
Circulating Tumor Cells and Tumor Stem Cells Detection
in the Peripheral Blood Mononuclear Cells of Breast Cancer

Feng Wang,∗ Yuan-Chun Li, Li-Ping Liu, Hao-Min Zhang, and Song Tong
Department of General Surgery, Second Affiliated Hospital, Qiqihar Medical University, Qiqihar,

P.R. China

Background: Our aim was to retrospectively
analyze the relationships between circulat-
ing tumor cells (CTCs) and the development
of breast cancer, for elucidating the role of
CTCs in breast cancer. Methods: A total
of 107 female patients with primary breast
cancer and 48 matched healthy female vol-
unteers were recruited. After blood collec-
tion, isolation of peripheral blood mononu-
clear cells (PBMC) was performed followed
by the detection of cytokeratin 19 posi-
tive (CK19+) and CD44+/CD24−/low cells,
as well as estrogen receptor (ER), pro-
gesterone, and CerbB2. Data were an-
alyzed with the SPSS 20.0 software.
Results: None of the 48 volunteers were
detected with CK19+ cells in their PBMC,
while in 77 patients, 72% of 107 female
patients with primary breast cancer, the
CK19+ cells were detected. CK19+ could
also be detected among patients in each

grouping by different clinical staging and
lymph node metastasis, with statistical dif-
ferences (all P < 0.05). Further, among the
83 CK19+ specimens, 32 were also de-
tected with CD44+/CD24−/low cells. Com-
parisons of CK19+ and CD44+/CD24−/low

cells in patients with different clinical fea-
tures (ER positive vs. ER negative, C-
erbB2 positive vs. C-erbB2 negative) and
molecular subtypes (triple-negative breast
cancer, ER positive, and C-erbB2 positive)
showed no obvious difference (all P > 0.05).
Conclusions: Both CTCs and tumor stem
cells (TSCs) could be detected in the PBMC
of breast cancer patients; besides, posi-
tive expression rate of CTCs might be obvi-
ously associated with the clinical stage and
metastasis. Positive relationship of TSCs
and the clinical stage of breast cancer was
also proved in this study. J. Clin. Lab. Anal.
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INTRODUCTION

Breast cancer results from malignant proliferation and
transformation of epithelial cells lining the ducts or lob-
ules of the breast (1, 2). Breast cancer is the second
leading cause of cancer-related deaths in women glob-
ally, especially in older women (3). More than 1 million
women are diagnosed with breast cancer every year world-
wide, and approximately 0.65% of these women are under
30 years of age, 2.4% are under 35 years, and 6.6% are
under 40 years (4, 5). Surprisingly, the prevalence and
mortality rates of breast cancer continue to be higher
in majority of the developed countries, compared with
developing countries (6). Breast cancer is a very het-
erogeneous disease; multiple risk factors, such as age at
menarche or menopause, obesity, lack of physical activ-
ity, breastfeeding, tobacco smoking, heavy alcohol con-
sumption, high body mass index, and unhealthy lifestyle,

significantly contribute to individual variations in the un-
derlying breast cancer pathophysiology among a given
population (7–9). Cancer metastasis to axillary lymph
nodes and histological grade are the two main prognos-
tic determinants in breast cancer patients, and the overall
5-year survival for breast cancer patients with lymph node
metastasis is 40% lower than for patients who do not have
lymph node metastasis (10–12). Besides, nearly 40% of
all patients with breast cancer experience a recurrence, of
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which 10�20% have locally metastatis and 60–70% have
distant metastasis (13). In light of the high incidence, poor
prognosis, and frequent recurrence of breast cancer, we
are broadly interested in biomarkers related to metastasis
and, in this study, were specifically interested in the asso-
ciation between circulating tumor cells (CTCs) detection
and breast cancer (14, 15).

