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Abstract: Fluorescence detecting of exogenous EpCAM (epithelial cell adhesion molecule) or muc1
(mucin1) expression correlated to cancer metastasis using nanoparticles provides pivotal information
on CTC (circulating tumor cell) occurrence in a noninvasive tool. In this study, we study a new skill
to detect extracellular EpCAM/muc1 using quantum dot-based aptamer beacon (QD-EpCAM/muc1
ALB (aptamer linker beacon). The QD-EpCAM/muc1 ALB was designed using QDs (quantum dots)
and probe. The EpCAM/muc1-targeting aptamer contains a Ep-CAM/muc1 binding sequence
and BHQ1 (black hole quencher 1) or BHQ2 (black hole quencher2). In the absence of target
EpCAM/muc1, the QD-EpCAM/muc1 ALB forms a partial duplex loop-like aptamer beacon
and remained in quenched state because the BHQ1/2 quenches the fluorescence signal-on of the
QD-EpCAM/muc1 ALB. The binding of EpCAM/muc1 of CTC to the EpCAM/muc1 binding
aptamer sequence of the EpCAM/muc1-targeting oligonucleotide triggered the dissociation of
the BHQ1/2 quencher and subsequent signal-on of a green/red fluorescence signal. Furthermore,
acute inflammation was stimulated by trigger such as caerulein in vivo, which resulted in increased
fluorescent signal of the cy5.5-EpCAM/muc1 ALB during cancer metastasis due to exogenous
expression of EpCAM/muc1 in Panc02-implanted mouse model.
Keywords: EpCAM; aptamer; ALB; metastasis; molecular beacon

1. Introduction
Tumor is the second leading cause of death worldwide. Therefore, the implementation of high
activation and selective imaging modalities for timely tumor monitoring and tumor progression
diagnosis are of great clinical importance. Particularly, circulating tumor cells (CTCs), tumor cells
that have escaped from the tumor tissue mass, have the ability to disseminate metastatic sites and
able to enter into the bloodstream, which may respond to tumor progression [1,2] However, the
pathway for CTC dissociation and invasion into the bloodstream is a tangled process and is not yet
fully understood due to the scarcity of detecting tools. There are only a very small number of CTCs in
peripheral blood (within 1 CTC/107 blood cells) [3]. Among the technologies that have been ensured
to facilitate CTC monitoring from blood samples, most can be distinguished as those that target
CTCs based on their surface antigens or on their physical size properties. Although morphological
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confirmation of CTC cells by their severe size, large nuclear profile, and cytoplasmic signature is
readily available, they have tangled heterogeneous phenotypes. Once CTCs have been isolated, their
monitoring is typically determined by immunocytochemical analysis, immunofluorescencing, or
fluorescence microscopy analysis.
The expression level of cytokeratin, epithelial cell adhesion molecule (EpCAM), mucin1 (muc1)
and lymphocyte common antigen (CD45) on CTCs can each vary. Recent studies have reported that
several assays such as CTC and soluble tumor-related biomarkers may be present in the bloodstream
even in the early stage of tumor progression [4]. However, the existence and expression of EpCAM
or muc1 on CTC is not yet known due to the paucity of diagnostic tools. Some approaches have
focused on detecting CTC directly from bloods by combination of several antibodies specific to unique
tumor types, microfluidic system, reverse transcription-PCR and multiplex PCR [5–9]. However, it
has been a huge challenge to detect these biomarkers with high sensitivity due to their infinitesimally
concentration in the bloodstream [7]. The validity of CTC specific antibodies for in vivo applications is
strictly hindered by several factors, such as their high immunogenicity, chemical modification and
high production cost [10]. In addition, most of these approaches are limited by their slow speed and
low CTC-detect yield. Certainly, accurate and sensitive detection of these target biomarkers is of great
significance for timely disease prognosis and monitoring tumor metastasis.
