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Abstract: Circulating tumor cells (CTCs) are rare cells that have shed into the bloodstream from primary tumor, and
potentiallyprovidea tool for the better understanding of tumor metastasis and noninvasive monitoring of the disease
progression. However their isolation and characterization has been a major technological challenge due to their rareness. Here,
we suggest the CTC culture as an effective method to obtain CTCs sufficient in numberfor molecular analysis of original
tumor characteristics. We isolated and successfully cultured the CTCs from four lung cancer patients, and then analyzed those
cells for ALK (anaplastic lymphoma kinase) fusion using real-time PCR method, and confirmed that the cultured CTCs have
retained thefusion the same as those found in primary tumors. These results suggest that the isolation and culture of CTCs can
be a substitutive method for tumor tissue biopsy, and may provide practically useful clinical applications, such as personalized
cancer therapy based on their genomic information through serial blood samplings from the cancer patients.
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1. Introduction
Circulating tumor cells (CTCs) are present in the blood of
cancer patients at extremely low concentrations. It has been
proposed that CTCs may be a prognostic marker for cancer
progression and survival in several types of cancer [1, 2] and
a potential source of the metastatic tumor cells [3, 4]. Viable
CTCs isolated from cancer patients can be a useful tool for
identifying molecular targets and developing new cancer
treatments, especially for the patients at the stage of disease
progression [5]. However, the isolation and characterization
of CTCs is technically challenging due to their rareness and
heterogeneity [6].
Lung adenocarcinoma is the most common subtype of lung
cancer today. Recently, the treatment paradigm for advanced
non-small cell lung cancer (NSCLC) has been transformed
from conventional chemotherapy to targeted therapy based
on molecular aberrations in primary tumor [7]. Now, it has
been regarded as a standard procedure to test lung tumor for
the presence of EGFR mutation and ALK rearrangement upon
diagnosis in order to select patients for the targeted therapy

using EGFRtyrosine kinase inhibitor (TKI)and ALK inhibitor.
However, detection of such molecular abnormalitiesin tumor
cells during the course of therapy is hampered due to the
difficulty in obtaining tumor cells from repeated tissue
biopsies [8]. For this reason, we explore whether CTCs can
be expanded through in vitro culture, and the cultured CTCs
retain the same molecular characteristic as those of primary
tumor. Here, we present evidence that CTC culture could
generate sufficient amount of CTCs and their molecular
analysisproves to retain the molecular abnormality in the
primary tumor, which implies that CTC culture can be a
substitutive method for tumor tissue biopsy.

2. Materials and Methods
2.1. Blood Collection
Blood samples (5-10 ml) were collected from advanced
NSCLC cancer patients by venipuncture at Seoul National
University Hospital, and transferred to Cytogen laboratory in
less than 4 hours. Written informed consent was obtained
from all patients, with prior approval from the IRB of Seoul
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National University College of Medicine.
2.2. Primary Culture of CTCs
Whole blood was processed to enrich the CTCs, described
previously [9].Enriched CTCs were collected and washed

with RPMI-1640 medium. Cells were cultured in 60 mm
plates containing growth medium (RPMI-1640 mediumwith
10% FBS, 2% Streptomycin, Penicillin, AmphotericinB) at
37°C, 5% CO2for 16-18 days.
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Figure1. Representative images of cultured CTCs at day 0, 4, 7, and 16 (X400).
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Figure 2. Immunofluorescent staining for EpCAM (green), CD45 (red), and nuclei (blue) (X400).

2.3. Immunofluorescence Analysis
Cells were fixed with 4% formaldehyde for 5 minutes at

room temperature and permeabilized for 10 minutes with 0.2%
Triton X-100 in PBS. Cells were quenched for 1 hour with
0.3% hydrogen peroxide, blocked with 1% BSA in PBS for 1
hour, and incubated with primary antibodies followed by

Cancer Research Journal 2015; 3(1): 11-16

secondary antibody incubation. Primary antibodies were
mouse anti-EpCAM (Cell Signaling) and rabbit anti-CD45
(Santa Cruz). EpCAM signals were amplified with Tyramide
Signal Amplification System (Life Technologies) according
to the manufacturer’s protocol. Secondary antibody for CD45
was goat anti-rabbit Alexa 594 (Invitrogen). Nuclei were
stained with DAPI and the slides were mounted with
Fluoroshield (ImmunoBioscience). Stained cells were
observed and photographed on Nikon fluorescent microscope
(Eclipse Ti) with X400 objective.

a
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(Applied Biosystems) using AmoyDx EML4-ALK Fusion
Gene Diagnostic Kit (AmoyDiagnostics Company Ltd.).βActin was used as an internal control. RNA from MCF-7
cells was included as negative control, and RNAs from
H3122 cells (variant 1) and H2228 (variant 3) as positive
controls. C(t) values below 30 cycles were determined as
positive values.
2.6. FISH for ALK Rearrangement
FISH was performed on tumor tissue sections using the
ALK break-apart probe set (Vysis ALK FISH break-apart kit;
Abbott Molecular), following the manufacturer's
instructions [10]. Fused signals (adjacent green and red
signals) were classified as normal, whereas split signals and
single signals were classified as abnormal. For each patient,
at least 50 tumor nuclei were scored. ALK FISH-positive
cases were defined as more than 15% of break-apart (BA)
signals or an isolated signal in tumor cells.

