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Abstract
PURPOSE: Gastric cancer studies indicated a potential correlation between circulating tumor cells (CTCs) in
peripheral blood and tumor relapse/metastasis. The prevalence and significance of circulating tumor microemboli
(CTM) in gastric cancer remain unknown. We investigated the prevalence and prognostic value of CTCs and CTM
for progression-free survival (PFS) and overall survival (OS) in gastric cancer patients. METHODS:Eighty-one gastric
cancer patients consented to provide 5 ml of peripheral blood before systematic therapy. CTCs and CTM were
isolated using isolation by size of epithelial tumor cells and characterized by cytopathologists. For 41 stage IV
gastric cancer patients, CTM was investigated as a potential biomarker to predict prognosis. RESULTS:CTCs were
detected in 51 patients; the average count was 1.81. In clinical stage I, II, III, and IV patients, the average CTC
counts were 1.40, 0.67, 1.24, and 2.71, respectively. CTM were detected in 3 of 33 clinical stage I to IIIb patients,
at an average of 0.12 (0-2). CTM were detected in 13 of 53 clinical stage IIIc to IV patients, at an average of 1.26 (0-
22). In stage IV patients, CTM positivity correlated with the CA125 level. PFS and OS in CTM-positive patients were
significantly lower than in CTM-negative patients (P b .001). CTM positivity was an independent factor for
determining the PFS (P = .016) and OS (P = .003) of stage IV patients in multivariate analysis. Using markers of
the epithelial-mesenchymal transition, single CTCs were divided into three phenotypes including epithelial CTCs,
biphenotypic epithelial/mesenchymal CTCs, and mesenchymal CTCs. For CTM, CK−/Vimentin+/CD45− and CK+/
Vimentin+/CD45− phenotypes were observed, but the CK+/Vimentin−/CD45− CTM phenotype was not. CA125
was detected in gastric cancer cell lines BGC823 and MGC803. CONCLUSIONS: In stage IV patients, CTM positivity
was correlated with serum CA125 level. CTM were an independent predictor of shorter PFS and OS in stage IV
patients. Thus, CTM detection may be a useful tool to predict prognosis in stage IV patients.
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Introduction
Gastric cancer is currently the fourth most commonly diagnosed
cancer and the third leading cause of cancer death worldwide [1].
Metastasis and recurrence after treatment are the leading causes of
cancer-related death. Currently, clinical decisions are made according
to the diagnosis based on tumor-node-metastasis (TNM) factors.
Tumor markers carcinoembryonic antigen (CEA), carbohydrate
antigen 19-9 (CA19-9), carbohydrate antigen 72-4 (CA72-4), and
carbohydrate antigen 125 (CA125) have been widely used in patients
with gastric cancer [2]. However, it is difficult to use serum tumor
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markers in the early diagnosis of gastric cancer due to low sensitivity
and specificity [3,4]. Moreover, recurrence or metastasis may occur
even after curative surgery in early-stage gastric cancer. Therefore, we
need more accurate biomarkers to predict the prognosis of patients
with gastric cancer. Recent studies on gastric cancer have indicated a
potential correlation between circulating tumor cells (CTCs) in the
peripheral blood and tumor relapse/metastasis [5], with the
presentation of CTCs related to worse overall survival (OS) [6,7].
CTCs survive in the bloodstream and interact with the microenvi-
ronment at distant sites, then promote the formation of metastases
[8,9]. Thus, as a noninvasive method, detection of CTCs is an
alternative approach due to the invasive characteristics of surgical and/
or biopsy specimens, dynamic molecular changes of tumor cells
during the therapeutic process, and tumor heterogeneity [10,11].
CTCs in peripheral blood are extremely rare, and the frequency is
approximately 1 CTC per 106 to 107 peripheral blood mononuclear
cells [12]. Thus, CTC research has been greatly limited by the
isolation and detection of CTCs. Currently, these methods are mainly
based on differences in physical and biochemical characteristic
between CTCs and blood cells [12]. As a technology based on
differences in the size and deformability of tumor cells and normal
blood cells, isolation by size of epithelial tumor cells (ISET) isolates
CTCs and circulating tumor microemboli (CTM) from whole blood
with a membrane filter [13]. ISET has been used to detect CTCs in
patients with prostate cancer, breast cancer, lung cancer, and
melanoma [14,15]. In patients with non–small cell lung cancer or
liver cancer, CTC/CTM detection by ISET was shown to be an
important tool to predict prognosis [16,17]. CTM, also known as
CTC clusters, have been detected in breast, lung, and colorectal
cancer [18–20]. Although rare in the circulation compared with single
CTCs, CTC clusters may possess stronger ability to transfer, greater
resistance to anoikis and cytotoxic drugs, and more metastatic
potential [18,21]. Indeed, studies on the CTM formation mechanism
will help develop new drug targets. Divella et al. [19] found that CTC
clusters were associated with increased level of TGF-β and CXCL1 in
the blood of patients with metastatic colorectal cancer, and in the
study of Aceto et al. [18], RNA sequencing showed that plakoglobin
expression was higher in CTC clusters than in single CTCs in patients
with breast cancer.

