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Abstract: Circulating tumor cells (CTCs) possess profound influence on tumor metastases and
disease progression. This study aimed to investigate the correlation of CTCs with clinical charac-
teristics and T-cell immunity, and to explore whether CTCs and the subpopulations can serve as
an independent prognostic factor in advanced non-small cell lung cancer (NSCLC). A prospective
study was conducted in late stages of NSCLC patients. The levels of overall CTCs and the three
subpopulation CTCs were enumerated using the CanPatrol™ CTC enrichment system. The infor-
mation about the patients which included the clinical characteristics, survival status at the 200th
day postdiagnosis, and the levels of T cells was collected. Mann—Whitney U test, Kruskal-Wallis
H test, Cox regression, and Spearman’s rank correlation coefficient were the statistical methods
used in this study. We detected CTCs in 27 of the 31 eligible patients; the level of epithelial-
mesenchymal circulating tumor cells (EMCTCs) was higher than that of epithelial circulating
tumor cells and that of mesenchymal circulating tumor cells (MCTCs) in the majority of NSCLC
patients. Organ metastases were positively associated with the levels of overall CTCs, EMCTCs,
and MCTCs (P<0.05). EMCTCs and MCTCs were associated with worse clinical outcomes.
Additionally, the levels of EMCTCs were negatively associated with the levels of CD3* T cells
(P=0.01) and CD8&* T cells (P=0.04). In conclusion, the levels of CTCs were positively associated
with organ metastases, particularly bone metastases, but were negatively associated with T-cell
levels. The levels of EMCTCs and MCTCs had negative prognostic value.

Keywords: clinical trial, non-small cell lung cancer, circulating tumor cells, organ metastases,
prognosis, lymphocyte T immune system

Introduction
According to the GLOBOCAN 2012 statistical analysis, the incidence of and mortality
from lung cancer are higher compared with those from other forms of cancer, with
the exception of nonmelanoma skin cancer.! Metastasis is the leading cause of death
from lung cancer.? Circulating tumor cells (CTCs) can provide real-time biopsy
specimens for studying the biologic behavior of tumor metastasis.®* CTCs refer to
the tumor cells which actively or passively detach from a solid primary or secondary
neoplasm and enter the peripheral circulation. On the basis of morphologic features,
CTCs are divided into CTC clusters and single CTCs.* Furthermore, single CTCs are
generally classified into three subpopulations including epithelial circulating tumor
cells (ECTCs), epithelial-mesenchymal circulating tumor cells (EMCTCs), and mes-
enchymal circulating tumor cells (MCTCs).*

CTCs are continuously under attacks from unfavorable tumor microenviron-
ment which contains the immune surveillance system. T-cell-mediated immunity
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plays a pivotal role in cancer metastasis. Specific T-cell
immunoregulatory mechanisms can create an immunologi-
cally permissive environment for tumor colonization.>® In the
research of breast cancer, Mego et al” had found that patients
with CTCs had abnormalities in T-cell-mediated immunity
that could potentially initiate and impact the dissemination
of tumor cells. Mittal et al® displayed an overall review of
cancer immunoediting and its three phrases — elimination,
equilibrium, and escape — which was helpful to understand
the positive, negative, or null effects that the T-cell immune
system has on tumor development.

As aminimally invasive and multifunctional biomarker, the
clinical relevance of CTCs in the tumor node metastasis stage
system and prognosis is well established.’ !> Nevertheless, the
significance of CTC subpopulations in the overall survival,
organ metastases, and immune system has rarely been studied
in patients with non-small cell lung cancer (NSCLC).

This study explored the correlation between different
subpopulations of CTCs and organ metastases, and analyzed
the prognostic significance of total CTCs (TCTCs) and
subpopulations of CTCs. We also discussed the relationship
between T-cell immunity and different CTC phenotypes, and
further elucidated the role of TCTCs and CTC subpopula-
tions in prognosis, organ metastases, and the immune system.
This study should be helpful to prevent the occurrence of
metastasizing—homing—remetastasizing and develop more
effective therapeutics.

Materials and methods

Patients

This clinical trial was open to individuals not <18 years
old who were diagnosed with clinical stage III or IV lung
cancer; pathologic types were restricted to adenocarcinoma
or adenosquamous carcinoma. The Eastern Cooperative
Oncology Group performance status score of the patients
ranged from O to 2. The exclusion criteria were: the patients
who had taken other therapeutics other than ALIMTA plus
carboplatin or the first-generation targeted drugs previously,
the patients belonging to clinical stage I or I1, and the patients
who also had another malignancy or severe systemic disease.
This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Ethics Committee of
Shanghai Jiaotong University. Written informed consent was
obtained from all participants.