Hence, one of the main issues in molecular imaging of CTC is the development of a detection
method for infinitesimally concentration in the bloodstream. As small-sized oligonucleotides, aptamers
are practically non-immunogenic and nontoxic in contrast to protein antibodies. Importantly, aptamers
are also easily modified by integration of various functional parts, and aptamer-based analytical
reagents can be easily stored or regenerated and reused. Aptamer sequences are designed via an
in vitro selection process known as SELEX (systematic evolution of ligands by exponential enrichment),
which entails a series of repetitive selection and amplification steps after interaction to the goal
molecule [11]. In the past two decades, aptamers have been confirmed as a novel grade of nucleic
acid-based molecular sensing probes, comprising short RNA or single-stranded DNA oligonucleotides
(less than 75 bases in length) with unique stereoscopic structures that can recognize and bind to
their targeting molecules with high specificity and affinity [12]. Aptamers offer many attractive
benefits over protein antibodies that significantly promote their clinical application and effectiveness.
This target-specific binding takes place through a conformational recognition process similar to the one
mediating antibody-antigen reactions, and thus aptamers are often referred to as “chemical antibodies”.
Importantly, aptamers recognize a various field of potential targets including chemical ions, drugs,
DNA, RNA, peptides, proteins, viruses, live cells and tissues, and have the bioability to change
conformation upon affinity to their selective targets. Some recent studies have demonstrated a core
of monitoring tools using aptamers as sensitive recognition probes in integration with skills based
on fluorescence, electrochemistry and others [13]. In another recent study, a cancer cell-activated
fluorescent aptamer-reporter system was developed for sensitive detection of mucin 1, HER2 and
estrogen receptor (ER) on CTCs [11–17]. Briefly, fluorophore and a paired quencher molecule were
conjugated at the 50 -end and 30 -end of the aptamer sequences, respectively. In the absence of target
molecules, the paired quencher molecules quenched the fluorescence. The reaction of the aptamer
with molecules of interest, however, changed the sequence conformation, which induced a long
distance of the fluorophore dye from the paired quencher molecule, and thus the emission of bright
fluorescent signals solely in the existence of target molecules. This activatable aptamer-reporter,
simultaneously monitoring various cellular molecules, thus provides higher selectively and specificity
in CTC diagnosis [18].
2. Experimental Section
2.1. Cell Culture
The murine pancreatic cancer Panc02 was purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Cells were cultured in Dulbecco’s modified eagle’s medium
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(DMEM, Thermo Scientific Hyclone, Waltham, MA, USA) supplemented with 10% fetal bovine serum
(FBS, Gibco, Grand Island, NY, USA) and 1% penicillin/streptomycin (Gbico, Grand Island, NY, USA)
at 5% CO2 and at 37 ◦ C.
2.2. Preparation of an EpCAM Aptamer-Linked Molecular Beacon Conjugated with NIF Probes (NIF-EpCAM
Aptamer-Linked Beacon and QD-Aptamer-Linked Beacon Probe)
To prepare the QD565 EpCAM ALB for in vitro experiment, we designed a single-stranded
oligonucleotide with amine parts at the cohesive end, then linked with a beacon linker sequences.
EpCAM ALB was slightly modified from that described in previous report [19]. The 30 -end with
oligo-EpCAM binding sequence pairs (EpCAM ALB) were attached to the black hole quencher 2
(BHQ2; Bioneer, Inc., Daejeon, Korea). EpCAM/muc1 ALB oligonucleotides was synthesized
and purchased from Bioneer (Daejeon, Korea). The entire EpCAM ALB was prepared as below:
63 nucleotide (n/t); amine-gggacacaatggacgtccgtagttctggctgactggttacccctctaacggccgacatgagag-BHQ2.
The mutant oligonucleotide with sequence partially deleted sequences to the 50 -end of the
short-sequence and a BHQ2 at the 30 -end was synthesized (41 n/t; amine-gggacacaatgg
-acgtccgtagttctgcggccgacatgagag-BHQ2). Muc1 ALB was slightly modified from that
described in previous report [20]. The entire muc1ALB was prepared as follows: 57 n/t;
amine-aaccgcccaaatccctaagctttggataccctggcacagacacactacacacgcaca-BHQ. QDs were purchased
from Molecule Probe (Thermo Scientific Hyclone, Eugene, OR, USA). Underlined sequences
mean target binding molecule of molecular beacon. Bold sequences indicate binding regions
of targeting EpCAM or muc1 molecules. In vivo NIF-EpCAM ALB specific for the detection of
EpCAM in mice were constructed with cy5.5 NIF probe instead of QD dye. According to the
manufacturer’s method, the NH2-EpCAM ALB sequence was conjugated with the COOH-QD565
probe (designated as fluorophore dye) at a molar ratio of 2:1 in 0.1 M TE buffer (pH 7.0) with
78 mg/mL EDC (1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride) for 2 h at room
temperature. To form with secondary structure for high binding ability of EpCAM ALB sequence, at
the EpCAM target binding active site on the cell surface, 5 pmol QD565 EpCAM ALB or 50 pmol cy5.5
NIF EpCAM ALB was thermodynamically annealed at 94 ◦ C and 72 ◦ C PCR condition to construct a
CTC cell-activatable EpCAM ALB sequences.
