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Abstract 

Purpose: Status of epithelial-mesenchymal transition (EMT) varies from tumor to 

tumor. Epithelial cell adhesion molecule (EpCAM) and cell surface vimentin (CSV) 

are the most common used targets for isolating epithelial and mesenchymal CTCs, 

respectively. This study aimed to identify a suitable CTC capturing antibody in each 

solid tumor for CTC enrichment by comparing CTC detection rates with EpCAM and 

CSV antibodies in different solid tumors. 

Methods: Treatment-naive patients with confirmed cancer diagnosis and healthy people 

who have performed CTC detection between April 2017 and May 2018 were included 

in this study. CTC detection was performed with CytoSorter® CTC system using either 

EpCAM or CSV antibody. In total, 853 CTC results from 690 cancer patients and 72 

healthy people were collected for analysis. The performance of CTC capturing antibody 

was determined by the CTC detection rate. 

Results: EpCAM has the highest CTC detection rate of 84.09% in CRC, followed by 

BCa (78.32%). CTC detection rates with EpCAM antibody are less than 40% in HCC 

(25%), PDAC (32.5%) and OC (33.33%). CSV has the highest CTC detection rate of 

90% in sarcoma, followed by BC (85.71%), UC (84.62%), OC (83.33%) and BCa 

(81.82%). CTC detection rates with CSV antibody are over 60% in all 14 solid tumors. 

Except for CRC, CSV has better performances than EpCAM in most solid tumors 

regarding the CTC detection rates. 

Conclusion: EpCAM can be used as a target to isolate CTCs in CRC, LC, GC, BCa, 

EC, HNSCC, CC and PCa, especially in CRC, while CSV can be used in most solid 

tumors for isolating CTCs. 
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Introduction 

Circulating tumor cells (CTCs) are tumor cells that have shed from tumor tissues 

and escaped into circulation [1]. CTCs are circulating within the bloodstream and can 

recolonize a distant site under a suitable condition, a phenomenon called metastasis, 

which is the main cause of death in most cancer patients [1]. CTCs represent the 

undergoing process of metastasis and therefore American Joint Committee on Cancer 

(AJCC) has introduced a new cancer stage, cM0 (i+), in the 7th edition of Staging 

Manual for breast cancer (BCa) [2]. cM0 (i+) is defined as a tumor stage when no 

clinical or radiographic evidence of distant metastases is found, but tumors cells are 

still detected in the bone marrow, blood or distant non-regional lymph nodes [2]. The 

clinical values of CTCs have been written in the Chinese expert consensus in lung 

cancer (LC), colorectal cancer (CRC), BCa, esophageal cancer (EC), hepatocellular 

carcinoma (HCC) and pancreatic cancer [3-8], and demonstrated in the prediction of 

patients’ prognosis, monitoring of tumor recurrence, cancer diagnosis and screening, 

evaluation of the treatment responses, and guidance of treatment [1].   

It is estimated that 3.2 × 106 tumor cells detach from one gram of tumor tissue 

per day [9], but most of them quickly proceed to apoptosis due to the loss of adhesion 

to the extracellular matrix, hemodynamic shear forces, or attacks from the immune 

systems [1, 9], which contributes to the first characteristics of CTCs, the rarity. The 

second characteristic of CTCs is the heterogeneity. Even CTCs from the same patients 

may differ in terms of cell size, morphology, and gene expression. An ideal CTC 

detection platform allows for enrichment of all heterogeneous CTCs, while discarding 

the majority of the surrounding blood cells. Thus, the first step of CTC detection is to 



isolate CTCs from the background of blood cells, followed by an identification step that 

can further distinguish (and possibly characterize) CTCs from the remaining cells. 

