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Abstract

Introduction: The presence of circulating tumor cells (CTC) in breast cancer might be associated with stem cell-
like tumor cells which have been suggested to be the active source of metastatic spread in primary tumors.
Furthermore, to be able to disseminate and metastasize, CTC must be able to perform epithelial-mesenchymal
transition (EMT). We studied the expression of three EMT markers and the stem cell marker ALDH1 in CTC from 502
primary breast cancer patients. Data were correlated with the presence of disseminated tumor cells (DTC) in the
bone marrow (BM) and with clinicopathological data of the patients.

Methods: A total of 2 × 5 ml of blood was analyzed for CTC with the AdnaTest BreastCancer (AdnaGen AG) for the
detection of EpCAM, MUC-1, HER2 and beta-Actin transcripts. The recovered c-DNA was additionally multiplex
tested for three EMT markers [TWIST1, Akt2, phosphoinositide kinase-3 (PI3Ka)] and separately for the tumor stem
cell marker ALDH1. The identification of EMT markers was considered positive if at least one marker was detected
in the sample. Two BM aspirates from all patients were analyzed for DTC by immunocytochemistry using the pan-
cytokeratin antibody A45-B/B3.

Results: Ninety-seven percent of 30 healthy donor samples investigated were negative for EMT and 95% for
ALDH1 transcripts, respectively. CTC were detected in 97/502 (19%) patients. At least one of the EMT markers was
expressed in 29% and ALDH1 was present in 14% of the samples, respectively. Interestingly, 5% of the ALDH1-
positive and 18% of the EMT-positive patients were CTC-negative based on the cut-off level determined for CTC-
positivity applying the AdnaTest BreastCancer. DTC in the BM were detected in 107/502 (21%) patients and no
correlation was found between BM status and CTC positivity (P = 0.41). The presence of CTC, EMT and ALDH1
expression was not correlated to any of the prognostic clinical markers.

Conclusions: Our data indicate that (1) a subset of primary breast cancer patients shows EMT and stem cell
characteristics and (2) the currently used detection methods for CTC are not efficient to identify a subtype of CTC
which underwent EMT. (3) The clinical relevance on prognosis and therapy response has to be further evaluated in
a prospective trial.

Introduction
Disseminated tumor cells (DTC) in the bone marrow
(BM) and circulating tumor cells (CTC) in blood are
suggested as potential surrogate markers for minimal
residual disease, the precursor of metastatic disease.
Their presence in blood and BM of primary breast
cancer patients represents a strong independent

prognostic factor for reduced disease-free and overall
survival [1-4]. In addition, it has been demonstrated
that tumor cells frequently survive chemotherapy [5,6]
and that their persistence in BM and blood after con-
ventional adjuvant chemotherapy is associated with
poor prognosis [7-9].
One currently discussed hypothesis for the persistence

of these cells is the theory that some DTC or CTC are
cancer stem cells which have been suggested to be the
active source of metastatic spread in primary tumors
[10,11]. For DTC, at least one study has confirmed a
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putative stem cell phenotype showing that CD44+ CD24-

cells were detected in the BM of all patients with cyto-
keratin (CK)-positive cells, whereas their mean preva-
lence among the total number of DTC was 72% [12].
Among CTC identified in patients with metastatic

breast cancer, 32% had the stem cell like phenotype
CD44+CD24- and 17% of the CTC were positive for
one other recently proposed stem cell marker, alde-
hyde dehydrogenase 1 (ALDH1) [13] which has been
associated with poor prognosis in different forms of
breast cancer [14,15]. In addition, CTC from patients
with primary and metastatic breast cancer were shown
to express receptors and activated signaling kinases of
the EGFR/HER2/PI3K/Akt pathway [16], which has
been described as one of the major pathways in the
regulation of mammary stem/progenitor cells, promot-
ing proliferation and the inhibition of apoptosis [17].
We recently demonstrated that CTC in primary breast
cancer patients are generally triple-negative [18], which
is in concordance with the cancer stem cell theory
[19,20].
To be able to disseminate from the primary tumor

and metastasize, tumor cells have to undergo phenotypic
changes, known as epithelial-mesenchymal transition
(EMT), which allows them to travel to the site of metas-
tasis formation without getting affected by conventional
treatment. For CTC, EMT and stem cell features have
recently been documented in 92 breast cancer patients
in all stages of the disease [21]. In metastatic breast can-
cer, we were able to show that a major proportion of
CTC found in the blood of cancer patients shows EMT
and tumor stem cell characteristics and that CTC
expressing EMT and tumor stem cell markers were an
indicator for therapy resistant cell populations and thus,
for an inferior prognosis [22].
So far, no data are available for large cohorts of pri-

mary breast cancer patients. Assuming that metastasis
requires a dissemination of tumor stem cells or tumor
cells showing EMT, we studied the expression of (1) the
EMT markers Akt2, phosphoinositide kinase-3a (PI3K-
a) and the transcription factor TWIST1 and (2) the
stem cell marker ALDH1 in CTC isolated from 502
patients with primary breast cancer. Data were corre-
lated with the presence of DTC in the BM and clinico-
pathological data of the patients.

Materials and methods
Patient population and patient characteristics
The study was conducted at the Department of Obste-
trics and Gynecology in Essen and in the Department of
Obstetrics and Gynecology in Tübingen. In total, 502
primary breast cancer patients (pT1-4, pN0-2, Mo) have
been studied. Patients’ characteristics at the time of
diagnosis are shown in Table 1.

IGROV- cell line
The ovarian cancer cell line was purchased from the
ATCC (American Tissue Culture Collection, Rockville,
MD, USA) and cultured in a humidified incubator at 37°
C in an atmosphere of 5% CO2 and 95% air. The cell
line was maintained in RPMI medium supplemented
with 10% heat-inactivated fetal bovine serum and 1%
penicillin/streptavidin (Biochrom KG, Seromed, Berlin,
Germany).

Healthy controls
A total of 5 ml of blood was collected from 30 healthy
donors aged 23 to 73 years for the determination of spe-
cificity and sensitivity of the applied tests for the deter-
mination of ALDH1 and EMT markers.

