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Epithelial-mesenchymal transition classification of circulating
tumor cells in lung and colon cancer patients: potential role in
clinical practice
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Background: Tumor cells undergoing epithelial-mesenchymal transition (EMT) display enhanced ability
to enter the circulation, thereby being major source of circulating tumor cells (CTCs). In this study, we
aimed to better understand the roles of CTC undergoing EMT in monitoring cancer progression.
Methods: We analyzed gene expression profiling of epithelial and mesenchymal markers in lung or colon
tumor samples by mining TCGA database. We detected CTCs and classify their EM'T phenotypes of 31
patients with lung or colon cancer by using a CanPatrol CT C-enrichment technique.

Results: The bioinformatic analysis indicated that mesenchymal markers were expressed in a subset of lung
tumor samples, and its high expression was associated with poor survival of lung cancer patients. However,
in colon cancer, majority of tumor samples expressed hybrid epithelial/mesenchymal markers. CTC analysis
with EMT classification showed that the number of CTCs with mesenchymal phenotype was high in lung
cancer patients with the advanced stage. Dynamic CTC analysis in a lung cancer patient indicated that
CTC with mesenchymal phenotype was effective to monitor tumor progression. In a colon cancer patient,
dynamic CTC analysis indicated that CTC with hybrid epithelial/mesenchymal phenotypes was an effective
biomarker to guide therapy.

Conclusions: Encouraging results from this proof-of-concept study show that CTC with mesenchymal
phenotype or hybrid epithelial/mesenchymal phenotypes could be a potential biomarker for monitoring

tumor progression in lung or colon cancer respectively.
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Introduction

Circulating tumor cells (CTCs) have been shown as a
potential biomarker to noninvasively monitor cancer
progression and guide therapeutic decisions (1). Primary
tumors to release CTCs that travel through the bloodstream
and spread to distant sites is responsible for metastasis.
Epithelial-mesenchymal transition (EMT) is a key process
for cancer metastasis that involves down-regulation of
epithelial markers such as epithelial cell adhesion molecule
(EpCAM) and cytokeratins (CKs) and up-regulation of
mesenchymal markers such as vimentin and TWISTT in
tumor cells. Therefore, the EMT process endows cancer
cells with migratory and invasive properties and promotes
CTCs formation (2).

CTC isolation and identification techniques are most
commonly based on the detection of epithelial markers (i.e.,
EpCAM and CKs). Epithelial antigen-based approaches
could not detect some aggressive CTC subpopulations that
have undergone EMT. This has stimulated the detection of
EMT-shifted CTCs for monitoring cancer progression and
guiding therapy (3). Yu et 4. have demonstrated that the
increase in mesenchymal CTCs was associated with disease
progression, and the shift from mesenchymal phenotype
(M phenotype) to epithelial phenotype (E phenotype) was
response for therapy in breast cancer (4). Wei et 4l. have
demonstrated that the mesenchymal marker vimentin-
positive CTC was an effective biomarker for predicting
recurrence-free survival and monitoring the response to
treatment in patients with pancreatic cancer (5). Recently,
a new CanPatrol CTC-enrichment technique has been
reported. This technique can classify CTCs into three
subpopulations (E phenotype, M phenotype and hybrid E/M
phenotypes) by probing epithelial and mesenchymal markers
(e.g., EpCAM, E-cadherin, CK8/18/19, vimentin, and
Twist) through RNA i situ hybridization (RNA-ISH) (6).
Using the CanPatrol CTC-enrichment technique, Qi et 4.
have found that CTC count >16 and mesenchymal-CTC
percentage >2% in liver cancer were significantly related
to the early recurrence, multi-intrahepatic recurrence
and lung metastasis (7). These studies suggest that EMT
classification of CTC could provide important information
for tumor progression.
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Since CTCs originate from primary tumors, we
firstly investigated the EMT phenotype in lung or colon
clinical tumor samples by mining TCGA database. The
bioinformatic analysis found that the high expression of
mesenchymal markers was associated with poor survival of
the patients with lung cancer. However, unlike lung cancer,
in colon cancer most of tumor samples exhibited the hybrid
expression spectrum of epithelial and mesenchymal markers.
Therefore, the new finding based on the bioinformatic
analysis promoted us to test whether CTC with
mesenchymal phenotype or CTC with hybrid epithelial/
mesenchymal phenotypes was an effective biomarker for
monitoring tumor progression in lung or colon cancer
respectively, by using the Canpatrol CTC EMT analysis
technique.

