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Circulating tumor cells (CTCs) are tumor cells that leave the primary tumor site and enter the bloodstream,
where they can spread to other organs; they are very important in the diagnosis, treatment, and prognosis of
malignant tumors. However, few studies have investigated CTCs in esophageal squamous cell carcinoma (ESCC).
The aim of this study was to investigate the CTCs in blood of ESCC patients and its potential relevance to clin-
icopathological features and prognosis.

CTCs were acquired by a negative enrichment method that used magnetic activated cell sorting (MACSTM).
Fluorescent immunohistochemistry (IHC) was used to identify the CTCs. Then, the positive CTC patients with
ESCC were analyzed, after which the relationship between CTCs and clinicopathologic features was evaluated.
In the present study, 62 out of 140 (44.3%) patients with ESCC were positive for CTCs. The positive rate of CTCs
was significantly related with stage of ESCC patients (P=0.013). However, there was no relationship between
CTC status and age, sex, smoking tumor history, tumor location, differentiation of tumor, lymphatic invasion,
or lymph venous invasion (P>0.05). Kaplan-Meier analysis showed that patients positive for CTCs had signifi-
cantly shorter survival time than patients negative for CTCs. Multivariate analysis demonstrated that stage and
CTC status were significant prognostic factors for patients with ESCC.

CTCs positivity is an independent prognostic biomarker that indicates a worse prognosis for patients with ESCC.
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Background

Esophageal carcinoma is a malignant tumor originating from
the epithelium of the esophagus, and it has the characteristics
of strong invasiveness and high mortality [1]. Around 300 000
people die of esophageal cancer every year around the world,
but its incidence and mortality varies greatly in different coun-
tries. China has one of the highest incidences of esophageal
cancer, at around 150 000 deaths per year [2]. Approximately
90% of these are cases of esophageal squamous cell carcino-
ma (ESCC). Distant metastasis and tumor recurrence are the
main causes of death in patients with ESCC.

Circulating tumor cells (CTCs) are tumor cells that leave the
primary tumor site and enter the bloodstream, where they
can spread to other organs [3]. CTCs are very important in
the diagnosis, treatment, and prognosis of malignant tumors.
Abnormal proliferation of tumor cells results in decreased ad-
hesion between cells, and between cells and the surround-
ing matrix. This loss of adhesion allows tumor cells to escape
from the primary tumor into the circulatory system and be-
come CTCs with the capacity for invasion and metastasis [4,5].
Compared with lung cancer, gastric cancer, breast cancer, and
colorectal cancer [6-9], there has been less research into CTCs
from esophageal cancer.

There are many methods for detecting CTCs. In this study, the
CTCs were acquired by a negative enrichment method that
used magnetic activated cell sorting (MACS™). Fluorescent
immunohistochemistry (IHC) was used to identify the CTCs.
Then, the proportion of patients with ESCC who were positive
for CTCs was analyzed, after which the relationship between
CTCs and clinical pathological features and the prognosis of
patients with ESCC was evaluated.

Material and Methods

Patients and samples

All patients were treated at the First Hospital of Lanzhou
University for ESCC and those with complete clinical data were
enrolled. All procedures involving human participants were
performed in accordance with the ethical standards of the in-
stitutional and/or national research committee and with the
Helsinki Declaration and its later amendments or compara-
ble ethical standards. All 140 patients underwent surgical re-
section, and 16 of them were underwent esophageal cancer
palliative resection. Among the 140 patients, 124 with ESCCs
received chemotherapy or radiotherapy after surgery. A total
of 140 patients were included in the present study and they
were diagnosed with primary ESCC based on pathological find-
ings. The patients were 117 men and 23 women, ranging in
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age from 36 to 78 years (mean +SD: 62.848.5 years). The tu-
mor-node-metastasis (TNM) stage of the ESCC patients was
defined according to the 7t edition of the TNM classification
of the International Union Against Cancer [10]. In addition, 25
healthy volunteers without cancer were randomly selected as
a control group. Informed consent was obtained from all in-
dividual participants included in the study. The clinical and
pathological features of the 140 patients with ESCC are sum-
marized in Table 1.

