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Abstract: Background: Base on the “seed and soil” theory, the presence of circulating tumor cells (CTC) in breast
cancer has been suggested to be the active source of metastatic spread in primary tumors. During metastasis
formation, epithelial cells undergo massive changes in their characteristics and increase their motility in order to
migrate, a process termed epithelial-to-mesenchymal transition (EMT). Here, we applied a quantifiable, dual-colo-
rimetric RNA-in situ hybridization assay in exploring whether CTC or its subtypes in peripheral blood could be suit-
able biomarkers in early breast cancer. Methods: A total of 5 ml of blood was analyzed for CTC with the CanPatrol™
system (SurExam, Guangzhou, China) for the detection and classification of CTCs. Results: CTCs consist of different
epithelial and mesenchymal compositions were observed in 115/142 (81.0%) patients. Sixty-seven of 142 patients
investigated were positive for lymph nodes, and 52.8% (75/142) were negative, respectively. The presence of CTC at
baseline was correlated to lymph node metastases (P=0.042), but no association was found with tumor size, grad-
ing, histological types, hormone receptor status or molecular subtypes. Strikingly, nodal involvement is positively
correlated with the exclusively epithelial marker positive CTC (defined as EpCAM+ and/or CK8+ and/or CK18+ and/
or CK19+ by a multi-marker probe, P=0.010). Conclusions: Our finding suggest that CTC and its subpopulations
were observed visually by the currently used detection methods and evaluation of CTCs in early stage breast cancer
patients provides potential clinical information. A subset of CTCs in patients with early BC shows EMT and the clini-
cal relevance on the prognosis of CTCs has to be further validated in a prospective trial.
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Introduction

Breast cancer is most common carcinoma in
women. Formation of metastasis is ultimately
responsible for the majority of cancer-related
deaths. Two-hundred years ago, Paget (1889)
proposed that tumor cells are seeds which
grow more readily in certain types of soil (org-
ans) [1, 2]. With the increasing understanding
of metastasis as a multistep cascades, cancer
disseminated cell in the blood is responsible
to one of the first step of the metastatic pro-
cess, while micrometastasis in a distant organ,
like the bone marrow, reflects a more advanced
stage [3]. Circulating tumor cells (CTCs) are rare
tumor cells that survive in peripheral blood of
cancer patients. In recent decades, researches
report the detection of CTCs in different types
of tumors and suggest evaluating CTCs has
clinical relevance in the monitoring and the
outcomes of metastatic tumors [4, 5]. Some

studies have confirmed that CTCs can be enri-
ched and identified using a wide variety of dif-
ferent strategies [6], which are not only based
on physical methods but also focus on biolo-
gical properties [7], endowing their ability to
invade, proliferate, and cause a metastasis.

The presence of epithelial-mesenchymal transi-
tion (EMT) features on CTCs has been investi-
gated in several studies. EMT is thought to be
induced by the tumor microenvironment or in
response to hypoxia [3], and to be involved in
CTCs generation and survival [8]. In the actua-
tion of the EMT program, epithelial cells lose
epithelial characteristics and mesenchymal
traits such as N-cadherin, vimentin, twist and
fibronectin are overexpressed, resulting in enh-
anced their ability of aggressive potential [9].
By the study of Yu indicates that CTCs consist
of epithelial and mesenchymal compositions
and exhibit dynamic changes during a new line
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of systemic treatment [10]. Therefore, com-
pared with conventional clinical tools for cancer
management, CTCs can be used as an early
predictor of metastatic potential in breast can-
cer patients [11-13], although the underlying
nature of these cells and their biological fea-
tures are still poorly to be further confirmed.
Most large prospective trials concentrate CTC
detection on metastatic breast cancer [14-16],
and conduct evaluation of CTC to clinical rele-
vance. But only a few studies devoted to CTCs
in early breast cancer patients.

We postulated that the CTCs may lose their
epithelial characteristics and acquire mesen-
chymal phenotypes at the time of initial pro-
cess of metastasis. Thus, our study is to test
the presence of CTCs and evaluate the CTC
subpopulations at baseline using quantifiable,
MRNA-in situ hybridization in early breast can-
cer patients prior to a systemic treatment.