2.3. Analysis of the Construction of the EpCAM ALB and Muc1 ALB
Electrophoretic gel shift assay was performed to determine the construction of the EpCAM ALB or
muc1 ALB using 1.5% agarose gel (1.5% agarose in nuclease-free 1X TAE buffer). Briefly, 5 pmol of the
EpCAM ALB or muc1 ALB and QD565 -EpCAM ALB or muc1 ALB were run on the gel. The conjugated
pattern on agarose gel was further analyzed by EtBr dye using Gel Doc™ EZ Gel Documentation
System (Bio-Rad, Hercules, CA, USA).
2.4. Specificity of the QD-EpCAM ALB for Sensing CTC
The quenched QD565 -EpCAM ALB was incubated with various numbers of Panc02 cells (1 × 102 ,
5 × 102 , 1 × 103 , 5 × 103 , 1 × 104 and 5 × 104 cells) to check the expression of extracellular EpCAM
in a tube for 5 min at room temperature. EpCAM ALB was also able to bind to EpCAM on the
surface of human cancer cells from different pathological origins, including MDA-MB-231 and Kato III.
Furthermore, EpCAM ALB probe still provided the high selectivity against EpCAM-negative cell lines,
including HEK-293T cells [20,21]. Compared to the parental sequence, the length of EpCAM ALB
mutant is greatly reduced to 16 n/t long oligonucleotides, almost core sequence. Signal-on of the
quenched QD565 -EpCAM ALB was determined by fluorescence intensity and image.
2.5. Confocal Microscopy
Panc02 cells were seeded onto 35 mm cover glass-bottom dish (SPL Life Sciences Ltd., Pocheon,
Korea), covered with a 13-mm diameter cover glass, and cultured for 24 h. Cells were treated with
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2 pmol of the QD565 -EpCAM ALB or 5 pmol of QD525 -muc1 ALB probe. Following washes with PBS
for 5 min two times, cells were fixed in 4% p-formaldehyde (Sigma-Aldrich, St. Louis, MO, USA).
After washing three times with PBS for 5 min, mounting solution was applied. Image of cells were
obtained by confocal laser scanning microscopy (Carl Zeiss LSM710, Weimer, Germany).
2.6. Detection of CTC in Mouse Bloods
To investigate the possibility of NIF-EpCAM ALB for CTC isolation from whole mouse blood
samples (the volume of each blood samples was 10 µL) with caerulein was injected in Panc02-implanted
mouse. Signal-on 5 pmol NIF-EpCAM ALB or 10 pmol muc1 ALB for one-step high affinity detection
of CTCs in mouse whole blood samples were air-dried at room temperature for 5 min on a slide glass.
Isolated mouse bloods were mixed with 5 pmol NIF-EpCAM ALB or 10 pmol NIF-muc1 ALB for 1 min
at room temperature and were simultaneously added with H33342 (Invitrogen, Eugene, OR, USA) for
nuclei stain. Then, images of cells covered with cover glass were obtained using LSM 710 microscopy
(Carl Zeiss LSM710, Weimer, Germany).
2.7. In Vivo Near-Infrared Fluorescent Imaging of CTC Cells in Panc02-Implanted Mouse
All procedures involving animals, including housing and care, the method by which they were
killed, and experimental protocols, were conducted accordance with a code of practice established
by the Animal Care and Use Committee of Bundang Hospital of Seoul National University, Korea.
This study was approved by the Seoul National University Bundang Hospital Institutional animal Care
and Use Committee (BA1109-091/064-01). Eight-week-old female specific-pathogen-free C57/BL/6J
mice with body weights of 20–22 g were obtained from Oriental Bio (Seongnam, Korea). They were
maintained in plastic cages with sterilized paper bedding in a clean, air-conditioned room at 22 ± 2 ◦ C.