Collection and analysis of BM
Between 10 and 20 ml BM were aspirated from the
anterior iliac crests of all primary breast cancer patients

Table 1 Clinical data of patients

Characteristics Total CTC pos In % P-value

Total 502 97 19 -

Tumor Size

pT1 322 58 18 0.32

pT2-4 180 39 22

Nodal Status

Negative 340 65 19 0.79

Positive 159 32 20

Histology

Ductal 392 78 20 0.83

Lobular 77 13 17

Others 30 6 20

Grading

G I 95 18 19 0.68

G II 290 53 18

G III 113 25 22

ER status

Positive 415 77 19 0.34

Negative 87 20 23

PR status

Positive 382 72 19 0.63

Negative 120 25 21

HER2 status

Negative 437 83 19 0.50

Positive 62 14 23

DTC

Negative 367 69 19 0.41

Positive 107 24 21

Subtype by IHC

(ER-, PR-, HER2-) 58 14 24 0.62

(ER-, PR-, HER2+) 17 3 18

(ER+ and/or PR+) 424 80 19
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at the time of surgery and processed within 24 hours.
All specimens were obtained after written informed con-
sent and collected using protocols approved by the insti-
tutional review board (114/2006A/05/2856). Tumor cell
isolation and detection was performed based on the
recommendations for standardized tumor cell detection
recently published by the German Consensus group of
Senology [23]. Details of the staining procedure and cell
detection have been described elsewhere [18].

Sampling of blood
Two × 5 ml EDTA blood was collected for isolation of
CTC before the application of therapeutic substances
with an S-Monovette® (Sarstedt AG & Co., Nümbrecht,
Germany) and stored at 4°C until further examination.
The samples were processed immediately or not later
than four hours after blood withdrawal. An additional
serum sample was collected to determine serum tumor
markers.

Tumor cell enrichment/selection
Blood samples were taken from 502 patients and ana-
lyzed for CTC with the AdnaTest BreastCancer (Adna-
Gen AG, Langenhagen, Germany), which enables the
immunomagnetic enrichment of tumor cells via epithe-
lial and tumor associated antigens. In brief, blood sam-
ples were incubated with a ready-to-use antibody
mixture (against GA733-2 and MUC-1) commercialized
as AdnaTest BreastCancerSelect according to the manu-
facturer’s instructions. The labelled cells were extracted
by a magnetic particle concentrator (MPC). Subse-
quently, mRNA isolation from lysed, enriched cells was
performed according to the manufacturer’s instructions
with the Dynabeads mRNA DIRECT™ Micro Kit (Dynal
Biotech GmbH, Hamburg, Germany) that is included in
the AdnaTest BreastCancerDetect. Reverse transcription
resulted in cDNA, which was the template for tumor
cell detection and characterization by multiplex RT-
PCR. Sensiscript® Reverse Transcriptase (QIAGEN
GmbH, Hilden, Germany) was used for the reverse tran-
scription because of its high sensitivity (recommended
for amounts of < 50 ng RNA) in combination with oligo
(dT) coupled Dynabeads of the mRNA DIRECT™ Micro
Kit (Dynal Biotech GmbH) according to the manufac-
turer’s instructions [24].

Tumor cell detection
The Adnatest BreastCancerDetect was used for the
detection of breast cancer-associated gene expression in
immunomagnetically enriched tumor cells by reverse
transcription and PCR. The analysis of tumor-associated
mRNA isolated from CTC was performed in a multiplex
PCR for the three tumor-associated transcripts HER2,

MUC-1 and GA 733-2 followed by storage of the sam-
ples at 4°C.
The primer sets for the ER and PR receptor were pro-

vided from Adnagen®AG (Langenhagen, Germany). ER
and PR were detected on CTC performed with these
reagents after the preparation of the cDNA and accord-
ing to the instructions of the AdnaTest BreastCancerDe-
tect. PCR was performed with the HotStarTaq Master
Mix (QIAGEN GmbH). Actin was used as an internal
PCR positive control. The thermal profile used for the
nested RT-PCR was as follows: After a 15-minute dena-
turation at 95°C, 37 cycles of PCR were carried out by
denaturation at 94°C for 30 s, annealing/extension at 60°
C for 30 s and elongation for 30 s at 72°C. Subsequently,
termination of the reaction was carried out at 72°C for
five minutes followed by storage of the samples at 4°C.
The primers generate fragments of the following sizes:

GA 733-2: 395 base pairs (bp), MUC-1: 293 bp, HER2:
270 bp, and actin: 114 bp. Visualization of the PCR frag-
ments was carried out with a 2100 Bioanalyzer using the
DNA 1000 LabChips (Agilent Technologies and the
Expert Software Package (version B.02.03.SI307) both
Böblingen, Germany.

Evaluation of data established for CTC
The test is considered positive if a PCR fragment of at
least one tumor associated transcript (MUC-1, GA 773-
2 or HER2) is clearly detected. Using the software pack-
age for evaluation of the data on the Agilent 2100 Bioa-
nalyzer, peaks with a concentration of > 0.15 ng/μl are
positive for the transcripts GA733-2, MUC-1 and HER2.

The AdnaTest TumorStemCell/The AdnaTest EMT
Both tests require the enrichment of CTC from 5 ml
blood using the AdnaTest BreastCancerSelect prior to
the singleplex PCR assay to analyze ALDH1 and the
multiplex PCR assay to analyze EMT markers and actin
as an internal control. Contaminating leukocytes (about
1,500 per sample) are reduced 10-fold by using a special
washing procedure (AdnaWash buffer). This enables the
proper differentiation of EMT and tumor stem cell
expression profiles with a specificity of > 90% which was
confirmed in healthy donor samples.
The thermal profile used for EMT multiplex RT-PCR

was as follows: After a 15-minute denaturation at 95°C,
35 PCR cycles were carried out by denaturation at 94°C
for 30 s, annealing/extension at 60°C for 30 s and elon-
gation for 45 s at 72°C. Subsequently, termination of the
reaction was carried out at 72°C for 10 minutes followed
by storage of the samples at 4°C. The primers generate
fragments of the following sizes: Akt-2: 306 bp, TWIST
1: 203 bp, PI3Ka: 595 bp and Actin: 119 bp,
respectively.