Enrichment of CTCs

Blood (5 ml) was collected into citrate anticoagulant blood col-
lection tubes from the patients with ESCC after fasting. Four ml
of whole blood was mixed with a buffer to lyse the red cells.
Then, the labelled magnetic particles (Lyle Bio Pharmaceutical
Technology Co., Ltd., Jiangsu, China) was added and centrifuged
for 20 min. A mixed solution of 3 ml of metal salts and phos-
phate-buffered saline (PBS) was added, and it was centrifuged
for 5 min at room temperature (300 r/min). There were 3 lay-
ers in the solution after centrifugation. The upper 2 layers of
solution was collected and placed in a 15-ml centrifugal tube,
then we added concentrated (10 times to 14 ml) PBS and bo-
vine serum albumin (BSA) buffer and centrifuged it for 5 min
at a speed of 950 r/min at room temperature. The supernatant
was removed to make a volume of 300 pl after being mixed
well. The specimen was transferred to a new centrifuge tube
and put on a magnetic frame (Promega Corporation, Madison,
WI) for 2-3 min. The eluted liquid was removed into 1.5-ml
centrifuge tubes separately, placed into the top of a 15-ml cen-
trifuge tube, and centrifuged for 5 min at a speed of 2000 r/
min for 3 min. The supernatant was removed to make a vol-
ume of 100 pl, then we added fixing liquid to it and allowed
it to dry naturally at room temperature for 24 h.

IHC

The dried specimen was fixed, aged, dehydrated, covered
with a coverslip, and sealed without bubbles. The specimens
were placed in an automatic hybridizer for 1.5 h. The speci-
men then had the coverslips removed and the samples were
washed with 0.2% BSA solution. After removal of the BSA so-
lution from the specimen, the rabbit antihuman CK19 poly-
clonal antibody and mouse antihuman CD45 monoclonal an-
tibody (Lyle Biological Medicine Technology Co., Ltd., Jiangsu,
China) was added to the specimen. After incubating it for 1 h
in the dark at room temperature, the specimens were washed
with BSA solution twice to rinse out the remaining liquid. We
added 10 pl of 4, 6-diamidino-2-phenylindole (DAPI; Sigma-
Aldrich, St. Louis, MO) counterstain into the area of the spec-
imen, applied a coverslip, and read the specimen under a flu-
orescence microscope.
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Table 1. Clinicopathologic features and tumor characteristics.
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The criteria of CTCs

The complete morphology and nucleus of the cells could be
observed under the light microscope. The interpretation of the
results of immunofluorescence staining was CK19(+), CD45(-),
and DAPI(+). Cells with a signal »>2 and without blood-borne
leukocyte surface antigen (red circle or a red plate) were count-
ed as positive CTCs. Cells positive for the presence of blood-
borne cell surface antigen (red circle or sheet) or the signal <2
were counted as negative CTCs.
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Statistical analyses

The relationships between CTCs and clinical pathological char-
acteristics of patients with ESCC were analyzed with the chi-
square test. The survival of patients with ESCC was analyzed
by the Kaplan-Meier method. Cox proportional hazards models
were used for the multifactor analysis. The primary outcomes
were disease-free survival (DFS) and overall survival (OS). SPSS v.
17.0 statistical software (SPSS, Chicago, IL) was used for statis-
tical analysis. Statistical significance was defined when P<0.05.
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Figure 1. The CTCs of ESCC patients detected by the fluorescent immunohistochemistry (IHC). (A, B) Means negative CTCs; (C, D)
Means positive CTCs; green arrows indicate cell with 1 signal point; yellow arrows indicate cells with 2 signal points; orange
arrow indicate cell with red plate; red arrows indicate cells with more than 2 signal points.