Many techniques have been developed to enrich CTCs, depending on either the unique 

biophysical or biochemical properties of CTCs [10]. Biophysical methods, also known 

as label-free methods, separate CTCs by size, density, electric charge, and deformability, 

while biochemical methods rely on the recognition of different surface biomarkers 

between CTCs and leukocytes. An ideal biomarker for CTCs isolation should be some 

surface molecules expressed universally and only on CTCs. Unfortunately, such 

molecule is not yet found. The most commonly used target for positive immuno-

selection of CTCs is the epithelial cell adhesion molecule (EpCAM) [1], a cell surface 

glycoprotein typically over-expressed in epithelial cancer cells. EpCAM is not 

expressed on tumors of mesodermal and ectodermal origin, such as neurogenic tumors, 

sarcomas, melanomas, or lymphomas [11]. As the first and only US Food and Drug 

Administration (FDA) approved CTC detection technique, CellSearch® uses EpCAM 

antibody functionalized magnetic beads and cytokeration (CK) antibody to capture and 

identify CTCs, respectively [12]. A major drawback of EpCAM based methods is their 

inability to detect EpCAM negative CTCs. Epithelial-mesenchymal transition (EMT) 

is a cellular process in which adherent epithelial cells acquire a migratory mesenchymal 

phenotype, and usually observed during morphogenesis at the time of embryonic 

development [13]. Studies have shown that EMT is quite common in tumor and plays 

an important role during metastasis, allowing tumor cells to become more aggressive, 

chemo-resistant and invasive [13-15]. CTCs that have undergone EMT survive better 

in the circulation. EMT process is usually accompanied by the over-expression of 



mesenchymal markers, such as vimentin, N-cadherin and Twist, while reducing 

expression of epithelial makers, such as EpCAM, cytokeratin (CK) and E-cadherin [16]. 

Thus, EMT induces  the generation of EpCAM-negative CTCs. In fact, CTCs at 

different EMT states could be found in the circulation [17-18]. EpCAM antibody might 

not be able to capture the EpCAM-negative CTCs, which should be the majority of 

surviving CTCs in the circulation.. 

Vimentin, a 57kDa intermediate filament protein, is a major cytoskeleton 

component of mesenchymal cells [19]. As EMT of cancer cells induces the over-

expression of vimentin and translocation of vimentin to the cell surface [19], Satelli et 

al tried to raise an antibody against cell surface vimentin (CSV) to capture the EMT 

type of CTCs [20]. CTCs captured by CSV antibody expressed other EMT markers as 

well, such as Snail, Slug and Twist, suggesting that CSV could be used as a marker to 

isolate EMT type of CTCs [20]. Uses of CSV antibody to capture mesenchymal CTCs 

have been validated in breast, prostate, colorectal and pancreatic cancers [21-24 ]. 

Mesenchymal CTCs are believed to have more clinical significance. The presence of 

mesenchymal CTCs is usually associated with disease progression and worse prognosis 

[25]. In a comparative study between early and metastatic patients of BCa, 

mesenchymal CTCs were identified in 73% and 100% of patients [26]. Furthermore, 

expression of mesenchymal markers correlates with lymph node involvement. Taken 

together, it, suggests that the EMT phenotype is directly related to the metastatic 

potential of CTCs [27]. 

CTCs are a collection of heterogeneous cells, comprising either epithelial or 

mesenchymal or intermediate phenotype [17-18]. Tan et al showed that every cancer 



has an unique cancer-specific EMT signature and EMT spectrums varied between 

different cell lines and tumors [28]. EpCAM and CSV can be used as targets to isolate 

the epithelial and mesenchymal subtypes of CTCs, respectively. Studies in breast and 

pancreatic cancers have shown the use of CSV is more efficient to capture CTCs than 

EpCAM [21, 24]. This study aimed at defining a suitable CTC enrichment antibody for 

each solid tumor by comparing the CTC detection rates with EpCAM or CSV 

antibodies in different solid tumors.  

 

Methods and Materials 

Patients 

It is a retrospective study. Cancer patients or healthy individuals who have 

performed CTC detection between April 2017 and May 2018 in Zhejiang University 

Medical College Affiliated Sir Run Run Shaw Hospital, Zhejiang University Medical 

College Second Affiliated Hospital and Zhejiang Cancer Hospital were included in the 

study. Inclusion criteria for cancer patients were as follows: (1) patients were diagnosed 

with confirmed cancer; (2) patients were treatment-naive before CTC detection; (3) 

patients had negative history of other malignancy within five years prior CTC detection. 