Kasimir-Bauer et al. Breast Cancer Research 2012, 14:R15
http://breast-cancer-research.com/content/14/1/R15

Page 3 of 9



The thermal profile used for ALDH1 singleplex PCR
was as follows: After a 15-minute denaturation at 95°C,
35 PCR cycles were carried out by denaturation at 94°C
for 30 s, annealing/extension at 51°C for 30 s and elon-
gation for 30 s at 72°C. Subsequently, termination of the
reaction was carried out at 72°C for five minutes fol-
lowed by storage of the samples at 4°C. The generated
fragment size for ALDH1 is 165 bp.

Immunohistochemical analysis of the primary tumor
For each of the 502 patients, the tumor type, TNM-sta-
ging and grading were assessed according to the WHO-
Classification of tumors of the breast [25] and the sixth
edition of the TNM Classification System [26]. The ER
and PR receptor status were routinely determined by
immunohistochemistry in the departments of pathology
of each University Hospital. The DAKO-Score for the
expression of HER2 was determined with the HercepT-
est and FISH analysis in cases of 2+ staining as deter-
mined with the HercepTest was performed as described
elsewhere [27]. Details have been described elsewhere
[18].

Statistical analysis
The chi-squared test or Fisher’s exact test was used to
evaluate the relationship between DTC and CTC and
clinicopathological factors. Statistical analysis was per-
formed by SPSS, version 11.5 (SPSS Inc., Chicago, IL,
USA). P-values below 0.05 were considered statistically
significant.

Results
Patients’characteristics
A total of 502 patients were included in the study. Clini-
cal data are shown in detail in Table 1. The majority of
patients had tumors smaller than 2 cm and were node-
negative. A total of 415 of 502 (82%) patients were ER-
positive and 382 of 502 patients were PR-positive,
respectively. HER2 expression was present in 62 of 502
patients (12%). Classifying tumors in subtypes based on
their ER, PR and HER2 expression, 424/502 (85%) of the
tumors were ER and/or PR positive, 58/502 (12%) were
triple-negative (ER-/PR-/HER2-) and 17 tumors (3%)
only expressed HER2 (ER-/PR-/HER2+).

Correlation of CTC with established prognostic markers
A blood sample was regarded CTC positive if at least
one of the three markers EPCAM, MUC-1 or HER2 was
expressed. The overall detection rate for CTC was 19%
(97/502 patients). The presence of CTC did not signifi-
cantly correlate with any of the clinicopathological fac-
tors. DTC were found in 107/502 (21%) patients. No
correlation could also be observed between positive BM
status and CTC positivity (P = 0.41; Table 1).

Correlation of CTC and EMT markers/ALDH1
All samples were further examined for ALDH1 and
EMT markers and correlated with the presence of CTC.
The complete data set for the detection of CTC, the
expression for ALDH1 as well as the EMT markers
could be determined in 446/502 patients. At least one of
the EMT markers was expressed in 29% (Akt2 27%;
PI3K 17%; TWIST 1%) and ALDH1 was present in 14%
of the samples, respectively (Figure 1). In the CTC+

group, 66 of 92 patients (72%) were positive for at least
one of the EMT markers and 42 of 92 patients (46%)
were positive for ALDH1, respectively. In the CTC-

group, the percentages were 18% (63 of 354 patients)
and 5% (19/353 patients) (Figure 2). Table 2 shows a
more detailed analysis of the distribution of the indivi-
dual markers among the CTC+ and CTC- groups. In the
CTC+ group, the expression rates for the EMT markers
were 1% (TWIST), 70% (Akt2), and 52% (PI3Ka) and in
the CTC- group, the percentages were 1%, 16%, and 8%,
respectively (Table 2). Positivity with EMT markers or
ALDH1 was not associated with any of the clinicopatho-
logical factors.

Discussion
Enumeration of CTC in breast cancer, using the FDA
approved CellSearch technology, has been well estab-
lished in several clinical studies, showing a correlation
with decreased progression-free survival and overall sur-
vival in primary as well as in metastatic breast cancer
before the initiation of treatment [28-31]. Monitoring
studies provided valuable clinical information for the
management of breast cancer patients and an ongoing
prospective randomized clinical trial is now addressing
the question whether to change an existing treatment
protocol according to the persistence of CTC after three
to five weeks of therapy instead of waiting for clinical
and radiologic evidence of progression in metastatic
breast cancer patients [SWOG S0500, clinicaltrials.gov,
identifier: NCT00382018].
Despite the prognostic impact of CTC counts in

breast cancer, mainly using EpCAM-based capturing
methods, it has been shown that this procedure is not
able to detect the entire, highly heterogenous population
of CTC [32,33]. In addition, their biological features are
poorly understood and it is assumed that only a few
CTC are able to grow into clinically evident metastases
[34]. Furthermore, the current belief is that EMT pro-
cesses, also in the primary tumor, play key roles in the
invasion steps of the metastatic cascade involved in the
generation of the so called breast cancer stem cells [35].
Taking all these considerations into account, we

applied a multimarker RT-PCR assay for the identifica-
tion of CTC-associated transcripts, using an antibody
‘cocktail’ for capturing CTC of epithelial origin. This
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test procedure has been successfully applied for the
detection and characterization of CTC in gynaecological
cancers and the prognostic value has been shown for
monitoring of metastatic breast cancer patients and
recently for primary ovarian cancer patients where the
detection of CTC before surgery and after platinum-
based chemotherapy significantly correlated with a
reduced overall survival [18,22,36,37]. Interestingly, a

very recent publication demonstrated that the AdnaTest
complements the CellSearch system by improving the
overall detection rate and permitting the assessment of
genomic markers in CTC in metastatic breast cancer
patients [38]. Using this technology, we demonstrate
here, by the analysis of 502 primary breast cancer
patients, that a subset of patients shows EMT and stem
cell characteristics and that the currently used detection