They are allowed to adapt to the new surrounding for 7 days with free access to a standard laboratory
diet and water. The mice were caged in groups of 10 with free access to water. In the control group
(n = 10), mice were anesthetized 4 weeks after Panc02 cell injection into the pancreatic tail. In the
second group (n = 10), during 2 weeks after tumor injection, a suspension of 50 µg/kg of caerulein in
PBS was injected intraperitoneally, then the mice were anesthetized 2 weeks after caerulein injection.
In the normal group (n = 10, N group), the mice received no injection of cancer cells or caerulein.
Anesthetized mice were imaged for NIRF fluorescence using a Peltier cooled charged-coupled device
camera (Night OWL LB 983; Berthold Technologies, Bad Wildbad, Germany) to assess CTC existence
at weeks 2 post-inoculation. The excitation source is a ring light used for illumination, mounted 12 cm
above the mice. Filters of 671 nm and 707 nm were used to assess excitation and emission signals
respectively. Using the WinLight 32 software (Berthold Technologies, Berthold, ND, USA), fluorescent
signals (expressed in counts/s) from the images was calculated by selecting a rectangular region of
interest around the tumor and integrating the signal of each pixel over the chosen area. To account
for variations in auto-fluorescence over time and between mice, the rectangular region of interest
was placed over an adjacent non-bone area to determine the background signal. This signal was then
subtracted from the CTC signal. The tumor area was calculated using the Winlight32 software and
expressed as mm2 . The threshold of fluorescence emission was set to the level at which non-specific
fluorescent signal was no longer detected in adjacent skin.
2.8. Statistical Analysis
All data are presented as the means ± standard deviation (SD). The significance of difference was
evaluated using Student’s t-test (* p < 0.05 and ** p < 0.005).
3. Results
3.1. Characterization of the QD-EpCAM/muc1 ALB
In this study, a new monitoring method was developed with fluorophore-conjugated aptamer
linked beacon (ALB) and used to image EpCAM or muc1 on the CTCs from the blood of mouse
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Figure 2. Specificity of the QD565-EpCAM ALB to sense EpCAM expression of CTCs in vitro: (A) LAS
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increased in
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fluorescence signal-on
signal-on for muc1 manner (Figure 4A,B). To confirm
confirm that the fluorescence
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signal-on was
wascaused
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byextracellular
extracellularEpCAM,
EpCAM,1 1pmol
pmol
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-EpCAM
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ALB
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signal-on
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-EpCAM
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ALB
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of QD525-muc1 mutant ALB-treated Panc02 cells were further incubated with dose-dependent
caerulein manner. Competitive affinity of the QD565-EpCAM and QD565-EpCAM mutant ALB or muc1
and QD525-muc1 mutant ALB to extracellular Ep-CAM or muc1 expression immediately disappeared
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-EpCAM
the current study similarly consisted of VF-MB system. Therefore, this indicates that the565
565ALB/QD
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Figure 4. Confocal images of CTC existence from the Panc02 cells by the dose-dependent caerulein

Figure 4. Confocal images of CTC existence from the Panc02 cells by the dose-dependent caerulein
treatment after incubated with: EpCAM ALB (QD565, 1 pmol, specifically recognizes EpCAM), muc1treatment after incubated with: EpCAM ALB (QD565 , 1 pmol, specifically recognizes EpCAM),
ALB (QD525-labeled, 2 pmol, specifically recognizes muc1) (A); and EpCAM/muc1 mutant probe
muc1-ALB
(QD -labeled,
-labeled,
2 pmol, specifically recognizes muc1) (A); and EpCAM/muc1 mutant
(QD525/QD565525
2.5 pmol, specifically recognizes EpCAM/muc1, respectively) for 2 h (B). The
probeConfocal
(QD525 /QD
-labeled,
pmol,
specifically recognizes EpCAM/muc1, respectively) for 2 h (B).
565 QD525 and2.5
images
QD
565 were recorded under excitation of 525 and 565 nm, respectively.
The Confocal
QD
QD565
under
excitation
of 525 and 565 ALB
nm, on
respectively.
525 and
The scaleimages
bar in the
CLSM
images
is 15were
μm. recorded
Fluorescence
intensity
of QD-EpCAM/muc1
CTC
The scale
the CLSM images
is 15 µm.