Study design

This was an open-label, single-arm, single-center, prospec-
tive study. Patients who conformed to the inclusion criteria
underwent a one-time collection of CTCs. The primary

endpoint of this study was the overall survival (OS) at the
200th day postdiagnosis. Patients with a mutation of epider-
mal growth factor receptor (EGFR) on exon 19 or 21 were
administered first-generation EGFR-targeted agents. How-
ever, other patients with better health condition were treated
with chemotherapeutic agents (Eli Lilly, Indianapolis, IN,
USA); also, patients with deteriorated health condition chose
to taken first-generation EGFR-targeted agents. All the infor-
mation, including the general characteristics of the patients,
metastasis-related characteristics, and T-cell levels, was uti-
lized to assess OS and to analyze the correlation with CTCs.
Organ metastases were classified into extra-lung metastases
and intra-lung metastases. Bone metastases were divided into
cranial metastases, vertebral metastases, truncal bone (with
the exclusion of vertebral) metastases, and metastases in the
extremities. The details are listed in Figure 1.

Each patient underwent chest computed tomography
(CT), bone scan, brain magnetic resonance, abdominal
ultrasound, or whole-body positron emission tomography/CT
within 1 month of CTC detection. General information (age,
gender, family history of cancer, smoking history, whether in
first treatment) and disease-related characteristics (pathologic
type, tumor location, tumor stage, T stage, M stage, N stage,
and organ metastases) were collected from all participants.
As CTCs are closely correlated with metastatic properties,
M stage was categorized in detail to explore the correlation of
CTC levels with different organ metastases and to ascertain
which organs the CTCs predominantly home into in patients
with advanced NSCLC. This study used the eighth edition of
the International Association for the Study of Lung Cancer
(IASLC) staging system of lung cancer."

Sample collection

Before conducting therapy at the Department of Respiration
in Ruijin Hospital, 5-6 mL peripheral venous blood was col-
lected in ethylenediaminetetraacetic acid (EDTA) tubes from
each of the enrolled patients; EDTA tubes were agitated gently
several times, then the blood was transferred from the EDTA
tube to a storage tube and again gently agitated several times.
The storage tube was placed at room temperature (15°C-30°C)
for 30 minutes before being stored at 2°C—8°C. Samples were
transported to the test center and CTC detection was performed
using the CanPatrol™ system (SurExam, Guangzhou, People’s
Republic of China) within 1 week of collection.

Detection of CTCs

CTCs were detected with the CanPatrol CTC enrichment
system using filtration and tricolor RNA hybridization in
situ (RNA-ISH).
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Figure | Organ metastases.

The filtration system was based on the size of the cells.
Before filtration, erythrocytes were removed from the sam-
ples using the red blood cell lysis solution (Sigma-Aldrich
Co., St Louis, MO, USA); then, the remaining cells were
resuspended in phosphate-buffered saline (PBS; Sigma-
Aldrich Co.) with 4% formaldehyde (Sigma-Aldrich Co.)
for 5 minutes. Each cell suspension was then transferred
to a filtration tube (SurExam). The filtration system was
composed of a membrane with 8 um diameter pores (EMD
Millipore, Billerica, MA, USA), a manifold vacuum plate
with valve settings (SurExam), an E-Z 96 vacuum manifold
(Omega, Norcross, GA, USA), and a vacuum pump (Auto
Science, Tianjin, People’s Republic of China). Filtration was
initiated at 0.08 MPa, followed by tricolor RNA-ISH based
on branched DNA signal amplification.

Tricolor RNA-ISH was conducted in a 24-well plate
(Corning Incorporated, Corning, NY, USA) after the mem-
brane with 8 um diameter pores was removed from the
filtration tube. During tricolor RNA-ISH, two categories of
probes, capture probes and signal amplification probes, were
used. The cells on the membrane were treated with protease
100 uL/well (Qiagen, Hilden, Germany), and capture probes
were applied for 3 h at 40°C to detect targeted sequences
for hybridization. The capture probes can detect epithelial
biomarkers including epithelial cell adhesion molecules
(EpCAMs) and cytokeratin (CK) 8/18/19, mesenchymal
biomarkers (vimentin and Twist), and the leukocyte bio-
marker CD45." After washing three times with 1,000 uL
wash buffer (Sigma-Aldrich Co.), the signal amplification

step was performed with three kinds of amplification probes:
preamplifier sequence, amplifier sequence, and a label probe
conjugated to a fluorescent dye.!”* All the sequences were
manufactured by Thermo Fisher Scientific (Waltham, MA,
USA). The captured samples were incubated with pream-
plifier solution (Sigma-Aldrich Co.) 100 puL/well at 40°C
for 30 minutes. Then, the membranes were washed three
times with 1,000 uL wash buffer and incubated with ampli-
fier solution (Sigma-Aldrich Co.) 100 uL/well at 40°C for
30 minutes. Finally, the label probes conjugated to Alexa
Fluor 594 (for epithelial biomarkers), Alexa Fluor 488
(for mesenchymal biomarkers), and Alexa Fluor 647 (for
the leukocyte biomarker) were added and incubated for 30
minutes at 40°C for hybridization with the branched DNA
molecule. After washing with wash buffer, the cells were
stained with 4’,6-diamidino-2-phenylindole (Sigma-Aldrich
Co.) for 5 minutes, then observed with a fluorescence micro-
scope using a 40x objective and a 10x ocular lense (Olympus
BX53; Olympus Corporation, Tokyo, Japan).