Figure 1 Expression of EMT-markers and ALDH1. At least one of the EMT markers was expressed in 29% and ALDH1 was present in 14% of
the samples, respectively.
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Figure 2 Expression of EMT-markers and ALDH1 in CTC+ and CTC- patients. In the CTC+ group, 66 of 92 patients (72%) were positive for at
least one of the EMT markers and 42 of 92 patients (46%) were positive for ALDH1, respectively. In the CTC- group, the percentages were 18%
(63 of 354 patients) and 5% (19/353 patients).
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methods for CTC are not efficient to identify a subtype
of CTC which underwent EMT or display a cancer stem
cell phenotype. To our knowledge, this is the biggest
patient cohort published up to now, analyzing these
CTC characteristics.
At least one of the EMT markers was expressed in

29% and ALDH1 was present in 14% of the samples,
respectively. Very recently published data in smaller
patient groups support our data. Raimondi et al. investi-
gated the expression of EMT and stemness markers in
92 breast cancer patients at all stages of the disease.
Using the standard definition of CTC as EpCAM+/CK
+/CD45-, the authors failed to find them in 31/92 (34%)
patients. The absence of CTC was defined as the lack of
expression in the enriched EpCAM-positive fraction.
Nevertheless, in 12/31 (38%) of these CK-negative cells
they found the expression of EMT markers, specifically
vimentin and fibronectin. They concluded that current
CTC detection methods underestimate the most impor-
tant subpopulations of CTC involved in cancer dissemi-
nation, which often share EMT and stemness features
[21]. These data are in accordance with our findings,
showing that 5% of the ALDH1-positive and 18% of the
EMT-positive patients were CTC-negative based on the
cut-off level determined for CTC-positivity applying the
AdnaTest BreastCancer.
Reuben et al. assessed the presence of Aldeflour

+epithelial (CD326+CD45dim) cells for the presence of
the CD44+CD24lo phenotype in the BM of patients
with primary breast cancer. They report that the percen-
tage of CD44+CD24lo cancer stem cells in the BM is
higher in primary breast cancer patients with high risk
tumor features. Furthermore, patients who received
neoadjuvant chemotherapy were more likely to have
percentages of Aldeflour+ epithelial cells than the high-
est level of healthy donors [11].
In a retrospective study, including 292 metastatic

breast cancer patients, CTC were enumerated before
patients started a new line of treatment using the Cell-
Search System. CTC were not detected in 36% of the
patients. In multivariate analysis, brain metastasis and
bone involvement remained independent variables asso-
ciated with undetectable CTC status. Also, patients with

negative hormone receptors, high tumor grade, triple-
negative disease and inflammatory breast cancer had
increased probabilities for undetectable CTC. The
authors suggested that these findings could be due to an
under estimation of CTC by CellSearch due partly to
CTC undergoing EMT [39]. A second observation of
this study was a significant association of the absence of
bone metastasis and undetectable CTC status as well.
This again raises the frequently asked question of

whether BM analysis for the detection of DTC can be
replaced by blood sampling for the detection of CTC. In
our present study, as well as in our recently published
study, comparing DTC and CTC in 431 primary breast
cancer patients, we documented a weak concordance
between the presence of these cells in BM and blood,
concluding that the biology of these cells may be differ-
ent [18]. These data are in accordance with other com-
parison studies where, in general, the correlation
between DTC and CTC was shown to be low [40-43].
In brief, the detection of CTC appeared to be less sensi-
tive and less prognostic and the prognosis of women
with primary breast cancer depended on DTC rather
than CTC. However, two other recently published stu-
dies found that the determination of CTC status by RT-
PCR conveyed clinically relevant information that was
not inferior to DTC status in breast cancer [44,45]. Con-
clusively, blood analysis can give complementary infor-
mation to that obtained by BM analysis.
There are different explanations for this phenomenon.

1) The absence of CTC as described above by Mego et
al. may also be dependent on the inadequacy of CTC
standard selection procedures. Most selection proce-
dures are based only on EpCAM, which possibly gets
lost during the progress of EMT. 2) EMT cells, degrad-
ing the surrounding matrix, also allow the detachment
and dissemination of non-EMT tumor cells. Thus, DTC
and CTC may reflect the heterogeneous tumor cell
population of the primary tumor, including differen-
tiated and more stem cell-like tumor cells. 3) One may
also speculate that bone metastasis requires a different
mechanism of dissemination or epithelial differentiation.
The PTEN/Akt/mTOR pathway has been described: 1)

as one of the major pathways in the regulation of mam-
mary stem/progenitor cells, 2) to confer resistance to
conventional therapy, and 3) to play a central role in the
viability and maintenance of cancer stem cells in breast,
promoting proliferation and the inhibition of apoptosis
[17,46]. Furthermore, cells undergoing EMT have been
shown to develop resistance to anti-cancer agents [47].
Only a few studies have addressed these aspects in

CTC. By analyzing peripheral blood mononuclear cell
cytospins from 28 CK-positive and 17 CK-negative
patients samples using confocal laser scanning micro-
scopy, phosphorylated PI-3 kinase (phospho PI3K) was

Table 2 Expression of EMT markers and ALDH1 in CTC-
positive and CTC- negative patients

N EMT AKT PI3K TWIST N ALDH1
pos

CTC
neg

354 63 (18%) 57 (16%) 28 (8%) 2 (1%) 353 19 (5%)

CTC
pos

92 66 (72%) 64 (70%) 48
(52%)

1 (1%) 92 42 (46%)

Total 446 129
(29%)

121
(27%)

76
(17%)