Materials and methods
Patients

This study was conducted at the First Affiliated
Hospital of Guangxi Medical University from
July 2015 to December 2015. One hundred
and forty-two patients with invasive breast car-
cinoma, staging I-lll, have been studied. Pati-
ents with distant metastasis at the time of
initial diagnosis were excluded. For eligible
patients, peripheral blood samples for CTC
status analysis were collected at the time of
primary surgery or prior to neoadjuvant che-
motherapy. This study was approved by our ins-
titutional review board. Informed and written
consent was obtained from all the patients
involved in this retrospective study.

Collection of CTCs and classification of CTCs by
mMRNA in situ hybridization (ISH) assay

For the recruited patients, 5 mL peripheral
blood samples were collected pre-surgery or
prior to neoadjuvant chemotherapy, and ana-
lyzed with The CanPatrol CTC enrichment tech-
nique. Red blood cell lysis buffer was used to
lyse erythrocytes, and then PBS containing
4% formaldehyde (Sigma, St. Louis, MO, United
States) was used to resuspend the remaining
cells for 5 min. After that, a filtration system
consisted of a calibrated membrane (SurExam,
Guangzhou, China) with 8um pores filters, a
manifold vacuum plate with valve settings
(SurExam, Guangzhou, China), an E-Z 96 vacu-
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um manifold (Omega, Norcross, USA), and a
vacuum pump (Auto Science, Tianjin, China)
were applied, which enable to separate small
leukocytes from the large epithelial cells.

We identified and examined the expression
levels of epithelial and mesenchymal markers
in CTCs using a multiplex RNA-in situ hybridi-
zation (RNA-ISH) assay combined with a bran-
ched DNA signal amplification technology. The
detail procedure was performed as previo-
usly described [17]. Briefly, the cells retained
on membrane were treated with a protease
(Qiagen, Hilden, Germany). In situ hybridization
was carried out with a cocktail probe which was
specific for the epithelial biomarkers (EpCAM
and CK8/18/19), the mesenchymal biomark-
ers (vimentin and twist), and the leukocyte bio-
marker CD45. Hybridizations were performed
at 42°C for 2 hours. The membranes subjected
a serial of hybridization reactions were washed
and incubated in preamplifier solu-tion (30%
horse serum (Sigma, St. Louis, USA), 1.5% sodi-
um dodecyl sulfate (Sigma, St. Louis, USA), and
the signal amplification step were then per-
formed. Subsequently, Three types of fluores-
cently labeled probes had been conjugated
with 3 kinds of fluorescent dyes, and incubat-
ed at 42°C for 20 minutes. After washing with
0.1x SSC, the cell nucl-eus was stained with 4,
6-diamidino-2-phenylindole (DAPI) [17].

Evaluation of ISH staining and
Immunohistochemical analysis of the primary
tumor

The samples were analyzed with a fluores-
cence microscope using a 100x oil objective
(Olympus BX53, Tokyo, Japan). The red and
green dots of fluorescent signal observed in
the cells represented the epithelial and mes-
enchymal gene expression levels, respectively.
The purple fluorescent dots represented the
CD45 gene level (the markers of leukocytes).
For the patients enrolled in this study, the
tumor type, TNM staging and grading were
assessed according to the WHO Classification
of tumors of the breast and the 7th edition of
the TNM Classification System. Tumors were
defined as hormone receptor-positive if 1 per-
centage or higher of cells with immunohi-
stochemical nuclear staining for estrogen, pro-
gesterone, or both. HER-2/neu (also knew as
ErbB-2 oncogene) status was determined using
IHC analysis or FISH analysis, samples that
had a strong (3+) stain intensity on IHC analysis
or gene amplification by FISH were considered
HER-2 positive.