Fluorescence
QD-EpCAM/muc1
ALB on CTC
cells bar
afterina dose-dependent
caerulein.
Data
are displayedintensity
as mean ±ofstandard
deviations of triplicate
samples
(** p < 0.005). P/C:caerulein.
phase contrast.
cells after
a dose-dependent
Data are displayed as mean ± standard deviations of triplicate
samples (** p < 0.005). P/C: phase contrast.
To compare the efficiency of NIF-EpCAM ALB and NIF-muc1 ALB on whole blood, only cy5.5
was conjugated to the 5′-end of the NIF-EpCAM ALB or NIF-muc1 ALB in the EpCAM or muc1
protein instead of QD. Resulting NIF-EpCAM ALB or NIF-muc1 ALB was mixed with mouse blood
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To compare the efficiency of NIF-EpCAM ALB and NIF-muc1 ALB on whole blood, only cy5.5
was conjugated to the 50 -end of the NIF-EpCAM ALB or NIF-muc1 ALB in the EpCAM or muc1
protein instead of QD. Resulting NIF-EpCAM ALB or NIF-muc1 ALB was mixed with mouse blood
samples
from
Panc02-implanted mice in vitro. The result was shown that the fluorescence intensity
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andNIF-EpCAM
Panc02 without
treatment
did not show
the fluorescence
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Moreover,ALB
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selective
binding
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ALBistoefficient
target cells
group). Thus,
the NIF-EpCAM
NIF-muc1
ALBcapability
signal-onofhas
affinity and
for
565 -EpCAM
in
a human
blood
sample
further
confirmed
(Figure 5),
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the feasibility
of5,
using
this
CTC
in mouse
blood
after was
caerulein
treatment
as inducer
of acute
inflammation
(Figure
mouse1,
aptamer
real
blood samples.
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and
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(A)
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Figure 5.
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Confocal microscopy
microscopy imaging
imaging of
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CTC cells
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mixed with
with bloods
bloodsand
andNIF-EpCAM/muc1
NIF-EpCAM/muc1 ALB
ALB
Figure
probes.
Either
5
pmol
NIF-EpCAM
ALB
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NIF-muc1
ALB
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with
isolated-bloods
probes. Either 5 pmol NIF-EpCAM ALB or 10 pmol NIF-muc1 ALB was mixed with isolated-bloods
two weeks
weeks after
after caerulein
caerulein injection
injection in
in Panc02-implanted
Panc02-implanted mice
mice (A).
(A). Fluorescence
Fluorescence signals
signals two
two weeks
weeks
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after
caerulein
treatment
were
significantly
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compared
to
those
of
the
untreated
caerulein
in
after caerulein treatment were significantly enhanced compared to those of the untreated caerulein
Panc02-implanted
group.
Positive
cell
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of
QD-EpCAM/muc1
ALB
on
CTC
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in
bloods
in Panc02-implanted group. Positive cell numbers of QD-EpCAM/muc1 ALB on CTC cells in bloods
after caerulein
caerulein treatment
treatment (B).
(B). Data
Data are
are represented
representedas
asmean
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± standard
after
standard deviations
deviations of
of triplicate
triplicate samples
samples
(** pp << 0.005).
0.005). Quantitative
higher fluorescent
fluorescent positive
positive cells
cells in
in blood
blood with
with the
the
(**
Quantitative positive
positive cells
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showed aa higher
caerulein-treated
Panc02
cells
than
in
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without
caerulein
treatment
(control)
and
normal
mice,**
caerulein-treated Panc02 cells than in mice without caerulein treatment (control) and normal mice,
p<p0.005.
**
< 0.005.

3.5. In Vivo Imaging of Endogenous EpCAM/muc1of CTC during Metastasis of Panc02 Cells
The sensitivity of the NIF-EpCAM ALB was further evaluated in mice that expressed high level
of CTC by caerulein injection. The NIF-EpCAM ALB-intravenous injected mice were implanted with
Panc02 cells and treated with caerulein. Interestingly, the CTC existence was observed with bright
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3.5. In Vivo Imaging of Endogenous EpCAM/muc1of CTC during Metastasis of Panc02 Cells
The sensitivity of the NIF-EpCAM ALB was further evaluated in mice that expressed high level
of CTC by caerulein injection. The NIF-EpCAM ALB-intravenous injected mice were implanted with
Panc02 cells and treated with caerulein. Interestingly, the CTC existence was observed with bright red
fluorescence
signals
right row,
Sensors 2016,
16, 1878with cy5.5 with NIF-EpCAM ALB triggered by caerulein (Figure 6A,
10 of 12
Figure 6B). However, cy5.5 signals were not visualized in the control mice (Figure 6A, left and middle
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NIF-EpCAM ALB.