Collection and detection of T cells

Patients who were previously untreated were assessed for
the levels of CD3* T cells, CD4* T cells, and CD8" T cells.
Two milliliters of peripheral venous blood was collected
in an EDTA tube and sent to the clinical laboratory within
4 hours of collection, followed by T-cell detection. Mono-
clonal antibody with fluorescence (5 uL) was added to 30 uLL
blood; 200 puL hemolysin was added 15-20 minutes later.
After 10—15 minutes, 200 uL PBS was added and then the
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samples were examined using flow cytometry (BD FACS
Cantoll Flow Cytometry System). Before detection, BD
FACS 7-Color Setup Beads (335775) were applied to adjust
detector voltages and set fluorescence compensation.

Statistical analysis

SPSS17.0 IBM software was used to conduct statistical
analysis. Nonparametric tests including Mann—Whitney
U test (for binary variables) and Kruskal-Wallis H test (for
ranked data) were used to assess the predictive power of the
levels of TCTCs and subpopulations of CTCs in different
clinical pathologic characteristics (0=0.05, P<<0.05). Median
and interquartile range were used to describe variability. The
significance of the TCTCs, the three CTC subpopulations, the
clinical characteristics, and the therapeutic regimens to OS on
200th day was analyzed using the univariate Cox regression
analysis (0=0.05, P<<0.05). Significant parameters in univari-
ate Cox regression analysis were subjected to multivariate
Cox regression analysis. Bivariate correlation analysis was
performed to study the association between the levels of
CTCs and T-cell-mediated immunity (P<<0.05).

Results
General characteristics of the enrolled

patients with NSCLC

From October 2014 to September 2015, thirty-one eligible
patients at the Respiratory Department of Ruijin Hospital were
enrolled in this study and provided informed consent. There
were 17 women, 21 patients <65 years old, three patients
who had a family history of cancer, 23 participants without
previous treatment, and eight participants with targeted drug
therapy or chemotherapy. During the follow-up periods, ten
patients with the mutation of L§58R or exon 19 deletion were
treated with first-generation targeted drug therapies.

Characteristics of each subpopulation

of CTCs

Three subpopulations of CTCs (ECTCs, EMCTCs, and
MCTCs) were isolated from the peripheral venous blood
using the CanPatrol CTC platform. ECTCs that had only
epithelial molecular markers (EpCAM and CK 8/18/19)
were stained with red immunofluorescence; MCTCs possess-
ing mesenchymal molecular markers (vimentin and Twist)
were stained with green immunofluorescence; and EMCTCs
with the two kinds of molecular markers were stained by
green and red immunofluorescence (Figure 2). CTCs were
detected in 27 out of 31 stage III or IV NSCLC patients.

Sixteen out of 27 patients had higher levels of EMCTCs than
ECTCs and MCTCs; three patients had equivalent levels of
EMCTC:s to those of ECTCs and MCTCs (Figure 3). There
were 19 patients whose TCTCs were more than 4/5—-6 mL
peripheral venous blood and eight patients whose TCTCs
were more than 10/5-6 mL peripheral venous blood.

Association between the levels of CTCs
and general characteristics of patients
with NSCLC

The levels of TCTCs in patients who had undergone treat-
ment were significantly greater than those in untreated
patients (treated patients: 9, [6.25, 17.75]; untreated patients:
4, [1, 8]; P=0.019). EMCTC levels were also significantly
higher in treated patients (treated patients: 7, [6, 10.25];
untreated patients: 2, [0, 4]; P=0.004). ECTC levels showed
statistical difference with respect to age (=65 years old: 2,
[0, 4.5]; <65 years old: 0, [0, 1]; P=0.044). However, no
statistically significant associations of TCTCs and the three
subpopulations were discovered with gender, smoking status,
or family history of cancer (Table 1).

Association between CTCs and the
staging system

TCTCs did not show statistical significance in tumor stage.
However, ECTCs showed statistical difference in tumor
stage (stage III: 0, [0, 0]; stage IV: 1, [0, 2]; P=0.020), in
the M stage (MO: 0, [0, 0]; M1a: 0, [0, 0]; M1c: 1, [0, 2.5];
P=0.017), and in the N stage (NO: 1, [0, 2]; N2: 0, [0, 0.25];
N3: 1, [0, 4.5]; P=0.026). In the M stage, the differences
mainly originated from comparison between MO and M1a and
between M0 and M1c. In contrast, TCTCs and the three sub-
populations showed no statistical significance with respect to
the pathologic type, tumor location, and T stage (Table 2).