To our knowledge, few studies have examined CTM in gastric
cancer. The detection of CTM may increase the understanding of
metastasis and recurrence in gastric cancer, thus facilitating diagnosis
and treatment. We investigated the prevalence and number of CTCs
and CTM in patients with gastric cancer and evaluated the
relationship between CTC and CTM positivity and several clinical
factors. Furthermore, we investigated the correlation of CTM with
prognosis in patients with stage IV gastric cancer.

Patients and Methods

Case Selection
A total of 86 consecutive patients with gastric cancer from October

2014 to November 2015 at Wuhan Union Hospital were enrolled in
the study. The study was approved by the clinical investigation ethics
committee of Tongji Medical College, and signed informed consent
to participate in the study was obtained from all patients and controls.
Eighty-six gastric cancer patients, including 5 stage I cases, 15 stage II
cases, 25 stage III cases, and 41 stage IV cases, were enrolled in this
study. The inclusion criteria included a confirmed pathological
diagnosis of gastric cancer, ≥18 years old, no prior systemic medical
therapy for cancer or a minimum of a 6-month treatment-free period,
and World Health Organization Performance Status (WHO PS)
between 0 and 2. The exclusion criteria included any other previous
malignancy and severe organ dysfunction. The controls were
recruited from 30 healthy volunteers. Blood samples were obtained
from 86 patients for Diff-Quick staining at baseline. From the 86
patients, 30 more blood samples were obtained for immunofluores-
cence from 23 patients with clinical stages III to IV after treatment.
Peripheral blood was obtained before the initiation of treatment in 86
patients and at multiple time points after the initiation of treatment in
23 of the 86 patients. The first 1.5 ml of collected blood was
discarded to avoid contamination with epidermal cells. The peripheral
blood (5 ml) was collected in EDTA-containing tubes and processed
within 2 hours for the ISET assay. Routine blood test, liver and
kidney function, and serum tumor markers were performed before
each cycle of chemotherapy. Computed tomographic or magnetic
resonance images were used to measure tumors every 8 weeks during
therapy. Contrast-enhanced computed tomography or magnetic
resonance imaging is used for the diagnosis of tumor progression.

ISET Assay
CTCs were enriched using the ISET assay as described in an earlier

study by Vona et al. [22]. The samples were processed on an
automated platform according to the manufacturer's instructions.
Five milliliters of whole blood was diluted with 3-ml buffer
containing 0.2% paraformaldehyde and left for 10 minutes at room
temperature. Then, the 8 ml of diluted blood was filtered through a
membrane with 8-μm–diameter circular pores. It took 15 minutes to
process one blood sample. These enriched CTCs were stained with
Diff-Quick stain, air dried, and mounted. Based on our experience
and the criteria proposed by other research groups [22–26], cells with
visible cytoplasm were considered. Then, CTCs were characterized by
the presence of at least four of the following criteria: irregular nuclei,
prominent nucleoli, nuclear diameter N15 μm, nuclear-cytoplasmic
ratio N0.8, hyperchromatic nuclei and nonhomogeneous staining,
irregular nuclear membrane, tumor cell aggregations, or CTM. CTM
were defined as tumor cell clusters containing three or more distinct
nuclei [27]. All candidate CTCs/CTM were reviewed and identified
independently by three senior cytopathologists without knowledge of
the patients' clinical status and pathologic diagnosis.

Immunofluorescence Staining
Immunofluorescence staining on slides was performed as described

in a previous study by Hao Li [26]. Membranes with CTCs enriched
by ISET were transferred to glass slides, which were then rinsed with
Perm/Wash buffer (BD) for 3 minutes and processed with Cytofix/
Cytoperm Fixation/Permeabilization solution (BD) for 20 minutes at
room temperature. Processed slides were incubated with blocking
buffer (10% goat serum, Jackson ImmunoResearch Laboratories,
Inc., West Grove, PA) for 30 minutes at room temperature. The
slides were then incubated overnight at 4°C in a wet chamber with
anti-CD45 antibody (Santa-Cruz Biotechnology, Inc., Dallas, TX),
anti-CK8/18/19 antibody (Abcam Trading [Shanghai] Company
Ltd., Pudong, Shanghai, China), and anti-vimentin antibody
(Abcam). Slides were rinsed in washing buffer the next day. Then,
the slides were incubated with secondary antibodies in the dark for
1 hour at room temperature, including Alexa Fluor 488–conjugated
goat anti-mouse (Invitrogen, Thermo Fisher Scientific, Waltham,