3 (1%) 445 61 (14%)
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documented in 15 of 17 CK- positive samples [48]. In a
recent study, the authors analyzed peripheral blood
mononuclear cells from 32 cytokeratin-19 mRNA-posi-
tive patients with early and 16 patients with metastatic
breast cancer and reported that phospho PI3K/Akt were
identified in a significant proportion of CTC [16]. These
data support the data of this study as well as our
recently published data in metastatic breast cancer
showing that a major proportion of CTC expressed
PI3K, Akt2 as well as the transcription factor TWIST
and ALDH1 which was associated with therapy resis-
tance and an inferior prognosis [22].
In summary, the expression of stemness and EMT

markers in CTC has been found associated with resis-
tance to conventional anti-cancer therapies and treat-
ment failure, highlighting the urgency of improving
tools for detecting and eliminating minimal residual dis-
ease [49]. Consequently, the detection of stemness-like
cells is highly recommended for therapeutic and diag-
nostic implications. Signaling pathways that maintain
cancer stem cells are attractive targets for these thera-
pies. Preclinically, everolimus (RAD001), an oral inhibi-
tor of mTOR acting downstream of the PI3K/AKT
pathway, has been shown to reverse resistance to
tamoxifen. In a phase II study, RAD001 combined with
tamoxifen provided significant improvement in the six-
month clinical benefit rate compared to tamoxifen alone
[50]. Furthermore, RAD001 had effective inhibitory
effects on cancer stem cells in vitro and in vivo and,
combination treatment with RAD001 and docetaxel or
Herceptin® may be effective in refractory metastatic
breast cancer [51]. In addition, combinational therapy
aimed at Shh and mTOR signaling inhibition, together
with standard chemotherapy, proved to be capable of
selectively eliminating cancer stem cells [52].
Li et al. demonstrated that the remaining tumorigenic

cells after chemotherapy had unique properties of
enhanced self-renewal as demonstrated by formation of
mammospheres and increased propensity for tumor for-
mation. In addition, lapatinib did not lead to an increase
in these tumorigenic cells, and thus, in combination
with conventional therapy, specific pathway inhibitors
may provide a therapeutic strategy for eliminating these
cells to decrease recurrence and improve long-term sur-
vival [53]. Another promising agent is salinomycin
where global gene expression analyses showed that sali-
nomycin treatment resulted in the loss of expression of
breast cancer stem cells [54].

Conclusions
The cancer stem cell hypothesis is a new paradigm that
could have a major impact on the treatment of disease
by suggesting a new target for cancer therapy. Current
treatments of cancer have shown efficacy in removing

the bulk of differentiated cancer cells while failing to
eliminate the cancer stem cells responsible for tumor
relapse. Targeting residual cells with stem cell self-
renewal properties in combination with conventional
chemotherapy may provide a specific approach to pre-
vent cancer recurrence and improve long-term survival.

Abbreviations
AdnaGen AG: AdnaTest BreastCancer ; AdnaGen is the company: AdnaTest
BreastCancer is a commercially available; CTC test ATCC: American Tissue
Culture Collection; BM: bone marrow; CK: cytokeratin; CTC: circulating tumor
cells; DTC: disseminated tumor cells; EMT: epithelial-mesenchymal transition;
MPC: magnetic particle concentrator; PI3Kα: phosphoinositide kinase-3α.

Acknowledgements
This study was partially funded by the Bundesministerium für Bildung und
Forschung (BMBF, 01ES0724). We gratefully acknowledge our technicians
Silke Dürr-Stürzer, Gisela Köstner and Ute Kirsch for excellent technical
assistance.

Author details
1Department of Gynecology and Obstetrics, University Hospital of Essen,
University of Duisburg-Essen, D-45122 Essen, Germany. 2Department of
Gynecology and Obstetrics, University Hospital of Tuebingen, D-72076
Tuebingen, Germany.

Authors’ contributions
SKB, OH and TF made substantial contributions to the conception and
design of the study, acquisition of data, analysis and interpretation of the
data. TF and SKB were involved in drafting the manuscript or revising it. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 18 July 2011 Revised: 31 October 2011
Accepted: 20 January 2012 Published: 20 January 2012

References
1. Braun S, Vogl FD, Naume B, Janni W, Osborne MP, Coombes RC,

Schlimok G, Diel IJ, Gerber G, Gebauer G, Pierga JY, Marth C, Oruzio D,
Wiedswang G, Solomayer EF, Kundt G, Strobl B, Fehm T, Wong GY, Bliss J,
Vincent-Salomon A, Pantel K: A pooled analysis of bone marrow
micrometastasis in breast cancer. N Engl J Med 2005, 353:793-802.

2. Stathopoulou A, Vlachonikolis I, Mavroudis D, Perraki M, Kouroussis Ch,
Apostolaki S, Malamos N, Kakolyris S, Kotsakis A, Xenidis N, Reppa D,
Georgoulias V: Molecular detection of cytokeratin-19-positive cells in the
peripheral blood of patients with operable breast cancer: evaluation of
their prognostic significance. J Clin Oncol 2002, 20:3404-3412.

3. Xenidis N, Perraki M, Androulakis N, Kouroussis C, Christophylakis C,
Argyraki K, Stathopoulos S, Georgoulias V, Mavroudis D: Predictive and
Prognostic Value of Peripheral Blood Cytokeratin-19 mRNA-Positive Cells
Detected by Real-Time Polymerase Chain Reaction in Node-Negative
Breast Cancer Patients. J Clin Oncol 2006, 24:3756-3762.

4. Ignatiadis M, Georgoulias V, Mavroudis D: Micrometastatic disease in
breast cancer: clinical implications. Eur J Cancer 2008, 44:2726-2736.

5. Braun S, Kentenich C, Janni W, Hepp F, de Waal J, Willgeroth F, Sommer H,
Pantel K: Lack of effect of adjuvant chemotherapy on the elimination of
single dormant tumor cells in bone marrow of high-risk breast cancer
patients. J Clin Oncol 2000, 18:80-86.

6. Kasimir-Bauer S, Mayer S, Bojko P, Borquez D, Neumann R, Seeber S:
Survival of tumor cells in stem cell preparations and bone marrow of
patients with high-risk or metastatic breast cancer after receiving dose-
intensive or high-dose chemotherapy. Clin Cancer Res 2001, 7:1582-1588.