Relationship of CTCs with organ

metastases

Statistical analysis of CTCs regarding organ metastases dem-
onstrated that the number of organ metastases was signifi-
cantly correlated with the levels of TCTCs (metastases <3:
5, [0.5, 7.5]; metastases =3: 11, [3.25, 27.25]; P=0.028),
EMCTCs (metastases <3: 3, [0, 6]; metastases =3:7,[1.25,
13.25]; P=0.040), and MCTCs (metastases <3: 0, [0,0];
metastases =3: 1, [0, 3]; P=0.023). ECTCs showed statisti-
cal association with extrapulmonary metastases (yes: 1,
[0, 2.5]; no: 0, [0, 0]; P=0.004). Significant association was
also observed between the severity of pleural effusion and
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Figure 2 (A) ECTCs possessing only epithelial molecular markers (EpCAM and cytokeratin 8/18/19) were stained with red immunofluorescence. (B) EMCTCs having both
epithelial and mesenchymal molecular markers were stained with both green and red immunofluorescent dyes. (C) MCTCs occupying only mesenchymal molecular markers
(vimentin and Twist) were stained with green immunofluorescence. (Bars =2.5 um).

Abbreviations: ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; EpCAM, epithelial cell adhesion molecule; MCTCs,

mesenchymal circulating tumor cells.

MCTCs (yes: 3, [0, 4]; no: 0, [0, 0]; P=0.009; Table 3).
Patients with abdominal organ metastases (paranephrous,
kidney, and liver), pulmonary metastases, or brain metastases
displayed no significant association with the levels of TCTCs
and those of the three subpopulations.

Relationship between CTCs and bone

20 patients were detected with CTCs. Although the levels of
TCTCs did not show statistical difference in bone metastases,
ECTC levels showed a statistically significant difference
(yes: 1,[0,3.5]; no: 0, [0, 0.5]; P=0.019). Among the patients
with bone metastases, 15 patients had metastases in the ver-
tebrae, and 14 out of these 15 patients were detected with
CTCs. The levels of ECTCs showed statistical significance

metastases
In this study, bone was found to be the favorable extrapulmo-

with respect to vertebral metastases (yes: 1, [0, 2]; no: 0, [0, 1];
P=0.042). Levels of TCTCs and of CTC subtypes did not show
nary organ for the dissemination of neoplastic cells. Twenty out  statistical significance in the extremities metastases, truncal

of 31 patients had metastatic bone lesions, and 19 out of these ~ bone metastases, or the cranium metastases (Table 3).

The subpopulation CTCs of the NSCLC patients
60

MCTCs EMCTCs ECTCs

50

40 A

30 4

CTC counts

20 A

10

0 T T IHI T T T I“I l‘ IHIHI T IHI T T lH A L - - .
1 3 5 7 9 1 13 15 17 19 21 23 25 27 29 31
Study patients

Figure 3 Twenty-seven out of 3| patients were detected with CTCs. The levels of EMCTCs predominated within the three CTC subpopulations among 16 patients and the
levels of EMCTCs were equivalent to ECTCs count or MCTCs count among three patients.

Abbreviations: CTCs, circulating tumor cells; ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal
circulating tumor cells; NSCLC, non-small cell lung cancer.
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Table | CTCs and the general characteristics

Characteristics Number TCTCs ECTCs EMCTCs MCTCs
Age (years)

<65 21 5 (1.5, 10) 0 (0, I)* 3(0.5,8) 0(0, 1)

=65 10 7 (3.5, 15) 2 (0, 4.5)* 4 (0, 8) 0.5 (0, 3.25)
Gender

Female 17 5(2.5,7.5) 0 (0, 4.5) 3 (0, 6) 0 (0, 2.5)

Male 14 7.5 (1.5, 12.5) I (0, 1.25) 5 (0.75, 8.25) 0 (0, 1.25)
Smoking

Yes Il 4 (0, 12) 0(,1) 4 (0, 8) 0(0,0)

No 20 6.5 (3,9.5) I (0, 3.5) 3.5 (0.25, 6.0) 0 (0, 2.75)
Family history of cancer

Yes 3 12.(2, 19) I (1,2) 9(l, 18) 00, 1)

No 28 55(2,8) 0(0,2) 3.5(0, 6) 0(0,2)
Untreated

Yes 23 4 (1, 8)* 1 (0,2) 2 (0, 4)* 0(0, 1)

No 8 9 (6.25, 17.75)* 05(0, 1) 7 (6, 10.25)* 0 (0, 2.75)

Notes: *P<<0.05; statistical description: median (figures outside the parentheses) and interquartile range (figures in the parentheses).
Abbreviations: CTCs, circulating tumor cells; ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal

circulating tumor cells; TCTCs, total CTCs.