CTCs are cells that have shed into the vasculature from
a primary tumor and circulate through the bloodstream
accompanying tumor invasion (16). CTCs thus play vital
roles for subsequent growth of additional tumors in vital
distant organs, triggering a mechanism for the vast major-
ity of cancer-related deaths (17). It has been hypothesized
that carcinoma metastasis is initiated by a subpopulation
of CTCs found in the blood of patients (18, 19). Tumor
metastasis is a multistep process involving disruption of
intercellular adhesion and dispersal of single cells from
solid tumor, invasion of blood and lymphatic vessels, im-
munologic escape in circulation, attachment to endothe-
lial cells, extravasation from blood and lymph vessels, and
proliferation and induction of angiogenesis (20, 21). This
highlights the important role of tumor metastasis in hu-
man cancers. Coincidently, CTCs have been detected in
several epithelial cancers, including prostate, lung, and
colon; patients with metastatic lesions are more likely to
have isolated CTCs (22–24). Besides, there have been stud-
ies that documented the presence of CTCs in peripheral
blood of patients with metastatic breast cancer (25, 26).
However, CTCs are extraordinarily rare and cannot be
easily detected; early identification that the detection of
CTCs may have predictive and prognostic implications
requires careful consideration. Therefore, in this research,
we performed a retrospective case–control study to evalu-
ate the relationships between CTCs and the development
of breast cancer, for elucidating the role of CTCs in breast
cancer.

MATERIALS AND METHODS

Ethics Statement

Informed consent from patients and approval by the
ethics committee in Second Affiliated Hospital, Qiqihar
Medical University, were obtained prior to the perfor-
mance of this study. All aspects of the current study com-
plied with the Declaration of Helsinki (27).

Patient Eligibility

A total of 107 female patients with primary breast can-
cer, who were initially treated in the Second Affiliated
Hospital, Qiqihar Medical University, from February
2010 to February 2014, were enrolled. All subjects’
ages varied from 30 to 67 years with the mean age of

53.4 ± 4.03 years and median age of 49 years. Pathologic
examination results showed that, among all the eligible
patients, 72 patients were diagnosed with invasive ductal
carcinoma, 16 with infiltrating lobular carcinoma, 10 with
medullary carcinoma, 4 with mucinous adenocarcinoma,
and 2 with intraductal papilloma; 3 patients were unclas-
sified. According to the American Joint Committee on
Cancer (AJCC) staging system (28), in T (tumor) classi-
fication, 59 patients were in T1 stage, 23 were in T2, 21
were in T3, and 4 were in T4; in N (node) classification,
there were 33 patients with N0, 41 with N1, 29 with N2,
and 4 with N3; in M (metastasis) classification, there were
72 patients with M0 and 32 with M1. According to the
clinical cancer staging (Overall Stage Grouping), there
were 29 stage I patients, 44 stage II patients, and 34 stage
III patients. Besides, 35 patients were premenopausal and
the other 72 patients were menopausal. Further, based
on the histological grades, the numbers of patients with
diseases of grades 1, 2, and 3 were 21, 53, and 25, re-
spectively; except 8 patients were unknown. Examinations
showed that the ratio of estrogen receptor (ER) positive
to ER-negative patients was 80/27; ratio of progesterone
(PR) positive to PR-negative patients was 60/47; and ra-
tio of C-erbB2-positive to C-erbB2-negative patients was
19/80, except 8 patients were unknown.

Inclusion criteria were as follows: (1) patients diagnosed
with breast cancer by clinical examination and histologi-
cal or cytological diagnosis—the clinical staging was ap-
plied based on the AJCC staging system for breast cancer
(28); (2) patients who did not receive any anticancer ther-
apy (chemotherapy and/or radiotherapy) before blood
collection; (3) patients who were not detected with sec-
ond primary cancer in the preliminary diagnosis; and (4)
patients with complete case and pathological data and
clear index description. Exclusion criteria were the follow-
ing: (1) patients with benign breast diseases; (2) patients
with severe chronic diseases, such as diseases of the respi-
ratory, cardiovascular, and endocrine systems; (3) patients
with malignant breast diseases aroused by other causes,
such as lymphoma and soft-tissue sarcoma; (4) patients
who received endocrine therapy or other treatment. We
also recruited 48 healthy female volunteers (mean age,
50.21 ± 3.19 years; age range, 35–72 years), general pop-
ulation who had healthy examination in the same hospital
during the same period, as the negative control to verify
the specificity of this research. The differences of ages be-
tween cases and controls were not statistically significant.

Blood Collection

A total of 155 venous blood specimens were collected,
among which 107 specimens were from the patients and
48 specimens were from the healthy volunteers. Blood
samples (10 ml) were collected from participants in the
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morning after overnight fasting. Blood samples were
drawn with the negative pressure syringe and placed in
a 10 ml heparin anticoagulant. Besides, to avoid the false-
positive results (venipuncture needle may bring the epi-
dermal cells into the blood vessels), two tubes of blood
samples were collected every time; the former tube was
discarded and the latter (5 ml) was preserved.