Table 1. Clinical Characteristics of the Study Population

Characteristics N (%) (N = 86)

Age, mean (range), y 52.98 ± 11.43 (25-74)
Sex
Male 45 (52.32)
Female 41 (47.67)

PS
0 22 (25.58)
1 59 (68.60)
2 5 (5.81)

Distant metastasis
Yes 41 (47.67)
No 45 (52.33)

Grade of differentiation
Moderate or well differentiated 18 (20.93)
Poorly differentiated 68 (79.07)

Tumor depth
T1 3 (3.49)
T2 6 (6.98)
T3 27 (31.40)
T4 50 (58.14)

Lymph node metastasis
Yes 77 (89.53)
No 9 (10.47)

Clinical stage
I 5 (5.81)
II 15 (17.44)
III 25 (29.07)
IV 41 (47.67)

Lymphatic, nerve or venous invasion
Positive 29 (33.72)
Negative 40 (46.51)
Unknown 17 (19.77)

Platelet, mean (range), ×109/L 196.49 ± 69.00 (62-399)
N/L, mean (range) 3.51 ± 5.40 (0.02-38.30)
Erythrocyte (range), ×1012/L 3.79 ± 0.46 (2.83-4.91)
Her2
0 31 (36.05)
1 6 (6.98)
2 8 (9.30)
Unknown 41 (47.67)

CEA
Positive 15 (17.44)
Negative 71 (82.56)

CA19-9
Positive 22 (25.58)
Negative 64 (74.42)

CA125
Positive 26 (30.23)
Negative 60 (69.77)

N/L, the ratio of neutrophils to lymphocytes; Her2, human epidermal growth factor receptor 2.
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MA), Alexa Fluor 546–conjugated goat anti-rat (Invitrogen, Thermo
Fisher Scientific, Waltham, MA), Cy5-conjugated goat anti-rabbit
(Invitrogen, Thermo Fisher Scientific, Waltham, MA), and Hoechst
33,342 (Sigma, St. Louis, MO) in blocking buffer. For each
experiment, the white blood cells captured on the membrane were
used as the CD45 positive control and CK8/18/19 negative control.
The human breast cancer cell line SKBr3 was used as the CK8/18/19
positive control, and the human osteosarcoma cell line MG63 was
used as the vimentin positive control.

Cell Culture
A human gastric cell line, GES-1, and the gastric cancer cell lines

BGC823, MGC803, MKN45, and SGC7901 were purchased from
Typical China Academy Culture Collection Commission Cell Library
(Shanghai, China). The cells were cultured in an RPMI-1640 or
Dulbecco’s modified Eagle’s medium containing 10% fetal bovine
serum and were maintained at 37°C in 5% CO2. Passages were
performed to maintain monolayer growth. Cells were collected at the
exponential growth phase for subsequent experiments.

SYBR-Green–Based Real-Time Quantitative Reverse
Transcriptase Polymerase Chain Reaction (RT-PCR)
Total mRNA was isolated with Trizol Reagent (Invitrogen, USA)

and chloroform. Reverse transcription was performed with the
PrimeScript RT reagent kit (TaKaRa) according to the manufacturer's
instructions. The RT-PCR analysis for the detection of CA125 mRNA
and GAPDH mRNA was performed using SYBR Premix Ex Taq kit
(TaKaRa) in a 20-μl final volume. The primers were as follows:
CA125-specific forward primer: 5′-GGCTTGGCATCTTGTCCT
CATC-3′, CA125-specific reverse primer: 5′-GGAAGTCGTGGA
AGGTAAGTTGG-3′, GAPDH-specific forward primer: 5′-
CCACTCCTCCACCTTTGAC-3′, and GAPDH-specific reverse
primer: 5′-ACCCTGTTGCTGTAGCCA-3′. PCR program: 1)
95°C for 30 seconds, 2) 95°C for 5 seconds, 3) 60°C for 30 seconds,
4) 95°C for 15 seconds, 5) 60°C for 1 minute, and 6) 95°C for
15 seconds. All samples were amplified in duplicates, and the mean was
used for further analysis.

Statistical Analysis
All statistical evaluations were performed using SPSS16.0 (SPSS Inc.,

Chicago, IL). The χ2 analysis or Fisher exact test was used to explore
any correlation between CTC positivity and patient characteristics. The
Student's t test, Mann-Whitney U test, and Kruskal-Wallis test were
used for continuous variables. OS was defined as the period from blood
collection to death. PFSwas calculated as the time fromblood collection
until the first objective evidence of disease progression. For survival
analyses, the Kaplan-Meier method was used, and the log-rank test was
used for univariate analyses. Prognostic factors were assessed in
multivariate analyses using Cox proportional hazards models, and the
hazard ratio (HR) was estimated. Differences were considered
statistically significant when the P value was b.05.