Patients of the following descriptions were excluded and rejected from the study: (1) 

patients were pregnant or breast-feeding at time of CTC detection or surgery; (2) 

patients with more than one type of cancer; (3) patients had other conditions which 

investigators thought was not suitable for the study. Healthy people were defined as 

people without any clinical symptoms of any disease at time time of CTC detection. In 



total, 72 healthy people and 690 cancer patients were recruited, comprising 140 LC, 85 

CRC, 92 BCa, 70 gastric cancer (GC), 66 pancreatic ductal adenocarcinoma (PDAC), 

50 cervical cancer (CC), 54 with head and neck squamous cell carcinoma (HNSCC), 

31 EC, 21 brain cancer (BC), 19 HCC, 25 prostate cancer (PCa), 14 ovarian cancer 

(OC), 13 bladder cancer (UC), and 10 sarcoma. Detailed participant information was 

summarized in the supplement Table 1. This study followed the principles established 

in the Declaration of Helsinki and was approved by the ethics committee of each 

participated hospitals with IRB number, Qi Xie Lin Chuang Shi Yan 20180427-1, 

（2018）Lun Shen Shi Ji Di（013）Hao, and 2015-01-45 Hao, respectively.  

CTC detection 

A total of 853 CTC results from 690 cancer patients and 72 healthy people were 

collected. 341 and 512 people had CTC detection for epithelial and mesenchymal CTCs, 

respectively, while 91 cancer patients had CTC detection for both epithelial and 

mesenchymal CTCs at same time. CTCs were detected by CytoSorter® (Hangzhou 

Watson Biotech, Hangzhou, China), using CytoSorter® circulating epithelial cells 

detection kit (EpCAM) and/or mesenchymal cells detection kit (CSV).  

CytoSorter® technology employs the positive selection for CTCs by utilizing a 

streptavidin nanoarray on a Chip, CytoChipNano, which can be then coated with the  

biotin-labeled capturing antibody, and immunofluorescence staining, in order to isolate 

and identify CTCs. CytoSorter® can be used with any biotin-labeled antibody to capture 

desired targeted CTCs. EpCAM and CSV antibodies were coated on the chips 

separately to enrich the epithelial and mesenchymal types of CTCs, respectively. 

Epithelial CTCs are identified as PanCK-positive, CD45-negative and DAPI-positive 
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cells, while mesenchymal CTCs are identified as CSV-positive, CD45-negative and 

DAPI-positive cells. CTC detection procedure was following the manufacturer protocol 

and was described in the previous study [24, 29]. An epithelial CTC was identified as 

a PanCK-FITC+, CD45-PE-, and DAPI+ cell, while a mesenchymal CTC was 

identified as a CSV-FITC+, CD45-PE-, and DAPI+ cell. 

Statistical analysis 

As recruited patients were at different cancer stages with different solid tumors, 

only CTC detection rates, were analyzed among different cancers. Only CTC 

enumerations from the same patients’ blood drawings with different capturing 

antibodies would be compared. Statistical analysis was performed using Prism 5.0 

(Graphpad, La Jolla, CA, USA). Analysis of two groups of data for the differences 

between the enumerations was determined using a student's t test. A two-sided p value 

less than 0.05 was considered statistically significant.  