Int J Clin Exp Pathol 2017;10(3):3401-3408
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Table 1. Data of patient characteristics

Variable Number of Cases %
Total 142
Age Median (range) 47 (25-77)
Histological type

Ductal 130 91.5

Lobular 6 4.2

Others 6 4.2
Tumor sizes

T1 58 40.8

T2 80 56.3

T3 4 2.8
Grading

G1 5 3.5

G2 82 57.7

G3 27 19.0

Gx 28 19.7
Nodal status

Negative 75 52.8

Positive 67 47.2
ER status

Negative 44 31.0

Positive 98 69.0
PR status

Negative 46 32.4

Positive 96 67.6
HER-2 status

Undefined 18 12.7

Negative 97 68.3

Positive 27 19.0
Molecular subtypes

Luminal A 32 22.5

Luminal B 70 49.3

HER2-overexpression 16 11.3

Triple-negative 24 16.9

HER-2 status: samples that had a strong (3+) stain inten-
sity on IHC analysis or gene amplification by FISH were
defined as HER-2 positive.

Statistical analysis

Statistical analyses were performed using IBM
SPSS statistics, Version 21. All patients data
were displayed as median and range (or mean
and SD) for continuous variables or as frequen-
cies and proportions for categorical variables.
Associations between CTC count and clinico-
pathological parameters were assessed by chi-
squared test or Fisher’'s Exact Test. A p-values
less than 0.05 were considered to be statisti-
cally significant.
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Results
Patient characteristics

A total of 142 patients with early breast cancer
(median age 47 years, range 25-77 years, stag-
ing I-1ll) were enrolled in our study. Detailed
clinical characteristic is presented in Table 1.

Prevalence of CTCs and correlations to clinical
relevance

Patients were assessed as CTC-positive if at
least one CTC was detected. CTCs were defined
as exclusively epithelial biomarkers-positive
(E+) cells or exclusively mesenchymal biom-
arkers-positive (M+) cells if at least one red dot
or green dot fluorescent signal was observed
with the fluorescence microscope, respectively.
Notably, we have found that a portion of CTCs
those emitting red and green dots fluorescent
signal, which defined as biphenotypic (E+ and
M+) cells (Figure 1).

CTCs enrichment and classification with mRNA
in situ hybridization (ISH) assay was succes-
sful in 81.0% (115/142) of cases before the
start of systemic treatment (median=2.0 cells,
range 0-21 per 5 ml of peripheral blood). The
frequency of CTC positive patients was 74.7%
(n=56 of 75) of node-negative and 88.1% (n=59
of 67) of node-positive patients showing CTCs
(P=0.042, Table 2), whereas no any statisti-
cally significant correlation between presence
of CTC and other clinicopathelogical character-
istics including tumor size, TNM staging, histo-
logical types, hormone receptor status, HER-2
status or molecular subtypes (data not shown).

Strikingly, nodal involvement is statistically sig-
nificant correlated with the presence of exclu-
sively epithelial marker positive CTC (defined
as EpCAM+ and/or CK8+ and/or CK18+ and/
or CK19+ in a multi-marker probe, P=0.010,
Table 3), but no statistically significant correla-
tions with the presence of biphenotypic (E+ and
M+) cells or exclusively mesenchymal marker
positive CTC.

EMT-related phenomenon in early breast can-
cer

One-hundred fifteen patients (81%) were CTC
positive. The frequency of epithelial and mes-
enchymal compositions was heterogeneous in

Int J Clin Exp Pathol 2017;10(3):3401-3408
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CTC
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Figure 1. EpCAM, CK8/18/19, vimentin and twist expression in CTCs and 3 types of CTCs from patient with breast
cancer. A: Epithelial CTCs stained for EpCAM, CK8/18/19 expression (red fluorescence); B: Hybrid CTCs stained for
EpCAM, CK8/18/19 (red fluorescence), vimentin and twist expression (green fluorescence); C: Mesenchymal CTCs
stained for vimentin and twist expression (green fluorescence).