Results

Patient Characteristics
A total of 86 patients (45 males, 41 females) with gastric cancer and

a mean age of 53 years (range 25-74 years) were enrolled in this
study. All patients had not received chemotherapy or radiotherapy
within 6 months. The clinicopathological features of the patients are
shown in Table 1. Of these patients, 41 had stage IV gastric cancer,
including those newly diagnosed or relapsed after adjuvant
chemotherapy, radiotherapy, or surgery. For the patients with stage
IV gastric cancer, 6 patients received abdominal exploration or
palliative surgery, and the remaining 35 patients did not undergo
surgery. All the 45 patients without metastasis underwent surgical
treatment. The number of patients with WHO PS of 0, 1, and 2 was
22 (25.58%), 59 (68.60%), and 5 (5.81%), respectively. The baseline
mean erythrocyte counts, platelet levels, and ratio of neutrophils to
lymphocytes were 3.79 × 1012/l, 196.49 × 109/l, and 3.51, respec-
tively. With regard to the grade of tumor differentiation, 18 cases
(20.93%) were moderately or well differentiated, and 68 cases
(79.07%) were poorly differentiated. For the depth of tumor
invasion, the number of patients with T1, T2, T3, and T4 was 3
(3.49%), 6 (6.98%), 27 (31.40%), and 50 (58.14%), respectively.
Seventy-seven (89.53%) patients had lymph node metastasis. For the
clinical stages, 5 (5.81%), 15 (17.44%), 25 (29.07%), and 41
(47.67%) cases were stage I, stage II, stage III, and stage IV,



Figure 1. Cells enriched by the ISET method in patients with gastric cancer. Diff-Quick staining. (A) CTC: irregular nucleus; nuclear
diameter N15 μm; nuclear-cytoplasmic ratio N0.8; hyperchromatic nucleus and nonhomogeneous staining. (B) CTM: presence of tumor
cell aggregation, prominent nucleoli seen in the nuclei. (C) Nucleus without plasma. (D) Normal blood cells isolated on themembrane. The
scale bar represents 20 μm.
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respectively. Twenty nine patients (33.72%) had lymphatic, nerve, or
venous invasion, and elevated Her2 levels (+++ or ++) were detected
in 8 (9.3%) gastric cancer patients.

Results of CTC and CTM Detection by ISET Assay
Overall, CTCs were detected in 51 patients (Figure 1); the average

count was 1.81. In patients with clinical stage I, II, III, and IV disease,
the average CTC count was 1.40, 0.67, 1.24, and 2.71, respectively.
No significant differences were found for the CTC-positive rate and
the average number of CTCs in different clinical stages. However, for
the 33 patients with disease stage I to IIIB, CTCs were detected in 16
patients, and the average count was 0.97. In the remaining 53 patients
with stage IIIC to IV, CTCs were detected in 35 patients, with an
Table 2. Prevalence of CTCs Based on TNM Stage

N Detection Rate (%) Mean (Range)

Total 86 51/86 (59.3) 1.81 ± 3.01 (0-21)
Stage I 5 3/5 (60) 1.40 ± 1.67 (0-4)
Stage II 15 6/15 (40.0) 0.67 ± 0.98 (0-3)
Stage III 25 14/25 (56.0) 1.24 ± 1.33 (0-4)
Stage IV 41 28/41 (68.29) 2.71 ± 4.08 (0-21)

P1 = .284 P2 = .111
Stage IA-IIIB 33 16/33 (48.5) 0.97 ± 1.21 (0-4)
Stage IIIC-IV 53 35/53 (66.0) 2.40 ± 3.68 (0-21)

P3 = .081 P4 = .041

P1 = χ2 test, P2 = Kruskal-Wallis test, P3 = χ2 test, P4 = Mann-Whitney U test.
average CTC number of 2.40. Significant differences were found for
the average number of CTCs between these two groups of patients
(P = .041, Table 2). With regard to CTM, the average counts were 0
(0-0), 0.13 (0-2), 0.60 (0-6), and 1.29 (0-22) in patients with clinical
stage I, II, III, and IV disease, respectively. There were no significant
differences between the average CTM counts in different stages.
However, in patients with clinical stage I to IIIB, CTMs were
detected in 3 of 33 patients, and the average number was 0.12 (0-2).
In the remaining 53 patients with clinical stages IIIC to IV, CTM
were detected in 13 patients, and the average number was 1.26.
Significant differences were found for the average CTM number in
these two groups (P = .05, Table 3). No CTCs/CTM were detected
in healthy volunteers.
Table 3. Prevalence of CTM Based on TNM Stage.