 

Results 

Identification of epithelial CTCs in different solid tumors 

As shown in Table 1, 341 CTC results for epithelial CTC, 318 cancer patients with 

12 different solid tumors and 23 healthy people, were included for analysis . An 

epithelial CTC is shown in Figure 1A as indicated by the yellow arrow. CTCs were 

detected in 197 out of 318 cancer patients, and 2 out of 23 healthy people as shown in 

Table 1. Healthy people usually have CTCs no more than 2, while cancer patients have 

usually CTCs more than 1. Epithelial CTCs detected by CytoSorter® might be used as 



a diagnostic aid for cancer screening with a sensitivity and specificity of 0.619 and 

0.913, respectively. Average CTC detection rate with EpCAM is 61.95%. No epithelial 

CTC was found in sarcoma patients, which is in accordance with the expectation since 

sarcoma is a mesenchymal type of tumors. As shown in Figure 2A, EpCAM has the 

highest CTC detection rate of 84.09% in CRC, followed by BCa (78.32%). EpCAM 

has CTC detection rates less than 50% in HCC (25%), PDAC (32.5%) and OC (33.33%). 

The CTC detection rate is not associated with patients’ gender or age (both P > 0.05). 

Identification of mesenchymal CTCs in different solid tumors 

512 CTC results for mesenchymal CTCs, including 463 cancer patients with 14 

different solid tumors and 49 healthy people, were collected for analysis. A 

mesenchymal CTC is shown in Figure 1B as indicated by the yellow arrow. 

Mesenchymal CTCs were detected in 325 out of 463 cancer patients, and in 5 out of 49 

healthy people as shown in Table 1. Like the EpCAM-based kit, healthy people have a 

maximum of 1 CTC detected, while cancer patients have usually more than 1 CTCs. 

Thus, it indicates as well that mesenchymal CTCs captured by CSV antibody might be 

used as a screening aid for cancers with a sensitivity and specificity of 0.702 and 0.898, 

respectively.. CSV has the highest CTC detection rate of 90% in the mesenchymal 

cancer, sarcoma. Beside sarcoma, CSV has the highest CTC detection rate of 85.71% 

in BC, followed by UC (84.62%), OC (83.33%) and BCa (81.82%). As shown in Figure 

2B, CTC detection rates with CSV in all 14 solid tumors are all over 60%, with an 

average detection rate of 70.19%. The CTC detection rate is not associated with patients’ 

gender or age (both P > 0.05). 



Comparison of CTC detection rates with EpCAM or CSV antibody in 12 different solid 

tumors 

As shown in Table 1 and Figure 2C, CSV has better performances than EpCAM 

in most cancers in regarding CTC detection rates, except for CRC. In CRC, EpCAM 

has a higher CTC detection rate of 84.09% than CSV (67.35%). CSV shows much better 

performances of 67.39%, 73.68% and 83.33%, than EpCAM (32.5%, 25% and 33.33%, 

respectively) in PDAC, HCC and OC. In LC and EC, CSV performs slightly better than 

EpCAM (77.55% VS 61.29% and 71.43% VS 57.14%, respectively. In BCa, GC, 

HNSCC, CC and PCa, CSV and EpCAM have similar performances. 

Comparison of CTC enumerations with EpCAM and CSV antibodies from the same 

blood drawings in the same patients 

91 recruited cancer patients had performed CTC detection by EpCAM and CSV 

antibodies at same time, including 20 LC, 8 CRC, 20 PDAC, 10 GC, 10 BCa, 4 HCC, 

8 CC, 4 EC, 4 OC and 3 sarcoma. Results are shown in Table 2 and supplement Figure 

1. CTC detection rates with CSV are higher than those with EpCAM. Although there is 

no statistical significance, patients with more epithelial CTCs tend to have more 

mesenchymal CTCs. CSV is more efficient to capture CTCs in PDAC patients than 

EpCAM as shown in Table 2 (P = 0.0011). As for other cancers, no correlation is found 

between CTC enumerations by EpCAM and CSV. 

 

Discussions 
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Our results show that both EpCAM and CSV have different CTC detection rates 

among different solid tumors. Especially for EpCAM, the rates vary a lot from 84.09% 

in CRC to 25% in HCC. CTC detection rates with EpCAM antibody are quite in 

accordance with EpCAM expression profiles in different cancers. According to the 

Cancer Genome Atlas (TCGA) dataset, EpCAM is expressed in the cytoplasm and cell 

membranes of glandular cells, and most abundant in the gastrointestinal tract (colon, 

rectum and gallbladder) and thyroid gland as shown in supplement Figure 2 [30]. 