Isolation of Peripheral Blood Mononuclear Cells

The 5 ml venous blood specimens, drawn from the
patients or volunteers, were used for the isolation of
peripheral blood mononuclear cells (PBMC). All lab op-
erations, such as, centrifugation, immunomagnetic enrich-
ment, and immunofluorescence were carried out at room
temperature. The isolation processes were as follows: pe-
ripheral blood, normal saline solution, and the human
neutrophil isolation medium (Yibaiju, Shanghai, China)
were mixed in a ratio of 1:1:1. Then the mixture was cen-
trifuged with Avant J-25 centrifuge (Beckman, Palo Alto,
CA) at 2,500 × g for 20 min to isolate the single mono-
cytes’ cell pellet. After the centrifugation, the solution
was divided into three layers; the monocytes, a milky cell
layer that was between the upper and middle layers, were
pipetted and transferred into a sterile tube; then the cells
were diluted with phosphate buffer solution (PBS) and
centrifugated at 1,000 × g for 10 min; the supernatant
was removed and PBS washing step was repeated once;
cells were fixed with 4% formalin (diluted with PBS) and
washed with PBS twice; following that, the cell pellet was
resuspended with 950 μl PBS (containing 0.1% BSA) and
diluted to 1 × 106 cells/ml.

Detection of Cytokeratin 19 Positive Cells

The FITC-conjugated cytokeratin 19 (CK-19) mon-
oclonal antibody (Abcam, Cambridge, UK) and Anti-
FITC MicroBeads (Miltenyi Biotec, Bergisch Gladbach,
Germany) were mixed with 1 × 107 monocytes isolated
previously, and then MACS buffer was added to the work-
ing concentration, which was incubated away from light
for 10 min at 4–8°C. Cell suspensions were washed with
10–20 volumes of MACS buffer (PBS [pH 7.2] containing
0.5% bovine serum albumin and 2 mmol EDTA Sigma-
Aldrich (Poole, Dorset, UK)) and centrifuged at 1,000 ×
g for 10 min. The supernatant was removed and the wash-
ing step was repeated once. Cells were resuspended in 500
μl of MACS buffer per 1 × 108 cells for the sorting step;
MS Columns (Miltenyi Biotec) were placed on the magnet
(with proper strength) of a magnetic-activated cell sorter
(Miltenyi Biotec) and prepared by washing with 500 μl of
MACS buffer. The cell suspension was loaded and flow-
through (unlabeled cells) was collected. Each column was
washed with MACS buffer; the MACS buffer was added

to MS columns, and labeled cells were pushed out with a
plunger rapidly and collected with new collecting tubes.

CK19+ cells were centrifugated at 1,500 × g for 5 min,
and then the supernatant was removed. Further, the sam-
ples were mixed with 10 μl PBS and centrifugated at
1,000 × g for 2 min, following which the whole field
of the smears was scanned based on histopathological
imaging with a fluorescence microscope (Olympus Amer-
ica, Melville, NY). The total number of CK19+ cells was
counted and photos of the field with the most cells were
taken and saved. The photographed smears were fixed
with 1% methanol at room temperature and preserved at
4°C for 5 days.

Detection of the CD44+/CD24−/low Cells

CD44-FITC antibody (rat monoclonal to CD44, Ab-
cam) was added to the target smears and incubated at
37°C for 5 min. The smear was washed with 0.1 mol/l
PBS three times (5 min each time); further, CD24-FITC
antibody was added, and samples were incubated at 37°C
for 5 min. After that, smears were washed with 0.1 mol/l
PBS three times (5 min each time); the whole field of the
smears was scanned based on histopathological imaging
with the fluorescence microscope; the total number of
positive cells was counted and photos of the field with the
most cells were taken and saved.

