(p < 0.05) results are marked in bold. 

 

Table S4. Univariate and multivariate analysis showing the risk of death of breast cancer patients 

depending on the clinical variable. 

 

 

 

 

Variable–CTCs Class 

Mesenchymal Markers 

VIM CDH2 PLS3 

ρS p ρS p ρS p 

CTCs-negative 0.89 <0.001 0.14 0.492 −0.16 0.432 

CTCs-positive 

All samples 0.86 <0.001 0.45 0.052 0.08 0.783 

Marker-positive 0.02 0.955 - - −0.50 0.207 

Marker-negative 0.78 0.004 0.41 0.092 0.45 0.164 

Epithelial 0.82 0.023 0.04 0.937 0.05 0.908 

Mesenchymal −0.31 0.544 −0.20 0.704 −0.60 0.208 

Epithelial-

Mesenchymal 
0.94 0.005 0.43 0.397 −0.43 0.397 

Variable 
Univariate Analysis Multivariate Analysis 

HR 95% CI p HR 95% CI p 

T stage (2–4 vs. 1) 1.00 1–1.01 0.62 1 0.99–1.00 0.86 

N stage (N+ vs. N−) 3.49 0.70–17.33 0.12 3.70 0.72–19.06 0.12 

Grading (2–3 vs. 1) 0.97 0.90–1.04 0.38 0.97 0.90–1.05 0.50 

HR status (HR+ vs. HR−) 1.46 0.18–11.86 0.72 1.47 0.16–13.02 0.73 

HER2 status (HER2+ vs. 

HER2−) 
0.86 0.17–4.24 0.85 0.83 0.14–4.94 0.84 