We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
ter-20-2235).

Methods
Patient samples

From January 2019 to December 2019, a total of 31 patients
with lung or colon cancer at the Hefei Cancer Hospital,
Chinese Academy of Sciences (Hefei, Anhui, China) were
enrolled.

The study was approved by the Ethics Committee of
Hefei Cancer Hospital (reference number: 2019KY011) and
written informed consent was obtained from all participants.
This study was conducted in accordance with the World
Medical Association Declaration of Helsinki (as revised in
2013).

CTC test with epithelial and mesenchymal markers

Peripheral blood samples (5 mL) were collected for CTC
test using the Canpatrol CTC analysis system (SurExam,
Guangzhou, China). Red blood cell lysis buffer was used
to remove erythrocytes, and the cells were resuspended in
PBS with 4% formaldehyde (Sigma) for 5 minutes. The
fixed cells were filtered through a membrane with 8 pm
diameter pores (SurExam, Guangzhou, China). The
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cells on the membrane were subjected to RNA-ISH with
the probes, CD45 (leukocyte biomarker), EpCAM and
CK8/18/19 (epithelial biomarkers), as well as Vimentin and
Twist (mesenchymal biomarkers). DAPI was used to stain
the nuclei, and the cells were analyzed with a fluorescent
microscope (Zeiss, Germany).

TCGA data mining

By mining the TCGA data of lung adenocarcinoma, lung
squamous cell carcinoma and colon adenocarcinoma,
mRNA expression levels (z-score threshold * 2) of epithelial
biomarkers (EpCAM and CK8/18/19), and mesenchymal
biomarkers (Vimentin and Twist) were analyzed.
OncoPrinter and heatmap were generated with the
cBioPortal online tool (8,9). The correlation of epithelial
and mesenchymal biomarkers’ expression with patients’
survival was generated with the cBioPortal online tool. The
expression of epithelial and mesenchymal biomarkers in
lung and colon cancers with different stages was generated
with GEPIA2 online tool (10).

Statistical analysis

All data were analyzed using PRISM4 Software (GraphPad
Software, Inc., La Jolla, CA, USA). Statistical analysis was
performed using an unpaired 7-test. Results were considered
as statistically significant when P<0.05.

Results

TCGA database mining indicates that bigh expression of
mesenchymal markers is associated with poor survival of
patients with lung cancer

To indicate the role of EMT in the development of
lung cancer, we firstly examined the association of EMT
markers with clinicopathological characteristics by mining
TCGA database. The OncoPrinter plot indicated that
mesenchymal markers (Twist and Vimentin) were highly
expressed in 7% and 2.6% of tumor samples of lung
adenocarcinoma, as well as in 4% and 4% of tumor samples
of lung squamous cell carcinoma. The heatmap showed that
epithelial markers (E-cadherin and CK8/18/19) were able
to cluster together, while mesenchymal markers (Twist and
Vimentin) were clustered together. The tumor samples of
lung adenocarcinoma and lung squamous cell carcinoma

could be classified into three phenotypes, E phenotype
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with the expression of epithelial markers, M phenotype
with the expression of mesenchymal markers, and hybrid
E/M phenotypes with the expression of epithelial and
mesenchymal markers (Figure 14,B).

Surprisingly, we found that the high expression of
mesenchymal markers in tumor samples was significantly
correlated with poor overall survival of patients with lung
adenocarcinoma. Although the high expression of epithelial
markers was also significantly correlated with poor overall
survival, the correlation was more significant in patients
with the high expression of mesenchymal markers than
patients with the high expression of epithelial markers
(Figure 1C). Furthermore, in lung adenocarcinoma, we
found that the expression of epithelial markers CK8 and
CKI18 was significantly higher in tumor samples of advanced
stage compared with early stage. In lung squamous cell
carcinoma, the expression of mesenchymal marker Twist was
significantly higher in tumor samples of stage IV (Figure 2).
Taken together, these results suggest that mesenchymal
markers are expressed in a subset of lung cancer patients
with poor prognosis. Therefore, CTC detection with
mesenchymal markers may provide useful information for
cancer progression in lung cancer.