Table 2. Patient characteristics at baseline for CTC count (CTC=0 per 5 mL vs CTC >1 per 5 mL) be-
fore start a systemic treatment (n=142)

Variable P-value
Histological type Ductal vs Lobular vs others 0.615*
Tumor sizes T1vs T2 vs T3 0.114%*
Grading G1 vs G2-3 0.327%*
Nodal status Negative vs Positive 0.042A
ER status Negative vs Positive 0.866A
PR status Negative vs Positive 0.908A
HER-2 status Negative vs Positive 0.434A
Molecular subtypes Luminal A vs Luminal B vs HER-2 overexpression vs Triple-negative 0.432*

ATwo-sided x? Test. *Two-sided Fisher’s Exact Test.

Table 3. Association between CTC presence at baseline and lymph node metastases

CTC Lymph node metastases P-value
Negative (%) Positive (%)
n=75 n=67

Total CTCs 0 19 (25.3) 8(11.9) 0.042
>1 56 (74.7) 59 (88.1)

Number of samples containing exclusively E+ CTC 0 36 (48.0) 18 (26.9) 0.010
>1 39 (52.0) 49 (73.1)

Number of samples containing Biphenotypic E+ and M+ CTC 0 36 (48.0) 30 (44.8) 0.701
>1 39 (52.0) 37 (565.2)

Number of samples containing exclusively M+ CTC 0 55 (73.3) 50 (74.6) 0.861
>1 20 (26.7) 17 (25.4)

individual patients. A intermediate state wh- CK8/18/19) and mesenchymal markers (vim-

ich coexpression of epithelial markers (EpCAM, entin and twist) was also observed as men-
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tioned above. Hence, we defined eight types
of combination of three different CTC phe-
notypes, including: 1) none of three subtypes
were detected, 2) only purely E+ CTC was
detected but not biphenotypic or exclusively
M+, 3) only biphenotypic E+ CTC was dete-
cted but not exclusively E+ or exclusively M+,
4) only purely M+ CTC was detected but not
biphenotypic or exclusively E+, 5) both of bip-
henotypic CTC and exclusively E+ CTC were
detected but not exclusively M+, ©6) both of
biphenotypic CTC and exclusively M+ CTC were
detected but not exclusively E+, 7) both of
exclusively E+ CTC and exclusively M+ CTC
were detected but not biphenotypic, 8) three
of subtypes were observed.

Subsequently, we found that exclusively M+
CTC but not biphenotypic CTC or exclusively
E+ CTC was not observed. The CTCs from pati-
ents predominantly compose of exclusively E+
CTC and biphenotypic (E+/M+) phenotypes.
The occurrence of exclusively E+ cells in pati-
ents with nodal involvement was more freg-
uent than patient with negative lymph nodes
(Figure 1). Although there was an increase in
the number of mesenchymal CTCs in patients
without lymph nodes metastases, these data
did not show a statistically significant differ-
ence in our analysis, which might be due to the
relative small sample size.

Discussion

Numerous studies have confirmed that a
negative correlation between the evaluation
of CTC levels, assessed by CellSearchTM sys-
tem, and the prognosis in patients with meta-
static cancers of the breast, prostate, and
colon [18]. CTC detection rate is varying in dif-
ferent researches. Raimondi and co-workers
showed that EpCAM-positive, CK-negative cells
can be found in blood circulation. Since epithe-
lial biomarkers on cell surface were downre-
gulated induced by EMT process in cancer
dissemination, using the standard definition of
CTCs as EpCAM+, CK+, and CD45-cells, proxi-
mately 30% patients failed to find them in
peripheral blood [19]. They also reported about
a subset of CTCs characterized by EpCAM+,
CK-, and EMT maker+ (vimentin/fibronectin+),
while the prognosis significance of these cells
is unclear. A previous study shows that a cor-
relation was observed between mesenchymal
CTCs and disease progression [10] and these

3405

cells being frequently detected in metastatic
breast cancer compared to early stage [9].
Therefore, it is necessary for CTC detection
using a multimarker-based approach. Taking
all these considerations into account, we app-
lied a quantifiable, multi-marker ISH assay
combine with physical isolation for the identifi-
cation of CTC-associated transcripts in early
breast cancer patients. This method has been
successfully applied for the detection and char-
acterization of CTC in patients with liver, naso-
pharyngeal, breast, colon, gastric cancer, and
non-small-cell lung cancer (NSCLC) in a limited
patient cohort [17, 20].