N Detection Rate (%) Mean (Range)

Total 86 16/86 (18.60) 0.83 ± 2.76 (0-22)
Stage I 5 0/5 (0) 0 (0-0)
Stage II 15 1/15 (6.67) 0.13 ± 0.52 (0-2)
Stage III 25 5/25 (20.0) 0.60 ± 1.50 (0-6)
Stage IV 41 10/41 (24.39) 1.29 ± 3.73 (0-22)

P1 = .428 P2 = .30
Stage I-IIIB 33 3/33 (9.09) 0.12 ± 0.42 (0-2)
Stage IIIC-IV 53 13/53 (24.53) 1.26 ± 3.44 (0-22)

P3 = .074 P4 = .05

P1 = Fisher exact test, P2 = Kruskal-Wallis test, P3 = χ2 test, P4 = Mann-Whitney U test.



Figure 2. Immunofluorescent staining of CTCs/CTM isolated by ISET assay. (A–D) Stained with CK8/18/19 (green fluorescence for
epithelial cells), Vimentin (purple fluorescence for EMT cells), CD45 (red fluorescence for leukocytes), and Hoechst (blue fluorescence for
nuclei). (A) Single CTC: CK+/Vimentin−/CD45− phenotype; (B) single CTC: CK+/Vimentin+/CD45− phenotype; (C) single CTC: CK−/
Vimentin+/CD45− phenotype; (D) CTM: CK−/Vimentin+/CD45− phenotype; (E) CTM: CK+/Vimentin+/CD45− phenotype. The cells
were analyzed at 40× magnification.
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Identification of CTCs/CTM by Immunofluorescence
To further investigate the molecular characteristics of CTCs/CTM

enriched by ISET in gastric cancer, we used immunofluorescence to
analyze 30 blood samples from 23 patients with clinical stages III to IV.
Hoechst, CK8/18/19, Vimentin, and CD45 were used to mark nuclei,
epithelial cells, mesenchymal cells, and leukocytes, respectively. CTCs
were detected in 10 blood samples, and CTMwere detected in 6 blood
samples. Cells containing nuclei larger than 15 μm with CK(green)±/
CD45−(red)/Vimentin (purple)±/Hoechst+ (blue) staining were enu-
merated as CTCs. Microemboli with multiple cells containing at least
three distinct nuclei with CK±/CD45−/Vimentin±/Hoechst+ CTCs
were classified as CTM. The images and detailed classification of CTCs
are shown in Figure 2. Using markers of the epithelial-mesenchymal
transition (EMT), single CTCs were divided into three phenotypes
including epithelial CTCs, biphenotypic epithelial/mesenchymal
CTCs, and mesenchymal CTCs. For CTM, the CK−/Vimentin+/
CD45− and CK+/Vimentin+/CD45− phenotypes were observed,
whereas the CK+/Vimentin−/CD45− CTM phenotype was not
observed. The phenotypes of single cells in CTM were not uniform;
some cells were positive for CK and Vimentin, whereas other cells were
positive for only Vimentin.
Correlation of CTCs and CTM Detection with Clinicopatho-
logical Features

There were no significant correlations between CTCs/CTM
positivity with age and sex. Moreover, CTC/CTM positivity was not
significantly correlated with pathological features such as tumor depth;
lymph node metastasis; and lymphatic, venous, or nerve infiltration
(Tables 4 and 5). However, CTC positivity significantly correlated with
the grade of differentiation (P = .047, Table 4). We also found
significant correlation between CTC positivity and CTM positivity
(P = .048). Moreover, we found that CTM positivity correlated with
the CA125 level in patients with stage IV gastric cancer (P = .037,
Table 6).

The Prognostic Value of CTM and Clinical Features
To investigate whether CTM positivity was associated with patient

survival, the Kaplan-Meier method and the log-rank test were used to
evaluate the effect of several clinical factors on PFS. PFS was
significantly shorter for patients with CTM-positive status (Figure 3A)
and CA125-positive status. Multivariate analysis using Cox propor-
tional hazards models with variables that had a P value lower than .20 in
the univariate analysis showed that tumor depth, CEA-positive status,



Table 4. Correlation between the Presence of CTCs in the Peripheral Blood of Gastric Cancer
Patients and Clinical Characteristics

Positive Negative P

Age .735 *
Mean ± SD, y 52.63 ± 12.11 53.49 ± 10.53

Sex .459 †

Male 25 20
Female 26 15

PS .186 ‡

0 12 10
1 34 25
2 5 0

Distant metastasis .105 †

Yes 28 13
No 23 22

Grade of differentiation .047 †

Moderate or well differentiated 7 11
Poorly differentiated 44 24

Tumor depth .974 ‡

T1 2 1
T2 3 3
T3 16 11
T4 30 20

Lymph node metastasis .188 †

Yes 48 29
No 3 6

Lymphatic, nerve, or venous invasion .239 †

Positive 14 15
Negative 25 15
Unknown 12 5

Platelet .70 *
Mean ± SD, ×109/L 198.88 ± 73.49 193.00 ± 62.74

N/L .318 §

Mean ± SD 4.19 ± 6.76 2.52 ± 2.02
Erythrocyte .069 *
Mean ± SD, ×1012/L 3.86 ± 0.46 3.68 ± 0.44

Her2 .648 ‡

0 18 13
1 2 4
2-3 5 3
Unknown 26 15

CEA .273 †

Positive 7 8
Negative 44 27

CA19-9 .326 †

Positive 15 7
Negative 36 28

CA125 .781 †

Positive 16 10
Negative 35 25

CTM .048 †

Positive 13 3
Negative 38 32

* Student's t test.
† χ2 test.
‡ Fisher exact test.
§ Mann-Whitney U test.