7. Wiedswang G, Borgen E, Karesen R, Qvist H, Janbu J, Kvalheim G,
Nesland JM, Naume B: Isolated tumor cells in bone marrow three years
after diagnosis in disease-free breast cancer patients predict unfavorable
clinical outcome. Clin Cancer Res 2004, 10:5342-5348.

Kasimir-Bauer et al. Breast Cancer Research 2012, 14:R15
http://breast-cancer-research.com/content/14/1/R15

Page 7 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16120859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16120859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12177100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12177100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12177100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769987?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19056036?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10623696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10623696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10623696?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11410494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11410494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11410494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15328170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15328170?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15328170?dopt=Abstract


8. Becker S, Becker-Pergola G, Wallwiener D, Solomayer EF, Fehm T: Detection
of cytokeratin-positive cells in the bone marrow of breast cancer
patients undergoing adjuvant therapy. Breast Cancer Res Treat 2006,
97:91-96.

9. Xenidis N, Ignatiadis M, Apostolaki S, Perraki M, Kalbakis K, Agelaki S,
Stathopoulos EN, Chlouverakis G, Lianidou E, Kakolyris S, Georgoulias V,
Mavroudis D: Cytokeratin-19 mRNA-positive circulating tumor cells after
adjuvant chemotherapy in patients with early breast cancer. J Clin Oncol
2009, 27:2177-2184.

10. Abraham BK, Fritz P, McClellan M, Hauptvogel P, Athelogou M, Brauch H:
Prevalence of CD44+/CD24-/low cells in breast cancer may not be
associated with clinical outcome but may favor distant metastasis. Clin
Cancer Res 2005, 11:1154-1159.

11. Reuben JM, Lee BN, Gao H, Cohen EN, Mego M, Giordano A, Wang X,
Lodhi A, Krishnamurthy S, Hortobagyi GN, Cristofanilli M, Lucci A,
Woodward WA: Primary breast cancer patients with high risk
clinicopathologic features have high percentages of bone marrow
epithelial cells with ALDH activity and CD44(+)CD24(lo) cancer stem cell
phenotype. Eur J Cancer 2011, 47:1527-1536.

12. Balic M, Lin H, Young L, Hawes D, Giuliano A, McNamara G, Datar RH,
Cote RJ: Most early disseminated cancer cells detected in bone marrow
of breast cancer patients have a putative breast cancer stem cell
phenotype. Clin Cancer Res 2006, 12:5615-5621.

13. Theodoropoulos PA, Polioudaki H, Agelaki S, Kallergi G, Saridaki Z,
Mavroudis D, Georgoulias V: Circulating tumor cells with a putative stem
cell phenotype in peripheral blood of patients with breast cancer.
Cancer Lett 2010, 288:99-106.

14. Ginestier C, Hur MH, Charafe-Jauffret E, Monville F, Dutcher J, Brown M,
Jacquemier J, Viens P, Kleer CG, Liu S, Schott A, Hayes D, Birnbaum D,
Wicha MS, Dontu G: ALDH1 is a marker of normal and malignant human
mammary stem cells and a predictor of poor clinical outcome. Cell Stem
Cell 2007, 1:555-67.

15. Charafe-Jauffret E, Ginestier C, Iovino F, Tarpin C, Diebel M, Esterni B,
Houvenaeghel G, Extra JM, Bertucci F, Jacquemier J, Xerri L, Dontu G,
Stassi G, Xiao Y, Barsky SH, Birnbaum D, Viens P, Wicha MS: Aldehyde
dehydrogenase 1-positive cancer stem cells mediate metastasis and
poor clinical outcome in inflammatory breast cancer. Clin Cancer Res
2010, 16:45-55.

16. Kallergi G, Agelaki S, Kalykaki A, Stournaras C, Mavroudis D, Georgoulias V:
Phosphorylated EGFR and PI3K/Akt signaling kinases are expressed in
circulating tumor cells of breast cancer patients. Breast Cancer Res 2008,
10:R8.

17. Korkaya H, Paulson A, Charafe-Jauffret E, Ginestier C, Brown M, Dutcher J,
Clouthier SG, Wicha MS: Regulation of mammary stem/progenitor cells by
PTEN/Akt/beta-catenin signaling. PLoS Biol 2009, 7:e1000121.

18. Fehm T, Hoffmann O, Aktas B, Solomayer EF, Wallwiener D, Kimmig R,
Kasimir-Bauer S: Detection and characterization of circulating tumor cells
in blood of primary breast cancer patients by RT-PCR and comparison
to status of bone marrow disseminated cells. Breast Cancer Res 2009, 11:
R59.

19. Dontu G, El-Ashry D, Wicha MS: Breast cancer, stem/progenitor cells and
the estrogen receptor. Trends Endocrinol Metab 2004, 15:193-197.

20. Asselin-Labat ML, Shackleton M, Stingl J, Vaillant F, Forrest NC, Eaves CJ,
Visvader JE, Lindemann GJ: Steroid hormone receptor status of mouse
mammary stem cells. J Natl Cancer Inst 2006, 98:1011-1014.

21. Raimondi C, Gradilone A, Naso G, Vincenzi B, Petracca A, Nicolazzo C,
Palazzo A, Saltarelli R, Spremberg F, Cortesi E, Gazzaniga P: Epithelial-
mesenchymal transition and stemness features in circulating tumor cells
from breast cancer patients. Breast Cancer Res Treat 2011, 130():449-455.

22. Aktas B, Tewes M, Fehm T, Hauch S, Kimmig R, Kasimir-Bauer S: Stem cell
and epithelial-mesenchymal transition markers are frequently expressed
in metastatic breast cancer patients with circulating tumor cells. Breast
Cancer Res 2009, 11:R46.

23. Fehm T, Braun S, Müller V, Janni W, Gebauer G, Marth C, Schindlbeck C,
Wallwiener D, Borgen E, Naume B, Pantel K: A concept for the
standardized detection of disseminated tumor cells in bone marrow of
patients with primary breast cancer and its clinical implementation.
Cancer 2006, 107:885-892.