TCGA database mining indicates that majority of the
tumor samples of colon cancer express bybrid epithelial/
mesenchymal markers

We also examined the expression pattern of EMT markers
as well as their clinical association in colon cancer by
mining TCGA data. The OncoPrinter plot indicated that
mesenchymal markers (Twist and Vimentin) were highly
expressed in 1.2% and 6% of tumor samples of colon
adenocarcinoma. Unlike lung cancer, the heatmap showed
that epithelial marker EPCAM was not clustered with other
epithelial markers (CK8/18/19). The tumor samples of
colon adenocarcinoma could be classified into two clusters,
E phenotype with the expression of epithelial markers and
hybrid E/M phenotypes with the expression of epithelial
and mesenchymal markers. Interestingly, the tumors with
hybrid E/M phenotypes can be further classified into two
subtypes, hybrid E/M phenotypes with high EPCAM
expression as well as hybrid E/M phenotypes with high
CK8/CK18/CK19 expressions (Figure 3A4).

The high expression of epithelial and mesenchymal
markers was not correlated with poor overall survival of
patients with colon adenocarcinoma (Figure 3B). The
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Figure 1 TCGA database mining of EM'T markers in lung cancer. (A) OncoPrinter and heatmap shows the mRINA expression levels of the
genes involved in EMT in lung adenocarcinoma. E: epithelial markers including EPCAM (EpCAM), KRT8 (CK8), KRT'18 (CK18) and
KRT19 (CK19). M: mesenchymal markers including VIM (vimentin) and TWIST1 (Twistl). Data was obtained by TCGA and generated
via the cBioPortal. Gray bars represent individual patients. (B) OncoPrinter and heatmap shows the mRNA expression levels of the genes
involved in EMT in lung squamous cell carcinoma. (C) The correlation of epithelial and mesenchymal biomarkers’ expression with the
overall survival of the patients with lung adenocarcinoma. Data was obtained by TCGA and generated via the cBioPortal. EMT, epithelial-

mesenchymal transition.
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Figure 3 TCGA database mining of EM'T markers in colon cancer. (A) OncoPrinter and heatmap shows the mRNA expression levels of the
genes involved in EMT in colon adenocarcinoma. E: epithelial markers including EPCAM (EpCAM), KRTS8 (CK8), KRT18 (CK18) and
KRT19 (CK19). M: mesenchymal markers including VIM (vimentin) and TWIST1 (Twistl). Data was obtained by TCGA and generated
via the cBioPortal. Gray bars represent individual patients. (B) The correlation of epithelial and mesenchymal biomarkers’ expression
with the overall survival of the patients with colon adenocarcinoma. Data was obtained by TCGA and generated via the cBioPortal. (C)
The mRNA expression levels of epithelial biomarkers (EpCAM and CK8/18/19), and mesenchymal biomarkers (vimentin and Twist) in
colon adenocarcinoma with different stages. Data was obtained by TCGA and generated via the GEPIA2 online tool. EMT, epithelial-

mesenchymal transition.
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Table 1 Patients (lung cancer) characteristics and analyses for CT'C (E, M or hybrid E/M phenotypes)
CTC number
Patient ID Age Sex Stage Histology Total E phenctype M phenotype pHg:r:iyEp/:i
1# 62 M Il Adenocarcinoma 3 3 0 0
2# 40 F | Adenocarcinoma 3 0 1 2
3# 60 M 1l Squamous cell carcinoma 0 0 0 0
a4# 48 F Il Adenocarcinoma 16 0 1 15
5# 55 F 1] Adenocarcinoma 5 0 2 3
6# 51 F \Y Squamous cell carcinoma 10 0 8 2
T# 75 M IV Squamous cell carcinoma 22 5 4 13
8# 61 F \" Adenocarcinoma 30 1 6 23
o# 53 F \Y Adenocarcinoma 19 2 10 7
10# 57 M I\ Adenocarcinoma 8 0 5 3
11# 58 F \Y Adenocarcinoma 5 1 3 1
12# 72 M \" Adenocarcinoma 22 7 10 5
13# 70 M \Y Adenocarcinoma 2 1 0 1
14# 74 M 1] Adenocarcinoma 9 5 3 1
15# 63 M \Y Adenocarcinoma 3 0 0 3
16# 74 M 1 Squamous cell carcinoma 22 0 1 21

CTC, circulating tumor cells; M, male; F, female; E phenotype, epithelial phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M

phenotypes, hybrid epithelial/mesenchymal phenotypes.

expression of epithelial and mesenchymal markers was not
correlated with clinical stage in colon cancer (Figure 3C).
These results suggest that the expression of mesenchymal
markers is coupled with epithelial markers in colon cancer.
Therefore, CT'Cs with hybrid E/M phenotype may provide
useful information for monitoring tumor progression in
colon cancer.