Table 5. Correlation between the Presence of CTM in the Peripheral Blood of Gastric Cancer
Patients and Clinical Characteristics

Positive Negative P

Age .676 *
Mean ± SD, y 54.06 ± 9.30 52.73 ± 11.91

Sex .447 †

Male 7 38
Female 9 32
PS .105 ‡

0 1 21
1 14 45
2 1 4

Distant metastasis .188 †

Yes 10 31
No 6 39

Grade of differentiation .433 †

Moderate or well differentiated 5 13
Poorly differentiated 11 57

Tumor depth .513 ‡

T1 0 3
T2 1 5
T3 3 24
T4 12 38

Lymph node metastasis .288 †

Yes 16 61
No 0 9

Platelet .391 *
Mean ± SD, ×109/L 183.06 ± 77.04 199.56 ± 67.24

N/L .381 §

Mean ± SD 4.57 ± 7.49 3.27 ± 4.84
Erythrocyte .442 *
Mean ± SD, ×1012/L 3.86 ± 0.49 3.73 ± 0.63

CEA .564 †

Positive 2 13
Negative 14 57

CA19-9 1.00 †

Positive 4 18
Negative 12 52

CA125 .108 †

Positive 8 18
Negative 8 52

* Student's t test.
† χ2 test.
‡ Fisher exact test.
§ Mann-Whitney U test.

Table 6. Correlation between the Presence of CTM and Serum Tumor Markers in the Peripheral
Blood of Patients with Stage IV Gastric Cancer

Positive Negative P

CEA .905
Positive 3 12
Negative 7 19

CA19-9 1.000
Positive 3 11
Negative 7 20

CA125 .037
Positive 8 11
Negative 2 20

χ2 test
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CA125-positive status, and CTM-positive status were independent
prognostic factors (Table 7).

Univariate and multivariate analyses were also used to evaluate the
effect of clinical factors on OS. CTM-positive status was associated
with shorter OS (Figure 3B), as were tumor depth and
CA125-positive status. Multivariate analyses showed that tumor
depth, CEA-positive status, and CTM-positive status were indepen-
dent prognostic factors (Table 8).

We next investigated the different impact of single CTCs and
CTM on the prognosis of patients with stage IV gastric cancer. Single
CTCs were detected in 28 patients with stage IV gastric cancer, and
CTM findings were positive in 8 of the 28 patients. Single CTCs
were not detected in two other CTM-positive patients. We analyzed
the different prognostic values of CTM and single CTCs in 10
patients with CTM and 18 patients with single CTCs but without
CTM. The results showed that CTM correlated with shorter PFS and
OS than single CTCs (P b .05, Figure 3, C and D).

CA125 Expression in Human Gastric Cancer Cell Lines
In our study, we found that CTM positivity correlated with the

CA125 level in patients with stage IV gastric cancer. To further



Figure 3. (A) In 41 patients with stage IV gastric cancer, the PFS rate was significantly lower in patients with CTM than in those without
CTM (P b .05). (B) In 41 patients with stage IV gastric cancer, the OS rate was significantly lower in patients with CTM than in those
without CTM (P b .05). (C) In 30 patients with single CTCs or CTM, the PFS rate was significantly lower in patients with CTM than in those
with only single CTCs (P b .05). (D) In 30 patients with single CTCs or CTM, the OS rate was significantly lower in patients with CTM than in
those with only single CTCs (P b .05).
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investigate the role of CA125 in gastric cancer, expression of CA125
in human gastric cancer cell lines was analyzed by immunofluores-
cence staining and quantitative RT-PCR. Staining of CA125 was not
observed in human gastric epithelial cell line GES-1 (Figure 4A).
Staining of CA125 was markedly stronger in human gastric cancer
cell lines BGC823 and MGC803 than in MKN45 and SGC7901
(Figure 4A). Expression of CA125 mRNA in human gastric cancer
Table 7. Univariate and Multivariate Analysis of Clinical Factors for PFS

Clinical Factors Univariate Analysis Multivariate Analysis

P Value HR (95% CI) P Value †

Sex .521 - -
Age (≥ 60 vs b60) .457
PS .791 - -
Grade of differentiation .401 - -
Tumor depth .076 3.94 (1.38-11.27) .010
Lymph node metastasis .601 -
CTM b.001 2.87 (1.22-6.77) .016
CTC .575 - -
CEA .054 4.40 (1.85-10.51) .001
CA125 .015 2.99 (1.29-6.93) .011
CA19-9 .219 - -

Log-rank test.
† Cox proportional hazards models.
cell lines was analyzed by quantitative RT-PCR. CA125 mRNA
expression was observed in human gastric cancer cell lines BGC823
and MGC803 (Figure 4B).