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that
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fluorescence
signal-on
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visualized in the liver tissue. To confirm that the fluorescence signal-on was related to extracellular
extracellular EpCAM expression, we synthesized another NIF-conjugated mutant EpCAM ALB to
EpCAM expression, we synthesized another NIF-conjugated mutant EpCAM ALB to sense EpCAM
sense EpCAM as a negative control. The EpCAM is not detected in normal mouse liver regions by
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Figure 6. In vivo monitoring of the CTC existence pattern in mice with the NIF-EpCAM ALB

Figure 6. In vivo monitoring of the CTC existence pattern in mice with the NIF-EpCAM ALB
incorporated into Panc02 cells. (A) The NIF-EpCAM ALB injection into mice was performed in the
incorporated
NIF-EpCAM
ALB injection
into
was performed
in
tail vein.into
The Panc02
implantedcells.
trial of(A)
the The
Panc02
injection in pancreatic
tissues, in
themice
mice treated
with
the tailcaerulein
vein. The
trial
ofplaced
the Panc02
injection
in pancreatic
tissues,
in the mice
treated
with
forimplanted
CTC existence,
and
by surgical
implantation.
An enhanced
fluorescence
signal
in
the for
CTC
existence
groupand
(right)
was by
detected
compared
to the group
injected with
phosphate-signal in
caerulein
CTC
existence,
placed
surgical
implantation.
An enhanced
fluorescence
buffered
saline
(PBS)(right)
(left). Fluorescence
images
indicated
that group
CTC cells
of thewith
implanted
Panc02
the CTC
existence
group
was detected
compared
to the
injected
phosphate-buffered
cells in liver had similar observed; (B) Quantitative ROI analysis showed a higher fluorescence
saline (PBS) (left). Fluorescence images indicated that CTC cells of the implanted Panc02 cells in liver
intensity in mice with the caerulein-treated Panc02 cells than in mice without caerulein treatment
had similar observed; (B) Quantitative ROI analysis showed a higher fluorescence intensity in mice
(middle), ** p< 0.005. Dic: differential interference contrast; RFU: relative fluorescence unit.
with the caerulein-treated Panc02 cells than in mice without caerulein treatment (middle), ** p < 0.005.
Dic: differential
interference
RFU: relative
unit.quenching efficiency and the
The functionalities
of contrast;
the NIF-EpCAM
ALB, fluorescence
such as specific
EpCAM specificity, were confirmed in test tubes and in Panc02 cells (Figures 2 and 6). The NIF-
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The functionalities of the NIF-EpCAM ALB, such as specific quenching efficiency and the EpCAM
specificity, were confirmed in test tubes and in Panc02 cells (Figures 2 and 6). The NIF-EpCAM mutant
ALB-treated mice showed no cy5.5 signal due to expression of EpCAM in Panc02-implanted mice by
caerulein injection (Figure 4). These results verified that the signal-on of the NIF-EpCAM ALB was
attributed by specific affinity of extracellular EpCAM expressed on the liver metastasis in the mouse.
To confirm the fluorescence visualization of sensing EpCAM by the NIF-EpCAM ALB in the liver, an
EpCAM ALB-monitoring probe was applied on the mouse. Most EpCAM and muc1 expression was
solely monitored in blood and liver tissues of the Panc02-implanted mice by caerulein stimulation.
These results are similar with many previous studies that have reported the presence of CTC [18].
We also evaluated the binding affinity of EpCAM in the blood samples of Panc02-implanted mice to
confirm the EpCAM specificity of the NIF-EpCAM ALB monitoring probe after caerulein injection.
As a result, EpCAM was detected within each blood samples, consistently with a previous report.
These results suggested that the signal-on of the NIF-EpCAM ALB was performed by specific high
affinity of extracellular EpCAM expressed both in mouse blood and liver tissues.