24. Hauch S, Zimmermann S, Lankiewicz S, Zieglschmid V, Böcher O,
Albert WH: The clinical significance of circulating tumour cells in breast
cancer and colorectal cancer patients. Anticancer Res 2007, 27:1337-1341.

25. Ellis IO, Schnitt SJ, Sastre-Garau X, Bussolati G, Tavassoli FA: Invasive breast
carcinoma. In World Health Organization Classification of Tumours. Tumours
of the Breast and Female Genital Organs. Edited by: Tavassoli FA, Devilee P.
Lyon: IARC Press; 2003:13-59.

26. Sobin LH, Wittekind C: International Union against Cancer. TNM
Classification of Malignant Tumours. 6 edition. New York: Wiley-Liss; 2002.

27. Lal P, Salazar PA, Hudis CA, Ladanyi M, Chen B: HER-2 testing in breast
cancer using immunohistochemical analysis and fluorescence in situ
hybridization: a single-institution experience of 2,279 cases and
comparison of dual-color and single-color scoring. Am J Clin Pathol 2004,
121:631-636.

28. Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, Reuben JM,
Doyle GV, Allard WJ, Terstappen LW, Hayes DF: Circulating tumor cells,
disease progression, and survival in metastatic breast cancer. N Engl J
Med 2004, 351:781-791.

29. Rack B, Schindlbeck C, Andergassen U, Lorenz R, Zwingers T,
Schneeweiss A, Lichtenegger W, Beckmann MW, Sommer H, Pantel K,
Friese K, Janni W, for the SUCCESS Study Group: Prognostic relevance of
circulating tumor cells in the peripheral blood of primary breast cancer
patients. Cancer Res 2010, 70:93s.

30. Pierga JY, Bidard FC, Mathiot C, Brain E, Delaloge S, Giachetti S, de
Cremoux P, Salmon R, Vincent-Salomon A, Marty M: Circulating tumor cell
detection predicts early metastatic relapse after neoadjuvant
chemotherapy in large operable and locally advanced breast cancer in a
phase II randomized trial. Clin Cancer Res 2008, 14:7004-7010.

31. Bidard FC, Mathiot C, Delaloge S, Brain E, Giachetti S, de Cremoux P,
Marty M, Pierga JY: Single circulating tumor cell detection and overall
survival in nonmetastatic breast cancer. Ann Oncol 2010, 21:729-733.

32. Sieuwerts AM, Kraan J, Bolt J, van der Spoel P, Elstrodt F, Schutte M,
Martens JW, Gratama JW, Sleijfer S, Foekens JA: Anti-epithelial cell
adhesion molecule antibodies and the detection of circulating normal-
like breast tumor cells. J Natl Cancer Inst 2009, 101:61-66.

33. Königsberg R, Obermayr E, Bises G, Pfeiler G, Gneist M, Wrba F, de Santis M,
Zeillinger R, Hudec M, Dittrich C: Detection of EpCAM positive and
negative circulating tumor cells in metastatic breast cancer patients.
Acta Oncol 2011, 50:700-710.

34. Gage T, Fan SL: What goes around, comes around: a review of circulating
tumor cells. MLO Med Lab Obs 2010, 42:34-36.

35. Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks M,
Reinhard F, Zhang CC, Shipitsin M, Campbell LL, Polyak K, Brisken C, Yang J,
Weinberg RA: The epithelial-mesenchymal transition generates cells with
properties of stem cells. Cell 2008, 133:704-715.

36. Tewes M, Aktas B, Welt A, Mueller S, Hauch S, Kimmig R, Kasimir-Bauer S:
Molecular profiling and predictive value of circulating tumor cells in
patients with metastatic breast cancer: an option for monitoring
response to breast cancer related therapies. Breast Cancer Res Treat 2009,
115:581-590.

37. Aktas B, Kasimir-Bauer S, Heubner M, Kimmig R, Wimberger P: Combination
of immunomagnetic tumor cell enrichment and molecular profiling for
the detection of circulating tumor cells in blood of ovarian cancer
patients before and after platinum based chemotherapy. Int J Gynecol
Cancer 2011, 21:822-830.

38. Andreopoulou E, Yang LY, Rangel KM, Reuben JM, Hsu L, Krishnamurthy S,
Valero V, Fritsche HA, Cristofanilli M: Comparison of assay methods for
detection of circulating tumor cells (CTCs) in metastatic breast cancer
(MBC): AdnaGen AdnaTest BreastCancer Select/Detect(cent) versus
Veridex CellSearch(cent) system. Int J Cancer 2012, 130:1590-1597.

39. Mego M, De Giorgi U, Dawood S, Wang X, Valero V, Andreopoulou E,
Handy B, Ueno NT, Reuben JM, Cristofanilli M: Characterization of
metastatic breast cancer patients with nondetectable circulating tumor
cells. Int J Cancer 2011, 129:417-423.

40. Pierga J-Y, Bonneton Ch, Vincent-Salomon A, de Cremoux P, Nos C, Blin N,
Pouillart P, Thiery JP, Magdelenat H: Clinical significance of
immunocytochemical detection of tumor cells using digital microscopy
in peripheral blood and bone marrow of breast cancer patients. Clin
Cancer Res 2004, 10:1392-1400.

41. Mueller V, Stahmann N, Riethdorf S, Rau T, Zabel T, Goetz A, Jänicke F,
Pantel K: Circulating tumor cells in breast cancer: Correlation to bone
amrrow micrometastases, heterogeneous response to systemic therapy
and low proliferative activity. Clin Cancer Res 2005, 11:3678-3685.