Discussion
CTCs are critical for tumor metastasis [28]. As the so-called “liquid
biopsy,” CTCs play an important role in diagnosis, therapeutic
Table 8. Univariate and Multivariate Analysis of Clinical Factors for OS

Clinical Factors Univariate Analysis Multivariate Analysis

P Value HR (95% CI) P Value †

Sex .738 - -
Age (≥ 60 vs b60) .788
PS .279 - -
Grade of differentiation .999 - -
Tumor depth .025 2.96 (1.25-7.04) .014
Lymph node metastasis .455 - -
CTM b.001 4.49 (1.67-12.03) .003
CTC .879 - -
CEA .125 3.40 (1.52-7.61) .003
CA125 .021 2.03 (0.89-4.66) .093
CA19-9 .375 - -

Log-rank test.
† Cox proportional hazards models.



Figure 4. Detection of CA125 expression in human gastric epithelial cell line GES-1 and human gastric cancer cell lines. (A)
Immunofluorescent staining of GES-1, BGC823, MGC803, MKN45, and SGC7901 cell lines with CA125 (red fluorescence for CA125) and
DAPI (blue fluorescence for nuclei). (B) Quantitative RT-PCR was carried out to detect relative CA125 mRNA expression in GES-1,
BGC823, MGC803, MKN45, and SGC7901 cell lines. The cells were analyzed at 40× magnification.
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monitoring, and prognosis [5,29,30]. However, it remains difficult to
detect extraordinarily rare CTCs in the peripheral blood. Current
technologies for CTC detection include tumor marker–dependent
and –independent detection. RT-PCR is most frequently used to
investigate CTCs in patients with gastric cancer, although this
approach cannot validate the characteristics of single CTCs or CTM
[31–33]. CTM exhibit more metastatic properties than single CTCs
and can be isolated by ISET [18,22]. However, there is little research
about the prevalence and clinical value of CTM in patients with
gastric cancer. In this study, we investigated the prognostic value of
CTM in patients with stage IV gastric cancer and correlated CTM
detection with clinicopathological features.

In previous studies, the uses of different markers with different
sensitivities led to significant variations in the CTC detection rates
among patients with gastric cancer (3.2%-73.3% for stage I-II,
12.5%-100% for stage III-IV). Indeed, there is no unified standard to
detect CTCs in gastric cancer, and more research is needed to validate
the clinical value of CTCs. Detection platforms with good specificity
and sensitivity are imperative. ISET has been used to detect CTCs in
lung cancer, liver cancer, breast cancer, and esophageal cancer
[22,23,26,34]. Until now, there has been no report of CTCs/CTM
detection by ISET in patients with gastric cancer. In this study, the
CTC positive rates detected by ISET were 45.0% and 63.6% in stage
I-II and III-IV patients, respectively, indicating that invasion and entry
into the blood circulation occur in the early stage of tumorigenesis. The
reason why no CTCs can be detected in some patients with advanced
gastric cancer requires additional investigation. In previous studies of
CTC detection in gastric cancer using theCellSearch system,Uenosono
et al. reported that the positive rates were 2.2% and 47.2% in stage I-II
and III-IV patients, respectively, whereas H. Okabe reported
positive rates of 10.9% and 22.2% in stage I-II and III-IV patients,
respectively [6,7]. The positive rates of CTC detection by ISET were
higher than those reported with the CellSearch system. This difference
may be due to the different specificities and sensitivities of the two
methods. In addition, CTM were detected in 16 patients, including
1 patient with stage II disease and 15 patients with stage III-IV disease.
CTM are defined as CTC clusters containing three or more distinct
nuclei. Compared with single CTCs, CTM have a survival advantage
and greater metastatic potential. CTM were detected in patients with
gastric cancer using ISET but not the CellSearch system [6,7].