Bio imaging for CTC is clinically and industrially important because extracellular molecules in
cancer cells have a significant effect on tumor progression and clinical diagnosis. Recent studies of
diagnosis in clinical fields have focused on where these biomarkers are expressed in the CTC and their
functions. However, there are few studies on live CTC bio imaging due to the technical limitations in
the bio imaging of living CTC and in vivo. Since the EpCAM has been reported to be highly expressed
in mouse CTC and important for metastatic progression, the NIF-conjugated EpCAM ALB can be
useful for studying CTC functions in blood. This is the first report showing the noninvasive bio
imaging of CTC existence in a living mouse and we hope that his simple, cost effective, and nontoxic
method can be applied for bio imaging of biomarkers in CTC.
4. Discussion
In summary, we have designed a new monitor method for infinitesimal volumes of CTC-related
proteins in bloods in slow speed and low CTC-detect yield. This assay can also discriminate the
various CTC cells. The deliberated assay provides great potential in monitoring of biomarkers in cells
or tissues and holds valuable information for biomedical research and clinical prognosis. In evidence
to these previously studied methods for CTC monitoring, this assay has high detection specificity
because it performs via detecting the recovered fluorescence signal, which is a result of the specific
target-molecule-binding-triggered conformational change in the designed activatable aptamer beacon
probe. In addition, this method can detect in complicated environments, very squalid conditions and
at infinitesimal volumes.
5. Conclusions/Outlook
This study describes a method of QD-based fluorescence imaging CTC occurrence during
cancer metastasis. For detect EpCAM/muc1 imaging, EpCAM/muc1-targeting oligonucleotides
were linked to QDs. Frame of QDs was confirmed by fluorescence monitoring using exogenous
and extracellular molecules. Imaging of exogenous EpCAM/muc1 expression was performed with
NIF-EpCAM/muc1-ALB by caerulein triggering Panc02-implanted mouse. This QD-based signal-on
technique can successfully be used for in vitro and in vivo monitoring and imaging of exogenous
EpCAM/muc1.
Supplementary Materials: The following are available online at http://www.mdpi.com/1424-8220/16/11/1909/
s1, Figure S1: Schematic illustration of the NIF-EpCAM ALB. Multiple tumor-related proteins on CTC cell surface
based on fluorescence enhancement induced by specific-affinity-triggered conformation alteration of the activated
ALB probes, Figure S2: Gel electrophoresis of EpCAM ALB (lane1), muc-1 (lane2), QD565 -conjugated EpCAM
(lane3) and QD525 -conjugated muc1 (lane4). Each sample was loaded on 1.5% agarose gel with a 100 bp molecular
ladder. The conjugation pattern on gel electrophoresis was evaluated by UV excitation (235/345 nm), Figure S3:
Fluorescence emission spectra of QD-muc1 (black line), QD-EpCAM (red line), and cy5.5-EpCAM (yellow green
line). Excitation: 500 nm, scanning wavelength: 500–800 nm, with a band width of 25 nm, Figure S4: Schematic
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illustration of the design and function of the QD565 -EpCAM ALB secondary structure by mFOLD, Figure S5:
Confocal images of cultured MDA-MB-231, Kato III and HEK-293T cells labeled with the EpCAM/QD565 ALB.
The final concentration of the EpCAM/QD565 ALB was 2 pM. Scale bars indicated 15 µm.
Author Contributions: S.T. Kim and H.S. Han designed the experiments. J.Y. Hwang and J.S. Han performed the
experiments and analyzed the data. S.T. Kim, K. Kim and J.Y. Hwang wrote the paper.
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Škereňová, M.; Mikulová, V.; Čapoun, O.; Zima, T. The characterization of four gene expression analysis in
circulating tumor cells made by Multiplex-PCR from the AdnaTest kit on the lab-on-a-chip Agilent DNA
1000 platform. Biochem. Med. 2016, 26, 103–113. [CrossRef] [PubMed]
Chang, C.L.; Huang, W.; Jalal, S.I.; Chan, B.D.; Mahmood, A.; Shahda, S.; O’Neil, B.H.; Matei, D.E.;
Savran, C.A. Circulating tumor cell detection using a parallel flow micro-aperture chip system. Lab Chip
2015, 15, 1677–1688. [CrossRef] [PubMed]
Zhang, X.; Soori, G.; Dobleman, T.J.; Xiao, G.G. The application of monoclonal antibodies in cancer diagnosis.