Kasimir-Bauer et al. Breast Cancer Research 2012, 14:R15
http://breast-cancer-research.com/content/14/1/R15

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16319975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16319975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16319975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19332733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19332733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15709183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15709183?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21334874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21334874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21334874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21334874?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17020963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17020963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17020963?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19619935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19619935?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18371393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18371393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20028757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18205956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18205956?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19492080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19492080?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19664291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19664291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19664291?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15223047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15223047?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16849684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16849684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21298334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21298334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21298334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19589136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16874814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16874814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16874814?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17593628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17593628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15151202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15151202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15151202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15151202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15317891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15317891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18980996?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19850639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19850639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19116383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19116383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19116383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21213581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21213581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18485877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18485877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18679793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18679793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18679793?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21613958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21613958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21613958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21613958?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21469140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21469140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21469140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21469140?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20857493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20857493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20857493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14977842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14977842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14977842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15897564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15897564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15897564?dopt=Abstract


42. Benoy IH, Elst H, Philips M, Wuyts H, Van Dam P, Scharpe S, Van Marck E,
Vermeulen PB, Dirix LY: Real-time RT-PCR detection of disseminated
tumour cells in bone marrow has superior prognostic significance in
comparison with circulating tumour cells in patients with breast cancer.
Br J Cancer 2006, 94:672-680.

43. Wiedswang G, Borgen E, Schirmer C, Karesen R, Kvalheim G, Nesland JM,
Naume B: Comparison of the clinical significance of occult tumor cells in
blood and bone marrow in breast cancer. Int J Cancer 2006,
118:2013-2019.

44. Daskalaki A, Agelaki S, Perraki M, Apostolaki S, Xenidis N, Stathopoulos E,
Kontopodis E, Hatzidaki D, Mavroudis D, Georgoulias V: Detection of
cytokeratin-19 mRNA-positive cells in the peripheral blood and bone
marrow of patients with operable breast cancer. Br J Cancer 2009,
101:589-597.

45. Slade MJ, Payne R, Riethdorf S, Ward B, Zaidi SA, Stebbing J, Palmieri C,
Sinnett HD, Kulinskaya E, Pitfield T, McCormack RT, Pantel K, Coombes RC:
Comparison of bone marrow, disseminated tumour cells and blood-
circulating tumour cells in breast cancer patients after primary
treatment. Br J Cancer 2009, 100:160-166.

46. Zhou J, Wulfkuhle J, Zhang H, Gu P, Yang Y, Deng J, Margolick JB, Liotta LA,
Petricoin E, Zhang Y: Activation of the PTEN/mTOR/STAT3 pathway in
breast cancer stem-like cells is required for viability and maintenance.
Proc Natl Acad Sci USA 2007, 104:16158-16163.

47. Sabbah M, Emami S, Redeuilh G, Julien S, Prevost G, Zimber A, Ouelaa R,
Bracke M, De Wever O, Gespach C: Molecular signature and therapeutic
perspective of the epithelial-to-mesenchymal transitions in epithelial
cancers. Drug Resist Updat 2008, 11:123-151.

48. Kallergi G, Mavroudis D, Georgoulias V, Stournaras C: Phosphorylation of
FAK, PI-3K, and impaired actin organization in CK-positive
micrometastatic breast cancer cells. Mol Med 2007, 13:79-88.

49. Monteiro J, Fodde R: Cancer stemness and metastasis: therapeutic
consequences and perspectives. Eur J Cancer 2010, 46:1198-203.

50. Bachelot T, Bourgier C, Cropet C, Guastalla J-P, Ferrero J-M, Leger-
Falandry C, Soulie P, Eymard J-C, Debled M, Spaeth D, Legouffe E,
Delozier T, El Kouri C, Chidiac J: TAMRAD: A GINECO randomized phase II
trial of Everolimus in combination with tamoxifen versus tamoxifen
alone in patients (pts) with hormone-receptor positive, HER2 negative
metastatic breast cancer (MBC) with prior exposure to aromatase
inhibitors (AI). Cancer Res 2010, 70:77s.

51. Zhang J, Zhang XB, Liu Y, Liu JJ, Zhang MS: Effects of an mTOR inhibitor
RAD001 on human breast cancer stem cells in vitro and in vivo. J Clin
Oncol 2011, 29:e11514.

52. Mueller MT, Hermann PC, Witthauer J, Rubio-Viqueira B, Leicht SF, Huber S,
Ellwart JW, Mustafa M, Bartenstein P, D’Haese JG, Schoenberg MH, Berger F,
Jauch KW, Hidalgo M, Heeschen C: Combined targeted treatment to
eliminate tumorigenic cancer stem cells in human pancreatic cancer.
Gastroenterology 2009, 137:1102-1113.

53. Li X, Lewis MT, Huang J, Gutierrez C, Osborne CK, Wu MF, Hilsenbeck SG,
Pavlick A, Zhang X, Chamness GC, Wong H, Rosen J, Chang JC: Intrinsic
resistance of tumorigenic breast cancer cells to chemotherapy. J Natl
Cancer Inst 2008, 100:672-679.

54. Gupta PB, Onder TT, Jiang G, Tao K, Kuperwasser C, Weinberg RA,
Lander ES: Identification of selective inhibitors of cancer stem cells by
high-throughput screening. Cell 2009, 138:645-659.

doi:10.1186/bcr3099
Cite this article as: Kasimir-Bauer et al.: Expression of stem cell and
epithelial-mesenchymal transition markers in primary breast cancer
patients with circulating tumor cells. Breast Cancer Research 2012 14:R15. Submit your next manuscript to BioMed Central

and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Kasimir-Bauer et al. Breast Cancer Research 2012, 14:R15
http://breast-cancer-research.com/content/14/1/R15

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/16495933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16495933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16495933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16287086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16287086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19623181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19623181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19623181?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19034279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19034279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19034279?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17911267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17911267?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18718806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18718806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18718806?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17515959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20303259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20303259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19501590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19501590?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18445819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18445819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19682730?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19682730?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patient population and patient characteristics
	IGROV- cell line
	Healthy controls
	Collection and analysis of BM
	Sampling of blood
	Tumor cell enrichment/selection
	Tumor cell detection
	Evaluation of data established for CTC
	The AdnaTest TumorStemCell/The AdnaTest EMT
	Immunohistochemical analysis of the primary tumor
	Statistical analysis

	Results
	Patients’characteristics
	Correlation of CTC with established prognostic markers
	Correlation of CTC and EMT markers/ALDH1

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