CTC detection with EMT classification indicates that CTC
with mesenchymal phenotype may be predictive biomarkers
for tumor progression in lung cancer

Next, we used the Canpatrol CTC analysis system to study
whether CTC with mesenchymal phenotype could monitor
tumor progression in lung cancer. 16 patients with non-
small cell lung cancer with a median age of 60.5 years (range,
40-77 years) were enrolled for the CTC detection. The
clinical characteristics and CTC counts (E phenotype, M
phenotype and hybrid E/M phenotypes) of the 16 patients

© Translational Cancer Research. All rights reserved.

were summarized in Tables 1,2. Among the 16 patients, 4
patients (25%) were early stage (I/1I), and 12 patients (75%)
were advanced stage (III/IV). CTCs were detected in 15/16
patients (94%) and CTC was not detected in one patient
with stage II. CTCs with E phenotype, M phenotype and
hybrid E/M phenotypes were detected in 8/16 patients
(50%), 12/16 patients (75%) and 14/16 patients (87.5%),
respectively (Tables 1,2 and Figure 44). Although the
average number of CTC with E phenotype, M phenotype
and hybrid E/M phenotypes was higher in advanced stage
patients than that in early stage patients, the CTC with M
phenotype tended to be statistically significant (Figure 4B).
These data indicate that mesenchymal CTC may be a
predictive biomarker for advanced lung cancer.

We detected dynamic CTC counts in pre- and post-
treatment of a NSCLC patient to monitor the recurrence.
A patient INSCLC, Stage 111, 74 years old) was treated with
cryo-thermal ablation. After one week of the treatment,
the number of CTCs with E phenotype dropped from 5
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Table 2 CTC number of lung cancer patients with different stages and histologies

CTC number (Mean)

Patients
number Total E phenotype M phenotype Hybrid E/M phenotypes
Stages
I/ 4 6 1 1 4
n/v 12 13 2 4 7
Histology
Adenocarcinoma 12 10 2 5 3
Squamous cell carcinoma 4 13 1 3 9

CTC, circulating tumor cells; E phenotype, epithelial phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M phenotypes, hybrid

epithelial/mesenchymal phenotypes.

to 0, and the number of CTCs with M phenotype rose
from 3 to 7. One month later, the patient had remarkable
clinical response, accompanied by declining CTC (both E
and M phenotypes) numbers to 0. After 3 months of this
treatment, the patient showed disease progression, which
was associated with an increase in both E and M phenotype
CTCs (Figure 4C). These data suggest that CTC with M
phenotype may effectively predict the cancer progression in
lung cancer.

CTC detection with EMT classification indicates that CTC
with bybrid E/M phenotypes may be predictive biomarkers
for tumor progression in colon cancer

Similarly, we used the Canpatrol CTC analysis system to
study whether CTC with hybrid epithelial/mesenchymal
phenotypes could monitor tumor progression in colon
cancer. 15 patients with colon cancer were enrolled for
the CTC detection. The clinical characteristics and CTC
counts (E phenotype, M phenotype and hybrid E/M
phenotypes) of the 15 patients were summarized in
Tubles 3,4. Among the 15 patients, 1 patient was adenoma,
2 patients were stage II, 8 patients were stage III and 4
patients were stage IV. CTC were detected in all patients
(100%). The positive rate of the E phenotype, M phenotype
and hybrid E/M phenotypes was 40.0% (6/15), 66.7%
(10/15) and 80.0% (12/15), respectively (Tables 3,4 and
Figure 5A). The number of CTCs with E phenotype, M
phenotype or hybrid E/M phenotypes was not correlated
with the clinical stage in colon cancer (Tables 3,4).

We detected dynamic CTC counts in a patient (colon
adenocarcinoma, stage IV, liver and lung metastasis, 69
years old) during her treatment course. The colon tumor

© Translational Cancer Research. All rights reserved.

of the patient was surgically excised. However, the number
of CTCs with hybrid E/M phenotypes increased after one
week of surgery. The number of CTCs with hybrid E/M
phenotypes still went up after one month of surgery, and
then the patient was treated with chemotherapy. After
one month of chemotherapy, the patient had remarkable
clinical response (liver metastasis shrinked by CT imaging),
accompanied by declining CTCs with hybrid E/M
phenotypes. However, after two months of completing
chemotherapy, the number of CTCs with hybrid E/M
phenotypes raised, predicting the likely recurrent. Indeed,
the CT imaging indicated that liver metastasis grew bigger
after four months of completing chemotherapy (Figure 5B).
The data suggest that CT'C with hybrid E/M phenotypes
may be an effective biomarker for tumor progression in
colon cancer.