Currently, clinical decision making for gastric cancer is based on
the diagnosis according to the TNM classification. Even after radical
resection, recurrence and metastasis may occur, and there is no
accurate predictor of this occurrence. Therefore, identifying
additional risk factors is necessary. In multiple cancers, including
breast, lung, colorectal, and prostate cancer, CTCs have been
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associated with poor prognosis [35–38], and CTM possess greater
metastatic potential than single CTCs. In our study, the mean
number of CTCs in stage IIIC-IV patients was significantly higher
than that in stage I-IIIB patients (P = .041). In a previous study, high
TNM stages predict worse survival of patients [39]. In our study, we
found that CTM positivity correlated with worse PFS and OS, and
CTM represented an independent prognostic factor. We also found
that CTM correlated with more unfavorable outcomes than single
CTCs. However, the expression of single CTCs was not significantly
correlated with worse survival, which may be because CTM and
single CTCs did not appear together in peripheral blood. More
clinical studies are necessary to evaluate the significance of CTM in
patients with gastric cancer. However, CTCs/CTM may serve as
supplementary markers for TNM staging to predict the survival of
patients with gastric cancer, and our finding is consistent with study
showing that an elevated CTM number was associated with a worse
prognosis [18].
Upon investigating the correlation between CTM positivity and

clinical features, we found that CTM positivity was not significantly
correlated with clinicopathological features. However, in patients
with stage IV gastric cancer, CTM positivity significantly correlated
with the serum CA125 level. In a previous study, serum CA125 is
identified as an independent prognostic factor in patients with gastric
cancer [40]. CA125 is also known as the mucin MUC16. In previous
study, mesothelin-MUC16 binding is associated with adhesion
between MUC16-positive cancer cells and mesothelin-positive cells
[41,42], and both CA125 and mesothelin have been detected in
gastric cancer tissues [43,44]. Meanwhile, MUC16 promotes the
formation of multicellular aggregates by inhibiting β-catenin
degradation in ovarian cancer [45]. To further investigate the role
of CA125 in gastric cancer, we found that CA125 expression was
positive in gastric cancer cell lines BGC823 and MGC803. Few
studies have investigated the role of CA125 in gastric cancer. It still
needs more research about the role of CA125 expression in gastric
cancer.
In our study, CTM positivity was correlated with single CTC

positivity. However, CTM were negative in most patients with single
CTCs in peripheral blood. This finding may be due to different
formation mechanisms for CTM and single CTCs. In addition to
single cell migration, the second principal mode of cell movement is
collective cell migration. Collective invasion is displayed in
histopathological sections of most epithelial cancers and in vitro
experiments [46]. In a previous study of breast cancer [18],
plakoglobin, also known as γ-catenin, was increased in CTM
compared with single CTCs. Thus, clinical studies of CTCs should
not be limited by their low numbers, and further validation of the
associated molecular mechanisms should provide more information
about disease development and new therapeutic targets.
Tumor cells obtain invasive and migratory capabilities through

EMT. During EMT, epithelial markers are decreased, while
mesenchymal markers are elevated [47]. As a result, EpCAM-based
enrichment methods cannot detect CTCs that have undergone EMT
[48]. However, the ISETmethodology is tumor marker-independent,
and cells that have undergone EMT can be isolated. We used
immunofluorescence to identify CTCs/CTM enriched by ISET in 30
blood samples; CTCs were detected in 10, and CTMwere detected in
6 samples. CTCs were divided into three phenotypes, including
epithelial CTCs, biphenotypic epithelial/mesenchymal CTCs, and
mesenchymal CTCs, which are consistent with previous reports [49].
At the same time, CTM were classified as mesenchymal CTM or
epithelial/mesenchymal CTM.We identified no epithelial CTM, and
the cells constituting CTM were heterogeneous. These findings
indicate that CTM express mesenchymal markers and may be
partially mesenchymal. Partial EMT contributes to residual cell-cell
adhesion which enables cells to migrate as clusters. CTCs can display
as single CTCs or CTM depending on whether they have undergone
complete EMT or partial EMT [50]. In a previous study, CTM
coexpressing mesenchymal markers and epithelial markers are found
to be apoptosis resistant and correlate with poor prognosis in patients
[51]. In the study of lung cancer, EMT is not required for metastasis
and it could contribute to the formation of chemoresistant metastasis
[52]. The implications of partial EMT for tumor invasion, metastasis,
and chemoresistance need more investigations. During cancer
progression, epithelial and mesenchymal tumor cells in peripheral
blood exhibited dynamic changes [11]. Thus, the dynamic detection
of CTCs/CTM with EMT markers could provide greater under-
standing of metastasis, progression, and relapse in gastric cancer.

In conclusion, ISET can be used to efficiently detect CTCs/CTM
in patients with gastric cancer. CTM positivity was associated with
worse survival in patients with stage IV gastric cancer. The mean
number of CTCs/CTM correlated with clinical stage, and CTM
positivity was correlated with the serum CA125 level. Further
investigation on the correlation between CA125 and the expression of
CTM is necessary. Furthermore, our results showed that CTCs could
be divided into epithelial CTCs, biphenotypic epithelial/mesenchy-
mal CTCs, and mesenchymal CTCs, whereas CTM could be divided
into two subpopulations, including mesenchymal CTM and partially
mesenchymal (epithelial/mesenchymal) CTM. Further investigation
of CTM in gastric cancer should help improve our understanding of
disease development and identify new therapeutic targets.
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