Furthermore, CRC has the lowest EMT score among all cancers [28]. Taken together, 

the high expression of EpCAM in colon and rectum and low EMT in CRC might 

explain why EpCAM has the highest CTC detection rate in CRC [28, 30-31]. On the 

contrary, there is a very low expression of EpCAM in the ovary and liver [30-31]. 

Therefore, EpCAM have lower CTC detection rates of 33.33% and 25% in OC and 

HCC, respectively. EpCAM is moderately expressed in lung, nasopharynx, breast, 

cervix, male organs and pancreas [30], and thus CTC detection rates are ranged mostly 

from 50% to 70% in these relevant solid tumors. Studies have shown that more 

mesenchymal CTCs would be found in patients at advanced cancer stage [26] and 

patients with more mesenchymal CTCs have higher metastasis potentials [18]. 

Although EpCAM is moderately expressed in pancreas, the CTC detection rate is only 

32.5%. It may be due to that most PDAC patients enrolled in this study were already at 

advanced cancer stage at time of diagnosis.  

Due to the vimentin’s unique characteristics of translocating from intracellular 

region to the cell surface in cells undergoing EMT [32], CSV has been proposed to be 

the target for the isolation of mesenchymal CTCs [20]. Our results show that the use of 



CSV antibody to detect CTCs would generate higher CTC detection rates in most solid 

tumors compared to the EpCAM, which is consistent with previous findings in BCa 

and PDAC [21, 24]. Furthermore, CTC detection rates with CSV are all over 60% in 

general. Regarding the CTC detection rates, CSV performs much better than EpCAM 

in PDAC, HCC and OC. As reported by the TCGA dataset, HCC has low, while OC has 

high EpCAM expression [30]. However, both have high EMT scores [28], indicating 

most cancer cells from HCC and OC would undergo EMT, which might explain why 

CSV antibody performs better in these two cancers.    

Although EpCAM is highly expressed in gastrointestinal tract [30], EpCAM has a 

CTC detection rate of only 51.72% in GC, where CSV also has a low CTC detection 

rate of 62.75%. GC has a low EMT score and hematogenous metastasis is a rare 

phenomenon in early stage of GC, which might explain the overall low CTC detection 

rates by both antibodies in GC. We compared the CTC counts with both EpCAM and 

CSV methods from the same blood drawing in 91 cancer patients and only results from 

the PDAC patients show statistical significance. It may be explained by the limited 

sample sizes or that PDAC patients recruited were at advanced cancer stage while 

patients of other cancers were at mixed cancer stages..  

Both EpCAM and CSV can generate false-positive results in healthy controls, but 

CTC counts in healthy controls are usually less than 2. The reason for the false-positive 

results with EpCAM method might be due to the potential skin epithelial cell 

contamination from venipuncture. CSV cannot only be seen in EMT type of cancer 

cells, but also in apoptotic neutrophils, some virus-infected cells and in  

myofibroblasts and activated stellate cells [33-35]. CSV expression is shown to have 



correlations with metastatic phenotype in aggressive cancer and sarcoma [19-21]. 

Expression of CSV on activated macrophages, platelets and apoptotic T lymphocytes 

evidenced its participation in human neutrophil spontaneous apoptosis and further 

corroborated its association with inflammatory diseases and signaling [33]. As a 

putative anti-viral drug target, CSV takes part in viral multiplication by facilitating the 

internalization of virions [34]. Therefore, false-positive results with CSV method might 

be observed in people with inflammatory diseases, virus infection or fibrosis lesion [33-

35]. Vimentin is normally expressed in mesenchymal cells, such as white blood cells 

(WBC), as a component of cytoskeleton [19]. A damaged WBC might also lead to false-

positive results.  