Detection of Other Indicators

ER and PR detection was based on the results of
immunohistochemistry assay; and the CerbB2 detection
was based on the results of immunohistochemistry assay
and FISH assay. Immunohistochemistrical streptavidin-
peroxidase method was applied in strict accordance with
the operating instructions (29), with pressure cooking
heat-mediated antigen retrieval method. All antibodies
and immunohistochemical kit were provided by WuHan
BoShiDe Biological Engineering (Wuhan, China). The
positive expression of PR and ER was located in the
nucleus, and C-erbB2 was located in cytoplasm. If the
proportion of positive cells, which were stained by the im-
munohistochemistry assay, was more than 10%, the smear
was regarded as ER and PR positive. While the grade of
immunohistochemistry for C-erbB2 was 0 or +, the spec-
imen was regarded as negative; otherwise, the “+++”
grade presented positive. The specimens graded as “++”
were needed to be identified further by FISH, and the
final result (positive or negative) was determined by the
result of FISH. Result that the examinations on ER, PR,
and CerbB2 are all negative is defined as triple-negative
breast cancer (TNBC).
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Statistical Analysis

Data were analyzed with the SPSS 20.0 software. The
comparisons of measurement data and enumeration data
(between any two groups) were conducted with the t-test
and chi-square test, respectively. The P-values were two
tailed and P < 0.05 indicated a statistically significance.

RESULTS

Comparisons of PBMC Between Groups

None of the 48 volunteers were detected with CK19+

cells in their PBMC, while 72% of 107 female patients
with primary breast cancer were detected with CK19+

cells (Fig. 1). This comparison between the two groups
was statistically significant (P < 0.05).

Comparisons of CK19+ and CD44+/CD24−/low

in Patients With Different Clinical Staging

Among the 29 stage I patients, in 15 patients the CK19+

cells were detected in the PBMC; in 37 of 44 stage II pa-
tients and 31 of 34 stage III patients, the CK19+ cells
were detected in the PBMC, respectively, showing statis-
tical significance (all P < 0.05). Further, regarding the N
stage, N0 stage patients (23/33) and N1-3 patients (60/74)
were detected with CK19+ cells, with statistical difference
(P < 0.05).

Among the 83 CK19+ specimens, 32 were detected with
CD44+/CD24−/low cells. We grouped them by the his-
tological grades and found that 2 patients of stage I,
20 of stage II, and 19 of stage III were detected with
CD44+/CD24−/low cells. However, the results by chi-
square test showed no statistical significance (P > 0.05).

CK19+ and CD44+/CD24−/low Positive Detection
in Patients With Different Clinical Features and
Molecular Subtypes

Among the 80 ER-positive specimens, 58 were de-
tected with CK19+ cells and 36 specimens were detected
with CD44+/CD24−/low cells, while among the 27 ER-
negative specimens, 21 were detected with CK19+ cells
and 14 specimens were detected with CD44+/CD24−/low

cells. These results by chi-square test displayed no ap-
parent significance (P > 0.05). Among the 19 C-erbB2-
positive specimens, 13 were detected with CK19+ cells,
while 7 specimens were detected with CD44+/CD24−/low

cells. In the 80 C-erbB2-negative specimens, 52 were
detected with CK19+ cells and 36 were detected with
CD44+/CD24−/low cells. These results by chi-square test
showed no obvious difference (all P > 0.05).

All specimens were divided into three types: TNBC
(ER and PR negative, C-erbB2 negative by FISH assay),

Fig. 1. Comparisons of PBMC between groups. (A) None of the 48
volunteers were detected with CK19+ cells in their PBMC, (B) while
72% of 107 female patients with primary breast cancer were detected
with CK19+ cells.

ER positive (ER and/or PR positive), and C-erbB2 pos-
itive (ER and PR negative, C-erbB2 positive by FISH
assay). Among the 12 TNBC specimens, all 12 were de-
tected with CK19+ cells (100.00%) and 9 were detected
with CD44+/CD24−/low cells (4/5, 80.00%); in the 46
ER-positive specimens, 26 were detected with CK19+ cells
(57.89%) and 17 were detected with CD44+/CD24−/low

cells (7/11, 63.64%); of the 9 C-erbB2-positive specimens,
7 were detected with CK19+ cells (75.00%) and 5 were de-
tected with CD44+/CD24−/low cells (2/3, 66.67%). These
results by chi-square test showed no statistically signifi-
cance (all P > 0.05).
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DISCUSSION

As an effective window on metastasis biology in ma-
lignant tumors, CTCs in human cancers, including breast
cancer (31), were previously detected and hypothesized
to be closely correlated with clinical stage, lymph node
metastasis, and poor prognosis (24, 30). There was also
abundant evidence insisting that the presence of CTCs
was reported at a high frequency in human cancers; be-
sides, their levels showed a gradually increasing trend with
the increase in tumor staging (32, 33). The detection of
CTCs in PBMC might hence possibly reveal an early ex-
istence of metastasis; however, it is not verified that the
presence of CTCs dose necessarily implies the formation
of metastasis. Further, CD44+/CD24− was observed in
breast cancer cells with tumor stem cells’ (TSCs’) char-
acteristics, which first confirmed the existence of TSCs in
breast cancer (34). In fact, most CTCs do not have or
only have limited ability to proliferate and differentiate,
while distant metastasis can only reach when TSCs have
the ability to form tumors, suggesting the valuable effect
of TSCs detection in PBMC. In this study, we therefore
focused on the exploration of whether CTCs detection
combined with the confirmation of TSCs might have sig-
nificant value in breast cancer or not.