Discussion

Although many studies have assessed the clinical relevance
of the EMT phenotype of CTC subpopulations in different
cancers, no study based on bioinformatic analysis of EMT
markers combined with CTC detection has been reported
so far. In this study, by mining TCGA database, we found
that mesenchymal markers were expressed in a subset
of clinical tumor samples of lung cancers, and the high
expression of mesenchymal markers was associated with
poor survival of lung cancer patients. However, in colon
cancer, we found that hybrid epithelial/mesenchymal
markers were expressed in the majority of clinical tumor
samples. Furthermore, we performed the Canpatrol CTC
assay to classify EM'T phenotypes of CTCs in lung and colon
cancer patients. The data of CTC with EMT classification

Transl Cancer Res 2020;9(11):6639-6651 | http://dx.doi.org/10.21037/tcr-20-2235


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506548/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506548/table/Tab1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6506548/table/Tab1/

Translational Cancer Research, Vol 9, No 11 November 2020 6647

A
E phenotype M phenotype Hybrid E/M phenotypes
B P=0.35 P=0.05 P=0.60
8= 15 25 =
1]
%) by | ]
g " > P .
g B w20
5°7 2 2
< 5 104 1] S .,
chL am s i ‘é 15 L]
£ 44 ™ £ o = u
3 2 a5
2] - *2 [ ] =5 10
5 5 5 n 3
8 2 - n 8 m 8 u
8 (,2 .- = 5= E
O —HH- O ] o . -......;
[ X - c-c
0——epo—amgun— 0 0 &
e e by T
/1 niav /1l /v I/1 niv
C 8+
-&-E phenotype
/;’ - M phenotype
7 /
g /
8 /
%) /
5 /
/

Before surgery One week One month Three months Four months

Figure 4 CTC detection with EMT classification in lung cancer. (A) Representative images of three types of CTCs isolated from patients with
lung cancer based on RNA-ISH staining of epithelial markers (EpCAM and CK8/18/19: red fluorescence) and mesenchymal markers (Vimentin
and Twist: green fluorescence). Scale bars represent 5 pM. (B) CTC counts (M phenotype, E phenotype and hybrid E/M phenotypes) among
lung cancer patients with early- and advanced-stage tumors. (C) CTC counts from a patient with lung cancer (before cryo-thermal surgery and
at 1 week, 1 and 3 months follow-up) who had recurrence at 3 months postoperative follow-up. The tumor was observed by CT imaging and
the red arrows pointed to the sites of tumors. CTC, circulating tumor cell; EMT, epithelialmesenchymal transition; E phenotype, epithelial
phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M phenotypes, hybrid epithelial/mesenchymal phenotypes.
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Table 3 Patients (Colon Cancer) characteristics and analyses for CT'C (E, M or hybrid E/M phenotypes)

CTC number

Patient ID Age Sex Histology Stage Total E phenotype M phenctype thy:’r:ftyE;Q"S
1# 67 M Adenoma Benign tumor 23 4 9 10
2# 65 M Adenocarcinoma Il 15 0 1 14
3# 51 M Adenocarcinoma Il 31 0 0 31
a4# 71 M Adenocarcinoma 1] 16 2 6 8
5# 52 M Adenocarcinoma 11l 25 0 1 24
6# 39 M Mucinous adenocarcinoma 1]l 3 0 3 0
T# 50 F Adenocarcinoma 1] 4 0 0 4
8# 46 M Mucinous adenocarcinoma 1] 28 1 4 23
o# 57 M Mucinous adenocarcinoma 11l 44 0 0 44
10# 48 M Adenocarcinoma 1]l 32 0 3 29
11# 66 M Adenocarcinoma 1]l 8 1 5 2
12# 69 F Adenocarcinoma [\ 4 0 1 3
13# 68 F Adenocarcinoma \Y 20 0 0 20
14# 53 M Adenocarcinoma I\ 53 1 1 51
15# 60 M Adenocarcinoma \Y 1 1 0 0

CTC, circulating tumor cells; M, male; F, female; E phenotype, epithelial phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M

phenotypes, hybrid epithelial/mesenchymal phenotypes.