In this study, CTCs were detected in 81.0%
(115/142) of cases. We confirmed that a sig-
nificantly different CTCs (define as EpCAM+
and/or CK8, 18, 19+ and/or vimentin+ and/or
twist+) detection rate between node-positive
and node-negative patients (88.1% vs 74.7%,
P=0.042). Some studies have revealed that
CTCs might be independent of lymph node
status [21, 22]. Controversies still persist reg-
arding whether CTCs presence is related to
nodal involvement or other clinicopathological
characteristics, especially in early breast can-
cer patients. The SUCCESS trial indicates that
the presence of CTCs was positively corre-
lated with lymph node metastases and their
presence predicted decreased progression-
free survival and overall survival both before
and after adjuvant chemotherapy [23].

Hara Polioudaki et al. demonstrated that vari-
able expression levels of keratin and vime-
ntin of circulating tumor cells revealing diffe-
rential EMT status [24]. Yu and colleagues also
showed that epithelial and mesenchymal pat-
terns exist dynamic changes during therapy,
and mesenchymal CTC occurred frequently at
the time of tumor progression [10]. Strikingly,
in our analysis, we observed a positive corre-
lation between purely E+ phenotype presence
and nodal metastasis (73.1% for LN-positive
patients vs 52.0% for LN-negative patients,
P=0.010). Our findings also show that in addi-
tion to cells coexpressing epithelial and mes-
enchymal markers, there exists a subset of
CTCs that are EpCAM-negative, CK-negative
and more mesenchymal-like. At least one of
the mesenchymal markers was expressed
in 54.9% (78/142) of the patients (data no
shown), but lack of relationship between this
CTC subpopulation and clinical characteristics.

Int J Clin Exp Pathol 2017;10(3):3401-3408
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Figure 2. Distribution of Epithelial CTCs, Hybrid CTCs, Mesenchymal CTCs of 142 patient with breast cancer (Node-

negative n=75, Node-positive n=67).

Unfortunately, we have not found only purely
M+ CTC phenotypes in individual patients
(Figure 2). Several studies also reported mes-
enchymal CTC from breast cancer patients
were isolated, but the clinical impact and basis
mechanism of these cells have to be further
confirmed yet [25, 26]. It is still unclear whe-
ther no clinical relevance of these mesen-
chymal CTCs at present are due to either the
limitation of single cell characterization tech-
niques, leading to false negative results, or to
a real major intrinsic dissemination proper-
ties that we ignored at the very first. To form
a micrometastasis, disseminated tumors cells
might be subject to a complex selection, and
the outcome of the process is dependent on
both the intrinsic properties of tumor cells and
the response of the host [27]. Although the
enumeration of mesenchymal marker-positive
CTCs did not relate to lymph node status in
current study, there is great heterogeneity
to the number of CTCs isolated from indivi-
dual patients, and further studies have to be
done to determine functionality of these CTC
subpopulations.

A limitation of our study is that due to the rela-
tively small sample size and shorter follow-up
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time, assessment of the impact of the analy-
zed markers on patients’ survival is not allo-
wed. We have to point out that we do not eva-
luate EMT-related dynamic changes on circul-
ating tumor cells because lack of sequential
blood samples post-surgery or post-chemoth-
erapy. However, patients in this study must be
under observation all the way and survival
analysis will be done at the proper time.

Conclusion

Many studies indicate that CTC is an indepen-
dent factor associated with prognosis in met-
astatic breast cancer. Very few studies have
been performed for CTCs in early breast can-
cer patients. We suggested that CTCs dete-
cted in early stage breast cancer patients
provides potential clinical information. Notably,
we visually observed CTCs undergoing EMT
using a quantifiable, multi-marker RNA-in situ
hybridization assay, indicating that CTCs is a
subset of tumor cells which has heterogeneous
biological properties. Furthermore, it could be
shown that classify CTCs into the subtypes
characterized by epithelial-to-mesenchymal
marker might help identify patients at higher
risk of an unfavorable outcome.

Int J Clin Exp Pathol 2017;10(3):3401-3408
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