Prognostic value of CTCs

The OS analysis was conducted after the follow-up of
200 days. Univariate Cox regression survival analysis dem-
onstrated that age was a risk factor to OS (HR 3.939; 95%
confidence index [CI], 1.190-12.971; P=0.027). Addition-
ally, the number of organ metastases (HR 1.672; 95% CI,

Table 2 CTCs and disease-related characteristics

1.059-2.641; P=0.027), and the levels of TCTCs (HR 2.133;
95% CI, 1.253-3.361; P=0.005), EMCTCs (HR 1.760; 95%
CI, 1.012-3.060; P=0.045), and MCTCs (HR 2.473; 95% ClI,
1.394-4.387; P=0.002) were also assessed as potential risk
factors. Significant parameters identified in univariate Cox
regression analysis were further analyzed in multivariate

Characteristics Number TCTCs ECTCs EMCTCs MCTCs
Pathologic type

Adenocarcinoma 26 5.5 (1.75, 12.25) 0.5 (0, 2) 4 (0, 8.25) 0 (0, 1.25)

Adenosquamous 3 8 (2, 10) 1 (0 1) 6(1,8) 0(0, 3)
Location

Right lung 19 7(1,8) 0(,1) 2 (0, 8) 0(0, 1)

Left lung 12 5.5 (3.25, 13) I (0, 3.5) 4.5 (0.75, 9.75) 0 (0, 2.75)
Tumor stage

1l 5 1(0,7) 0 (0, 0)* 1(0,7) 0(0,0)

[\ 24 7 (3, 12.75) I (0, 2)* 4(1,8.75) 0(0,2)
T

| 2 4(1,7) 3(1,5) 1(0,2) 0(0,0)

2 2 6.5 (3, 10) 050, I) 4(2,6) 2(1,3)

3 5 2 (0,27) 0(0, I6) 1 (0, 10) 0 (0, I.5)

4 20 7.5 (3.25, 12.75) 0.5 (0, 2) 4.5 (1, 875) 0 (0, 1.75)
M

MO 5 1(0,7) 0 (0, 0)* 1(0,7) 0(0,0)

Mla 2 6.5 (0, 13) 0 (0, 0)* 55(0, 1) 1(0,2)

MIb / / / / /

Mlc 22 7 (3, 12.5) I (0, 2.5)* 4 (1, 8.25) 0 (0, 2.25)
N

NO 2 35(0,7) I (0, 2)* 2(0,4) 0.5 (0, I)

NI 0 / / / /

N2 10 3.5 (0, 8.5) 0 (0, 0.25)* 3 (0, 6.5) 0 (0, 3.25)

N3 17 7 (3.5, 13.5) I (0, 4.5)* 6(1,11) 0(l, 1.5)

Notes: *P<<0.05; statistical description: median (figures outside the parentheses) and interquartile range (figures in the parentheses).
Abbreviations: CTCs, circulating tumor cells; ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal

circulating tumor cells; TCTCs, total CTCs.
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Table 3 CTCs and organ metastases

Characteristics Number TCTCs ECTCs EMCTCs MCTCs
Medium or large pleural effusion

Yes 7 8 (2, 30) I (0, 6) 4(1,14) 3 (0, 4)*

No 23 5(1,8) 0(0,2) 4(0,8) 0 (0, 0)*
Intra-lung metastases

Yes 24 5.5 (2, 12.75) 1 (0,2) 4.5 (0.25, 8.75) 01

No 5 3 (0.5, 8.5) I (0, 3) 2 (0, 4) 0(0,2)
Homolateral lung metastases

Yes 23 6(2,13) 1 (0,2) 5(1,9) 01

No 6 2.5 (0.75, 7.75) I (0,2.75) 1 (0, 3) 0 (0, I.5)
Contralateral lung metastases

Yes 15 73, 14) 1 (0,2) 60, 1I1) 0(0,2)

No 14 3.5 (1,7.25) 0(,1) 1.5 (0, 6) 0 (0, 0.25)
Extra-lung metastases

Yes 22 7 (3, 12.5) I (0, 2.5)* 4(1,825) 0 (0, 2.25)

No 7 1 (0, 8) 0 (0, 0)* 1 (0, 8) 0(0,0)
Bone metastases

Yes 20 7 (3.25, 13.5) I (0, 3.5)* 4 (1.25, 8.75) 0 (0, 2.75)

No 9 1 (0,7.5) 0 (0, 0.5)* 1(0,7) 0(0,0)
Cranium metastases

Yes 4 5 (2, 24.5) | (0.25, 4.75) 2.5(1, 13) 2(0,7)

No 25 62, 11) 0(0,2) 4(0, 8) 01
Truncal bone (except vertebra) metastases

Yes 10 5 (2.75, 30.5) I (0, 5.25) 3.5(0.75,9.5) 0.5 (0, 4.25)