Expert Rev. Mol. Diagn. 2014, 14, 97–106. [CrossRef] [PubMed]
Zeng, Z.; Tung, C.H.; Zu, Y. A cancer cell-activatable aptamer-reporter system for one-step assay of circulating
tumor cells. Mol. Ther. Nucleic Acids 2014, 3, e184. [CrossRef] [PubMed]
Freeman, R.; Li, Y.; Tel-Vered, R.; Sharon, E.; Elbaz, J.; Willner, I. Self-assembly of supramolecular aptamer
structures for optical or electrochemical sensing. Analyst 2009, 134, 653–656. [CrossRef] [PubMed]
Viraka Nellore, B.P.; Kanchanapally, R.; Pramanik, A.; Sinha, S.S.; Chavva, S.R.; Hamme, A.; Ray, P.C.
Aptamer-conjugated graphene oxide membranes for highly efficient capture and accurate identification of
multiple types of circulating tumor cells. Bioconjug. Chem. 2015, 26, 235–242. [CrossRef] [PubMed]
Khoja, L.; Backen, A.; Sloane, R. A pilot study to explore circulating tumour cells in pancreatic cancer as a
novel biomarker. Br. J. Cancer 2011, 106, 508–516. [CrossRef] [PubMed]
Steinberg, W. The clinical utility of the CA 19–9 tumor-associated antigen. Am. J. Gastroenterol. 1990, 85,
350–355. [PubMed]
De Albuquerque, A.; Kubisch, I.; Breier, G. Multimarker gene analysis of circulating tumor cells in pancreatic
cancer patients: A feasibility study. Oncology 2012, 82, 3–10. [CrossRef] [PubMed]
Maremanda, N.G.; Roy, K.; Kanwar, R.K.; Shyamsundar, V.; Ramshankar, V.; Krishnamurthy, A.;
Krishnakumar, S.; Kanwar, J.R. Quick chip assay using locked nucleic acid modified epithelial cell adhesion
molecule and nucleolin aptamers for the capture of circulating tumor cells. Biomicrofluidics 2015, 29, 054110.
[CrossRef] [PubMed]
Shigdar, S.; Lin, J.; Yu, Y.; Pastuovic, M.; Wei, M.; Duan, W. RNA aptamer against a cancer stem cell marker
epithelial cell adhesion molecule. Cancer Sci. 2011, 102, 991–998. [CrossRef] [PubMed]

Sensors 2016, 16, 1909

19.

20.
21.

22.

23.

13 of 13

Xu, J.; Li, M.; Huang, H.; Zhou, J.; Abdel-Halimb, S.; Zhang, J.R.; Zhu, J.J. Aptamer-quantum dots
conjugates-based ultrasensitive competitive electrochemical cytosensor for the detection of tumor cell.
Talanta 2011, 85, 2113–2120.
Hu, Y.; Duan, J.; Zhan, Q.; Wang, F.; Lu, X.; Yang, X.-D. Novel MUC1 Aptamer Selectively Delivers Cytotoxic
Agent to Cancer Cells In Vitro. PLoS ONE 2012, 7, e31970. [CrossRef] [PubMed]
Song, Y.; Zhu, Z.; An, Y.; Zhang, W.; Zhang, H.; Liu, D.; Yu, C.; Duan, W.; Yang, C.J. Selection of DNA
aptamers against epithelial cell adhesion molecule for cancer cell imaging and circulating tumor cell capture.
Anal. Chem. 2013, 85, 4141–4149. [CrossRef] [PubMed]
Osta, W.A.; Chen, Y.; Mikhitarian, K.; Mitas, M.; Salem, M.; Hannun, Y.A.; Cole, D.J.; Gillanders, W.E.
EpCAM is overexpressed in breast cancer and is a potential target for breast cancer gene therapy. Cancer Res.
2004, 64, 5818–5824. [CrossRef] [PubMed]
Joo, J.Y.; Lee, J.; Ko, H.Y.; Lee, Y.S.; Lim, D.H.; Kim, E.Y.; Cho, S.; Hong, K.S.; Ko, J.J.; Lee, S.; et al.
Microinjection free delivery of miRNA inhibitor into zygotes. Sci. Rep. 2014, 4, 5417. [CrossRef] [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