Table 4 CTC number of colon cancer patients with different stages and histologies

Patients CTC number (Mean)
number Total E phenotype M phenotype Hybrid E/M phenotypes
Stages
I/ 3 22 1 3 18
n/v 12 20 1 2 17
Histology
Adenocarcinoma 12 19 1 2 16
mucinous adenocarcinoma 3 25 1 2 22

CTC, circulating tumor cells; E phenotype, epithelial phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M phenotypes, hybrid

epithelial/mesenchymal phenotypes.

was consistent with the data analyzed by bioinformatics.
CTC with M phenotype in lung cancer, and CTC with
hybrid E/M phenotypes in colon cancer appeared to be
potent for monitoring tumor progression.

The analysis of both bioinformatics and CTC detection
demonstrated that mesenchymal phenotype effectively

© Translational Cancer Research. All rights reserved.

predicted poor clinical characteristics in lung cancer. To
our knowledge, this is the first bioinformatic analysis
conducted by mining TCGA database, which indicates that
high expression of mesenchymal markers is significantly
associated with poor survival of lung cancer patients. We
used the Canpatrol CTC detection system to further
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Figure 5 CTC detection with EMT classification in colon cancer. (A) Representative images of three types of CTCs isolated from patients

with colon cancer based on RNA-ISH staining of epithelial markers (EpCAM and CK8/18/19: red fluorescence) and mesenchymal markers

(Vimentin and Twist: green fluorescence). Scale bars represent 5 pM. (B) CTC counts (M phenotype, E phenotype and hybrid E/M

phenotypes) in a patient with colon cancer, who was serially sampled during treatment with surgery and chemotherapy. The liver metastasis

was observed by CT imaging and the red arrows pointed to the sites of metastasis. CT'C, circulating tumor cell; EMT, epithelialmesenchymal

transition; E phenotype, epithelial phenotype; M phenotype, mesenchymal phenotype; Hybrid E/M phenotypes, hybrid epithelial/

mesenchymal phenotypes.

classify EMT phenotypes, and found that in advanced lung
cancer patients the number of CTCs with mesenchymal
phenotype was higher. Our CTC EMT classification data
is consistent with the previous studies. Zhang et /. used the
Canpatrol CTC detection system to indicate that CTC with
mesenchymal phenotype was the most effective value to
differentiate patients with NSCLC with distant metastasis
from those with non-distant metastasis (11). Using the
CanPatrol CTC EMT classification system, a recent study
indicated that lung adenocarcinoma patients with positive

© Translational Cancer Research. All rights reserved.

mesenchymal CTC had a significantly poor recurrence-free
survival and overall survival, compared with the patients
with negative mesenchymal CTC (12). Manjunath ez al.
have demonstrated that CTC expressed higher level of
mesenchymal markers compared with matched primary
NSCLC tissue, and EMT positive CTC was associated with
poorer overall survival of NSCLC patients (13). Morrow
et al. have shown that CellSearch EpCAM-dependent
platform missed the detection of mesenchymal CTC that
contributed the generation of CT'C-derived xenografts (14).
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Therefore, our and previous studies have demonstrated
that CTC with mesenchymal phenotype could be a potent
biomarker to monitor tumor progression in lung cancer.

Unlike lung cancer, EMT classifications of colon cancer
through both TCGA database mining and CTC detection
indicated that mesenchymal phenotype was not correlated
with advanced stage and poor patients’ survival. A previous
study of 126 colon cancer patients using Canpatrol CTC
assay has shown that CTCs with mesenchymal phenotype
were most common in patients with stage I colon cancer (15).
A study including 299 patients with colon cancer has
indicated that CTC with positive CK20 detected by RT-
PCR was an independent predictor of worse overall survival
and disease free survival (16). Furthermore, we found that
hybrid epithelial/mesenchymal markers were expressed
in the most of tumor samples of colon cancer. The CTC
detection with EMT classification indicated that CTC with
hybrid E/M phenotype was effective to monitor therapy in a
patient with colon cancer. Previous studies have shown that
tumor cells with hybrid E/M phenotypes were endowed
with stem cell characteristics so that they would be more
efficient for metastasis (17). Therefore, our and previous
studies have demonstrated that CTC with hybrid E/M
phenotypes could be a potent biomarker to monitor tumor
progression in colon cancer.

In summary, encouraging results from the current proof-
of-concept study indicate that CTCs with M phenotype
or hybrid E/M phenotypes could be effective biomarkers
for monitoring tumor progression in lung cancer or colon
cancer respectively. It is anticipated that a large scale clinical
study will be conducted in the future.
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