No 19 7(1,8) 0(,1) 4(0, 8) 01
Vertebra metastases

Yes 15 7 (3, 14) I (0, 2)* 4(1,9) 0(0,2)

No 14 5(0.75, 8) 0 (0, I)* 3.5 (0, 6.5) 0 (0, 0.5)
Extremities metastases

Yes 6 3.5(2.75, 11.25) 0.5 (0, 4.5) 2.5(0.75,7.75) 0 (0, 2.75)

No 23 7(1,12) 1 (0, 2) 4(0, 8) 0(0,2)
Abdominal metastases

Yes 7 5(2,32) I (0, 6) 5(1, 14) 0(0,8)

No 22 6.5 (1.75, 8.5) 0.5 (0, 2) 3.5(0, 6.5) 01
Kidney metastases

Yes 3 5 (1, 30) I (0, 6) 5(0, l6) 0(0,8)

No 26 6.5 (2, 10.5) 0.5 (0, 2) 4(0.75, 8) 0 (0, 1.25)
Adrenal gland metastases

Yes 4 18 (2.5, 44) 0.5 (0, 23.5) 6 (1.75, 12.5) 1.5 (0, 18.75)

No 25 6(1.5,9) 1 (0,2) 4(0,7) 01
Liver metastases

Yes | 22,2 I (I, 1) (1, 1) 0(0,0)

No 28 6.5 (2.25, I 1.5) 0.5 (0, 2) 4(0.25, 8) 0 (0, 1.75)
Brain metastases

Yes 10 9 (6.5, 15.25) | (0.75, 2.75) 4 (3.5, 11.75) 0.5 (0, 3)

No 19 4(1,8) 0(0,2) 2 (0, 6) 0,1
Number of organ metastases

<3 17 5 (0.5, 7.5)* 0 (0, I.5) 3 (0, 6)* 0 (0, 0)*

=3 12 11 (3.25, 27.25)* | (0.25, 3.5) 7 (1.25, 13.25)* 1 (0, 3)*

Notes: *P<<0.05; statistical description: median (figures outside the parentheses) and interquartile range (figures in the parentheses).
Abbreviations: CTCs, circulating tumor cells; ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal

circulating tumor cells; TCTCs, total CTCs.

Cox regression analysis. The results showed that the levels
of EMCTCs (HR 2.204; 95% CI, 1.099-4.420; P=0.026)
and MCTCs (HR 2.308; 95% CI, 1.166-4.569; P=0.016)
were associated with worse clinical outcomes (Table 4). The

results were confirmed by Kaplan—Meier (Figure 4).

Correlation between CTCs and
peripheral T cells
The results showed that the levels of TCTCs, ECTCs, and

MCTCs were negatively associated with the levels of CD3*
T cells, CD4" T cells, or CD8* (cytotoxic) T cells, however
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Table 4 Cox regression of overall survival

Univariate Cox regression P-value Multivariate Cox regression P-value
HR 95% CI HR 95% ClI
Gender (F=1) 1.025 (0.312, 3.362) 0.968 - - -
Age (=65=1) 3.929 (1.190, 12.971) 0.027%* - - -
Smoking 0.987 (0.289, 3.373) 0.983 - - -
Tumor history 0.891 (0.114, 6.966) 0912 - - -
Pathologic type 0.357 (0.074, 1.723) 0.200 - - -
Lump location 0.708 (0.355, 1.411) 0.326 - - -
Number of organ metastases 1.672 (1.059, 2.641) 0.027* - - -
T stage I.141 (0.517,2.518) 0.744 - - -
N stage 1.179 (0.496, 4.808) 0.709 - - -
M stage 3.686 (0.377, 36.058) 0.262 - - -
TCTCs 2.133 (1.253, 3.631) 0.005% - - -
[0, 6]
[7,13]
[14,20]
[21, +e]
ECTCs 1.314 (0.636,2.717) 0.461 - - -
[0, 3]
[4.7]
[8 11]
[12, +x)
EMCTCs 1.760 (1.012, 3.060) 0.045% 2.204 (1.099, 4.420) 0.026*
[0, 3]
[4,7]
[8, 1]
[12, +=)
MCTCs 2.473 (1.394, 4.387) 0.002%* 2.308 (1.166, 4.569) 0.016*
[0, 3]
[4.7]
[8 11]
[12, +e0)
Mutation + target therapy 0.172 (0.022, 1.342) 0.093 - - -

Note: *P<<0.05.
Abbreviations: Cl, confidence index; CTCs, circulating tumor cells; ECTCs, epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor cells;
MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs.
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Figure 4 (A) Kaplan—Meier life-table analysis showed EMCTCs were associated with worsened clinical outcomes. (B) Kaplan—Meier life-table analysis showed MCTCs had
negative prognostic value.
Abbreviations: EMCTCs, epithelial-mesenchymal circulating tumor cells; MCTCs, mesenchymal circulating tumor cells; OS, overall survival.
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Table 5 Correlations of T-cell-related CD and CTCs

r P-value

CD3*

TCTC —-0.321 0.264

ECTC —-0.097 0.749

EMCTC —0.659 0.01*

MCTC —-0.256 0.376
CD4*

TCTC —-0.107 0.716

ECTC —-0.057 0.846

EMCTC -0.24 0.409

MCTC -0.019 0.948
CD8*

TCTC —-0.394 0.163

ECTC -0.216 0.458

EMCTC -0.713 0.04*

MCTC —-0.262 0.366

Note: *P<0.05.