Results

CTCs analysis

No positive of CTCs was identified in any blood specimens of
the 25 healthy volunteers. Positive of CTCs were identified in
62 of 140 patients with ESCC (44.3%). Figure 1 shows the CTCs
detected by fluorescent ICH.

Relationship between CTCs status and clinicopathological
findings.

Table 2 summarizes the clinicopathological features of the pa-
tients with ESCC. Of the 140 patients with ESCC, 62 were pos-
itive for CTCs according to the current criteria. In this study,
CTCs positivity was found in 11.5% of patients with stage |,
21.0% with stage Il, and 48.4% with stage llI-IV. The posi-
tive rate of CTCs was significantly related with stage status of
ESCC patients (P=0.013), meaning that stage was significant-
ly more advanced among CTCs-negative patients compared

with CTCs-positive patients. However, there was no relation-
ship between CTC status and age, sex, smoking history tumor,
tumor location, differentiation of tumor, lymphatic invasion,
or lymph venous invasion (P>0.05).

Survival analysis

According to the detection result, 140 cases ESCC patients were
divided into 2 groups by CTCs status (positive and negative
for CTCs). Kaplan-Meier analysis showed that CTCs-positive
patients had significantly shorter survival time (DFS and OS)
than CTCs-negative patients (Figure 2). Results of univariate
analysis of OS are summarized in Table 3. OS was significant-
ly correlated with differentiation, pT, pN, stage, lymphatic in-
vasion, and CTCs status, and was significantly longer in CTCs-
negative patients than in CTCs-positive patients (P=0.013).
Multivariate analysis demonstrated that stage and CTCs sta-
tus were significant prognostic factors for OS and DFS of pa-
tients with ESCC (Table 4).
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Table 2. Correlation between clinicopathological findings and CTCs status.

Characteristic Negative (%)
n=78

Age (years) 0.577
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Figure 2. Kaplan-Meier curves of ESCC patients according to CTCs status. (A) Disease-free survival (DFS); (B) Overall survival (OS).

Discussion

CTCs are tumor cells that enter the peripheral blood circu-
lation from the primary tumor or metastasis [11]. They are
an early form of recurrence and metastasis of malignant tu-
mors [11,12]. CTCs are also known as rare blood cells, tumor
micro-metastasis, latent tumor cells, or circulating epithelial
cells [3,13,14]. CTCs exist in many forms in the peripheral cir-
culation, either independently or in the form of cell clumps.
Some CTCs may also be combined with platelets, which form
a shell on the CTCs surface. Under normal circumstances, the
CTCs will be destroyed by natural killer cells in the peripheral
circulation [15,16]. However, CTCs combined with platelets form-
ing a shell can escape from the immune surveillance of natu-
ral killer cells and become closely associated with endothelial
cells, which leads to the occurrence of tumor cell metastasis.

The detection of CTCs is mainly divided into 2 steps: enrichment
and identification of CTCs. Enrichment involves sorting out tu-
mor cells using some physical characteristics such as the size
and density of tumor cells or by the specific binding of antigens
and antibodies. Identification involves counting the number of
cells and analyzing the characteristics of the tumor cells using
the specific markers in the nucleus or on the surface of tumor
cells. In this study, we used an immunomagnetic separation
method to enrich for tumor cells, and used IHC to identify the
CTCs. CK19 is a sensitive marker of epithelial cells and epithe-
lial tumor cells, so CK19 was used as a marker in the identifi-
cation of CTCs. In the enrichment process, a small number of
white blood cells remained and CD45 may be expressed on
the surface of normal white blood cells. Therefore, we identi-
fied CK19-positive/CD45-negative cells as CTCs.