Our results indicated that CK19+ was detected in the
PBMC of most breast cancer patients, whereas none was
observed in the healthy volunteers, highlighting the im-
portant role of CK19+ in predicting breast cancer de-
velopment. It is worth noting that CK19 can be tested
in almost all of the epithelial cells, epithelial tumor cells
and some nonepithelial tumor cells, except in the PBMC,
which can be regarded as an excellent marker for detecting
local invasion and metastasis of tumors, and theoretically
prove the existence of CTCs (35). Furthermore, this study
also documented that the positive rate of CK19 might also
exhibit a significantly positive association with the clinical
stage and lymph node metastasis. We could hence specu-
late that there was the existence of CTCs during the early
stage of breast cancer since CK19+ was detected in stage
I patients, confirming a potential role of CTCs in hinting
the metastasis of tumor cells in breast cancer progression.
Meanwhile, the positive rates of CK19 in ER-positive, C-
erbB2-positive as well as TNBC tissues were significantly
higher than those of the negative tissues, which in turn
suggested a close relationship of CTCs’ positive expres-
sion with ER, C-erbB2, and molecular typing of breast
cancer. This can be explained by the reason that both ER
and C-erbB2 were previously proved to have synergetic
role in breast carcinogenesis. Specifically, ERs can pro-
mote the protective effects of estrogens in humans, where
estrogens are pleiotropic hormones having an effect on the
reproductive system, central nervous system, as well as the
cardiovascular system and skeletal system (36,37). As for

C-erbB2 (also known as HER2), this protein largely medi-
ates the growth of in vitro signal transduction systems, cell
proliferation, and cellular transformation, while its over-
expression or amplification has been reported to be related
to various solid tumors such as endometrial cancer and
ovarian cancer (38,39). With respect to TNBC, evidently,
patients with TNBC had significantly higher incidence of
recurrence or distant metastasis associated with increased
frequency of breast cancer stem cell phenotypes compared
with those with non-triple-negative tumors (40).

Further, the importance of CD44+/CD24−/low cells
(stem/progenitor cell phenotype) in breast cancer patients
has been appreciated (40). Another important result of
this study indicated that since there were large propor-
tion of CD44+/CD24−/low cells detected in the CK19+

cells and micrometastasis in PBMC, and TSCs detection
might thereby be closely interconnected. In breast can-
cer, the propagation of human breast cancer cells into
the mouse mammary fat pad experiment suggested that
there were different cell-surface markers’ expression de-
tected in breast cancer cells with tumorigenic activity
as compared with those nontumorigenic cells (41). The
identified cells strongly expressed the adhesion molecule
CD44 with no or extremely low levels of CD24, re-
ferred to as CD44+/CD24−/low cells. In some senses,
CD44+/CD24−/low cells were shown to resemble normal
stem cells regarding their ability to either self-renew, or
to proliferate/differentiate into diverse cell types (42). In
consistency with our results, Wei et al. also found that
the prevalence of CD44+/CD24−/low cells in breast can-
cer may favor distant metastasis (43). Besides, with the
appearance of a later clinical stage, TSCs accounted for
a higher proportion of CTCs. In the present experiment,
CD44+/CD24−/low cells were detected in the PBMC of
stage I patients, indicating that breast cancer might be a
systemic disease in its early stage and there might be a
high probability of concurrent micrometastasis.

In conclusion, these findings suggest that both CTCs
and TSCs could be detected in the PBMC of breast cancer
patients; besides, positive expression rate of CTCs might
be obviously associated with the clinical stage and metas-
tasis. Positive relationship of TSCs and clinical stage of
breast cancer was also proved in this study. All in all, the
above investigation may aid the design of better tools to
diagnose and treat metastatic breast cancer, as well as con-
tribute to the development of therapeutic targets directed
to breast cancer.
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