Abbreviations: CD, cluster of differentiation; CTCs, circulating tumor cells; ECTCs,
epithelial circulating tumor cells; EMCTCs, epithelial-mesenchymal circulating tumor
cells; MCTCs, mesenchymal circulating tumor cells; TCTCs, total CTCs.

the associations were insignificant. However, the levels of
EMCTCs were significantly associated with the levels of
CD3* T cells (=—0.659; P=0.01) and those of cytotoxic
T cells (CD8*; r=—0.713; P=0.04), but were not significantly
associated with the levels of CD4* T cells (Table 5).

Discussion

Our study focused on exploring the association of CTCs, par-
ticularly subpopulations of CTCs, with the clinicopathologic
characteristics including metastases and prognosis. The
association between CTCs and T cells should be inves-
tigated, as T cells play an important role in antitumor
microenvironment.

CTC subpopulations were detected based on the pres-
ence of epithelial and mesenchymal markers. In addition to
EpCAMs, CK 8/18/19, which were used as epithelial markers
in this CanPatrol CTC enrichment system, E-cadherin,
mucin-1, claudins 3, 4, and 7, plakoglobin, and desmoplakin
were also regarded as epithelial markers.'® Fibronectin,
N-cadherin, actin 2, nuclear catenin 1, and fibroblast growth
factor 2 were the other mesenchymal markers, besides
vimentin and Twist.'® The process of epithelial-mesenchymal
transition (EMT) refers to the loss of epithelial markers and
the expression of mesenchymal markers.'®

In this study, EMCTCs predominated among the three
subpopulations of CTCs in 16 patients. Hanssen et al'’
found that the usage of multiple cell surface proteins for
CTC capture and isolation in NSCLC patients increased the
sensitivity for CTC detection. Although the clinical study
of Hanssen et al'” did not examine EMCTCs, it emphasized

the significance of phenotyping CTCs in clinical detection.
Millions of cancer cells disseminate from the solid primary
or secondary lesions, but only a few of the CTCs can reach
the remote organs and form metastases. Several laboratory
studies found that EMCTCs could migrate in order to invade
more effectively.'®!” EMT can inhibit the apoptosis of CTCs
and makes CTCs difficult to be identified in hematopoietic
cell microenvironment, thereby allowing evasion from the
immune system.?

Nevertheless, phenotype transformation is not always
required for the migration of tumor cells.?’?* The mesen-
chymal phenotype of CTCs that undergo EMT promotes the
motility of CTCs, but does not favor growth. Indeed, cancer
cells must undergo the mesenchymal—epithelial transition
to acquire the ability of proliferation.”* EMCTCs undergo
partial EMT. Therefore, compared with ECTCs, EMCTCs
are more invasive, and compared with MCTCs, EMCTCs are
more proliferative. Hence, EMCTCs predominating within
the CTC subpopulations could accelerate the invasiveness
of the tumor and the formation of metastases.

Our study found that the levels of ECTCs were positively
correlated with tumor stage and M stage. A meta-analysis
of 1,576 NSCLC patients, conducted by Wang et al,’ also
showed that the number of CTCs is positively correlated with
tumor stage and lymph node metastasis, but not significantly
associated with histology. Furthermore, Wan et al'® showed
that CTC levels are not significantly correlated with gender,
age, or pathologic type (P>0.05), but are closely related with
clinical stage (P<<0.01) and tumor progression. However, we
found that the ECTC levels of NO patients were greater than
those of N2 patients and the levels of ECTCs were positively
correlated with age; the reason for which may be the small
size of the sample. Also, TCTC levels of patients who had
undergone treatment were significantly higher than those of
untreated patients. The reasons for the above results are as
follows. Firstly, the treated patients received improper thera-
peutics before being treated in Ruijin Hospital; secondly, the
treated patients did not strictly follow the doctors’ orders;
thirdly, all the treated patients belonged to tumor stage
IV. The first two reasons could lead to progression of the
disease.

As the extent of tumor cell dissemination and impair-
ment of different organs can reflect the progression of lung
cancer, it is crucial to assess the latent association between
the levels of CTCs and organ metastases.? In our study, the
levels of TCTCs, EMCTCs, and MCTCs showed statistical
differences in the number of organ metastases. Additionally,
MCTC levels were positively correlated with the severity
of malignant pleural effusion, which may indicate that the
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levels of MCTCs may reflect the clinical characteristics and
that TCTC levels may not.