Most theories of tumor metastasis suggest that tumor cells
fall off and migrate into the peripheral circulation during the
primary stage of tumor metastasis. For some patients from
whom tumor tissue cannot be easily obtained, the detection
of CTCs in the peripheral circulation can provide a new way to
determine their prognosis and may provide new methods for
their treatment. Therefore, it is of clinical significance to de-
tect CTCs in the peripheral circulation of patients with malig-
nant tumors. The relationship between the prognosis of pa-
tients with breast cancer and CTCs has been demonstrated in
many previous studies [17-19]. Compared with histological
examination of tumor tissue, CTCs are easy to obtain, can be
treated repeatedly, and are relatively noninvasive. This may
become a new method for performance of “tumor biopsies in
real-time.” In this study, the positive rate of CTCs was relat-
ed with stage status of ESCC patients. This means that CTCs-
positive ESCC patients are at a more advanced stage of dis-
ease compared with CTCs-negative ESCC patients. However,
there was no relationship between CTCs status and age, sex,
smoking, tumor history, tumor location, differentiation of tu-
mor, lymphatic invasion, or lymph venous invasion.

Recently, good progress has been made in research on CTCs,
particularly for patients with carcinoma. Gao et al. explored
CTCs levels in pancreatic cancer by using a newly-developed
platform-integrated subtraction enrichment and immunos-
taining-fluorescence in situ hybridization (SE-iFISH). Results
showed that CTCs could be detected in pancreatic cancer pa-
tients in various stages, whether localized, locally advanced, or
metastatic [20]. CTCs count could serve as a prognostic marker
for metastatic malignant tumors, but the latest studies show
that CTCs has positive significance in early recurrence of ma-
lignant tumors. Some researchers have examined the CTCs
levels in patients with colorectal cancer by using a sensitive
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Table 3. Univariate survival analysis of clinicopathological findings.
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device. Eventually, they found that CTCs may be a simple, in- results suggest that CTCs could be used to predict early recur-
dependent prognostic marker for non-metastatic colorectal rence of ESCC patients who received surgical treatment. This
cancer patients who are at high risk of early recurrence [21]. requires further study so that postoperative CTCs detection
In the present study, we observed that CTCs positivity was as- can improve patient survival.

sociated with advanced tumor stage in ESCC patients. These
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Table 4. Multivariate survival analysis of clinicopathological findings.

Variables

Overall survival Lymphatic invasion-positive

CTCs-positive

CLINICAL RESEARCH

Hazard ratio 95% confidence interval P

1.57 0.83-3.01 0.32
""""" 215 13248 00035
""""" 182 091488 0046
""""" 241 075702 o016
""""" 264 118534 0039
""""" 302 183-s81 00021
""""" 186  087-315 0035

The mechanism of formation of CTCs in patients with malignant
tumors may be that the tumor cells located in their original
position transform from epithelial to mesenchyme cells [22].
The adhesion between mesenchyme cells is decreased. These
deciduous cells have a stronger propensity for movement
and invasion. They can cross the surrounding matrix, invade
blood vessels, and become tumor cells in the peripheral cir-
culation [23,24]. CTCs can be combined with platelets, which
form a layer or shell using tissue factors of the cell surface [15].
This prevents the immune killer cells from recognizing the
surface antigens of tumor cells, so that CTCs can escape im-
mune surveillance [25]. Some proteins are expressed abnor-
mally, such as integrin proteins, and they are also involved in
leading tumor cells into the circulatory system and forming
CTCs [26]. For the above reasons, CTCs- positive ESCC patients
are more likely to have regional or distant metastases in the
early stages of the disease. The results of long-term survival
analysis also confirmed this conclusion. The CTCs-positive pa-
tients had shorter survival than CTCs-negative ESCC patients.
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Multivariate analysis revealed that CTCs positivity is an inde-
pendent prognostic biomarker that indicates a worse progno-
sis for patients with ESCC.

Conclusions

CTCs-positive ESCC patients tend to have worse prognosis. We
predict that CTCs may be useful in early diagnosis of ESCC,
timely monitoring of the recurrence and metastasis of can-
cers, accurate assessment of patient prognosis, and guidance
of the clinical treatment.
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