Although EMT can increase tumor cells’ invasiveness, promote tumor cells’ 

intravasation and ensure tumor cells’ survival in the circulation [36], the role of 

mesenchymal CTCs in metastasis remains under debate [37-38]. Some believe that 

EMT is of great importance in the formation of metastases [14, 17], while others think 

EMT might have been overestimated and have suggested that EMT is not required for 

metastasis [37-38]. A recent in vivo animal study demonstrated that epithelial CTCs 

with restricted mesenchymal transition are a major source of metastases in BCa [39]. 

Still more studies support that mesenchymal CTCs are more important to predict 

patients’ survival outcomes [17, 40-41]. But evidences suggest that poor prognosis of 

patients with more mesenchymal CTCs might be due to the increased chemoresistance 

rather than metastasis potential [42-43]. The EMT spectrums differ from tumors to 

tumors [28]. A low EMT score does not indicate a restricted metastasis potential. 



Although CRC has the lowest EMT score, it can still easily develop metastasis. Each 

cancer may use different strategies to proceed metastasis. 

This study aimed to identify a suitable CTC capturing antibody in each solid tumor. 

The major drawbacks of this study are the fact that it is a retrospective study, the limited 

sample size and capturing antibodies tested. Only LC, BCa, and GC have sample sizes 

more than 50, and no patients with benign tumors were included for the analyses. Due 

to the small sample size, no correlation of CTCs with patients’ pathological 

characteristics is found in most solid tumor. As there is no universal biomarker for 

cancer, we compared the CTC detection efficiency in each solid tumor with EpCAM or 

CSV antibody. Although EpCAM and CSV are considered as common targets for 

epithelial and mesenchymal CTCs, respectively, antibodies against tissue specific 

antigen, such as human epidermal growth factor receptor 2 (HER2) for BCa and 

prostate specific membrane antigen (PSMA) for PCa, should be also included in this 

study. CTCs are heterogeneous, therefore, no single CTC captuing antibody is able to 

isolate all CTCs. Combination of multiple capturing antibodies should increase the 

CTC detection efficiency. It is reported that combined antibodies against folic acid (FA), 

epidermal growth factor receptor (EGFR) and vimentin can increase the CTC detection 

rate in LC [44]. Thus, combination of multiple CTC capturing antibodies should be also 

included in this study. 

Our results show that EpCAM and CSV antibodies have different CTC detection 

rates across different tumors. Both EpCAM and CSV are not perfect markers for the 

isolation of CTCs. EpCAM is not expressed in every epithelial tumor [30] and may be 

lost in cells undergoing EMT [16]. CSV is expressed in EMT cells, apoptotic 
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neutrophils, virus-infected cells and myofibroblasts [19, 33-35]. The use of CSV to 

detect CTCs in the blood may generate some false-positive results. Since there is 

currently no other better markers, both are acceptable to detect CTCs in certain tumors. 

Based on our results, EpCAM can be used to isolate CTCs in EpCAM highly expressing 

tumors and in tumors with low EMT scores, such as CRC, LC, GC, BCa, EC, HNSCC, 

CC and PCa. CSV can be generally used to enrich CTCs in most solid tumors with 

acceptable CTC detection rates more than 60%.  

Conclusions 

The results of this retrospective study showed that EpCAM can be used as a target 

to isolate CTCs in CRC, LC, GC, BCa, EC, HNSCC, CC and PCa, but not suitable in 

PDAC, HCC and OC, while CSV can be used in most solid tumors. However, these 

results should be prospectively validated with bigger sample sizes. 

 

• Ethical approval 

This study followed the principles established in the Declaration of Helsinki and was 

approved by the ethics committee of Zhejiang University Medical College Affiliated 

Sir Run Run Shaw Hospital, Zhejiang University Medical College Second Affiliated 

Hospital and Zhejiang Cancer Hospital with IRB number, Qi Xie Lin Chuang Shi Yan 

20180427-1, （2018）Lun Shen Shi Ji Di（013）Hao, and 2015-01-45 Hao, respectively.  

 

• Informed consent 
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Written informed consent was obtained from each patient and healthy individual. 
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