In this study, bone was found to be the most common
homing site for CTCs. Twenty-seven patients were detected
with CTCs; 19 of these 27 patients had bone metastases.
Therefore, bone marrow may function as a reservoir for dis-
seminated tumor cells (DTCs). Pantel and Brakenhoff** and
Riethdorf et al*® found that bone was the most favorable hom-
ing site and reservoir for CTCs and DTCs, even though other
organs such as lung and brain can serve as storage for DTCs
which were not discovered as easily as DTCs in the bone
marrow. DTCs in these reservoirs can stay dormant, thereby
escaping systemic therapy and immunologic attack.?’

Different parts of bones have different potentials to form
metastases. Vertebrae were more likely to form metastases,
which demonstrated that different bones possess different
microenvironments where CTCs are inclined to settle in.
DTCs could still disseminate to other remote organs even the
primary tumor has been resected for years.”> Bone metasta-
ses can be applied as the prognostic factor to colon cancer
with rare occurrence of bone metastases, as well as to breast
cancer with frequent occurrence of bone metastases.*® Thus,
further studies should focus on promoting the diagnosis of
bone metastases and developing more effective therapeutics
to prevent and improve bone metastases.

Our study showed that EMCTCs and MCTCs had associ-
ation with worse clinical outcomes. TCTCs, however, had no
significant correlation with OS. Presently, few studies explore
the correlation between the subpopulations of CTCs and OS.
In their research of lung cancer, Punnoose et al'! found that
higher baseline CTC levels and decreased CTC levels upon
treatment were associated with the response assessed by the
Response Evaluation Criteria in Solid Tumors and longer
progression-free survival. CTC levels are also regarded as
a prognostic marker of metastatic prostate, breast, and col-
orectal cancer.'>%3% Although the above studies indicate that
CTCs can be used as a prognostic factor, Hanssen et al'” had
emphasized the significance of analyzing the subpopulations
of CTCs. The results of our study, to some extent, indicated
the prognostic values of the CTC subpopulations. However,
due to the small sample size of our study, it is too early to
conclude that EMCTCs and MCTCs were the independent
prognostic factors. Studies with larger sample size of NSCLC
patients are needed to further investigate the prognostic
values of the CTC subpopulations.

T cells play a crucial role in defending against infection
and cancer.>® Nevertheless, few clinical studies have inves-
tigated the association between CTCs and T cells. We found

that T-cell levels were negatively associated with the levels of
CTCs no matter whether these correlations were significant
or not. Furthermore, EMCTCs were negatively and signifi-
cantly associated with CD3* T cells and cytotoxic (CD8")
T cells, which, to some extent, corresponded to the studies
by Mego et al’” and Gruber et al.> Mego et al” pointed out
that patients with =1 CTC had lower percentage of T-cell
receptor-activated CD8" T cells and a higher percentage
of T-regulatory lymphocytes, compared to patients with-
out CTCs. Gruber et al® found that in breast cancer, CD4*
T cells and CD8* T cells showed no significant association
with CTCs, but CD95 (FAS)-positive T-helper cells were
significantly increased in CTC-positive cases. Several studies
indicated that a strong infiltration of cytotoxic T cells cor-
relates with longer survival.’'*? Hence, impairment of the
immune system can lead to the occurrence of increasing
peripheral CTCs. Energy deficiency and glycolysis which
is due to hypoxia leads to restraint of activation, prolifera-
tion, and longevity of CD8" T cells.**** Hence, the levels of
CTCs were negatively correlated with CD8* T-cell-mediated
immune response.

However, in the detection of T cells, we were unable to
classify CD4* T cells into T-helper cells and T-regulatory
cells. In our study, the levels of CD4* T cells were negatively
associated with CTCs, however the results were insignificant.
As the components of CD4* T cells are complex, different
types of CD4* T cells may have reverse association with
survival or the levels of CTCs. For example, a study by
Tosolini et al*® discovered that in colorectal cancer, infil-
trating Th1 cells and CD8" cytotoxic T cells constituted a
positive prognostic sign; by contrast, myeloid cells and the
expression of Th17 cells were negatively associated with
disease-free survival.

Conclusion

Analyzing the molecular characteristics of CTCs is crucial to
understand and inhibit the biologic characteristics of tumor
metastasis. The mechanism of the behaviors of the CTC
subpopulations in metastasis, prognosis, and the immune
system is still unclear. Whether EMT is a necessity and
what kind of microenvironment in the bone marrow drives
CTC homing preference, proliferation, and remetastasizing
needs further investigation. In addition, it is still a challenge
to apply the correlations of CTC subpopulations and cancer
immunoediting mediated by T cells to diagnose the severity
of cancer and to conduct therapeutics. Clinical studies with
larger sample and longer periods of follow-up are needed to
validate these findings.
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