3. Results
b

3.1. CTC Cultures
Being blinded about the presence of ALK arrangement in
the patient sample to avoid any bias, we cultured CTCs from
4 lung cancer patients to obtain a sufficient number of CTCs
for molecular analysis. Even though minor portion of CTCs
was attached to the bottom of culture plates,proliferative
CTCs formed spheres from day 4 (Fig. 1),and were allowed
to expand for the rest of culture process.
3.2. CTC Characterization

Figure 3. H&E staining (a) and immunocytochemical staining for EpCAM
(b) of cultured CTCs

2.4. Immunocytochemistry
Cells were fixed with 4% formaldehyde for 5 minutes at
room temperature, and incubated with 0.3% peroxide for 20
minutes to block endogenous peroxidase activity. Cells were
then permeabilized with 0.2% Triton X-100 in PBS for 10
minutes, and blocked for 1 hour with 5% normal goat serum
in PBS. Samples were incubated with primary antibody
against EpCAM (Cell Signaling) for 1 hour at room
temperature, and then with HRP anti-mouse antibody
(EnVsion+ DAKO) for 30 minutes. Peroxidase reaction was
performed with 3, 3’-diaminobenzidine (DAB) (EnVsion+
DAKO) for 10 minutes. Cells were counterstained with
Mayer’s Hematoxylin for 10 seconds.
2.5. Quantitative real-time PCR for EML4-ALK Fusion
Detection
Total RNAs were isolated using QiagenRNeasy Mini kit
according to the manufacturer’s protocol. cDNAs were
generated using oligo(dT) primers and SuperScript III
(Invitrogen). Quantitative PCR was performed in 20 µl
reaction on ABI PRISM 7500 FAST Real-time PCR System

After 16-18 days of culture, we characterized the
cytological features of CTCs with immunofluorescent (IF)
staining for EpCAM asan epithelial cell marker (Fig. 2), and
CD45 as a leukocyte marker. About 30 % of the cells were
EpCAM positive andCD45 negative and small portion
(~10%) of cells double positive for EpCAM and CD45.
However the majority of double positive cells were large in
size, implying that these cells may possibly be CTCs. To
confirm this IF finding, aliquots of those cells were
immunocytochemically(ICC)
stained
for
EpCAM.
Surprisingly, more cells (40 ~50%) were found EpCAM
positive (Fig. 3).
3.3. Comparison of ALK Rearrangement in Cultured CTCs
with that in Tumor Tissues
To investigate whether cultured CTCs retain molecular
characteristics similar to those of primary tumors, cultured
CTCs were analyzed for ALK rearrangement by real-time
PCR, and compared with FISH result from tumor tissues.
Three of 4 lung cancer patients’ cultured CTCs (LC-01, 02,
10) were validated for ALK rearrangement as in primary
tumor tissue FISH (Fig. 4). The other sample (LC-09), which
was originally fusion negative in the primary tumor tissue
FISH, did not show positive Ct value in real-time PCR
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analysis (Fig. 5 and Table 1).

Figure 4. FISH (Fluorescence in situ hybridization) analysis for the detection of ALK rearrangement in lung cancer patient’s tissue. Separate red and green
signals (arrows) and isolated red signals (arrow heads) were observed.

Figure 5. Real-time PCR analysis of cultured CTCs showing positive result (LC01, LC02, LC10) for EML4-ALK transcript.
Table 1. Comparative analysis of ALK rearrangement between NSCLC patients’primary tumors and cultured CTCs.
Sample
LC-01
LC-02
LC-09
LC-10

TissueFISH for ALK rearrangement
+
+
+

4. Discussion
We have shown the successful culture of CTCs from lung
cancer patients, which can be used for the genomic analysis
of tumor cells undergoing metastasis, and the subsequent
personalized cancer therapy based upon the genomic
information. We observed that the majority of CTCs
formednon-adherent spheres, with minor portion as adherent
CTCs during the culture process. This observation
wasconsistent with the Yu et al.’s report of CTC cultures
from breast cancer patients [11]. However, Zhang et al.
reported the adherent CTC cultures from breast cancer
patients, different from our observations [12]. We observed
that about 30% of cultured CTC were EpCAM positive and
CD45 negative, indicating that still large portion of cultured
cells may not be CTCs. But, recent reports demonstrated that

Cultured CTCqPCR for EML4-ALK
+
+
+

disseminated CTCs from the primary tumor frequently
undergo the epithelial-to-mesenchymal transition (EMT)
during the process of intravasation[13, 14].Others reported
that the majority (>80%) of CTCs in patients with metastatic
tumors co-expressed epithelial markers such as EpCAM,
cytokeratins, and E-cadherin, as well as mesenchymal
markers including vimentin, N-cadherin and Ocadherin[15].Therefore, double positive (EpCAM+CD45+)
or double negative (EpCAM-CD45-) cells in our study
cannot be excluded simply as non-CTCs.
ALK rearrangement defines a unique molecular subset in
about 7% of NSCLC patients [16]. ALK rearrangement
involves the anaplastic lymphoma kinase (ALK) gene and,
most often, the echinoderm microtubule-associated proteinlike 4 (EML4) [17, 18]. Several different variants of EML4ALK have been described to have different EML4 breakpoints.
However, all fusion variants result in gain of function, which
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constitutively activates fusion proteins with potent
transforming activity.
Detection of ALK fusion in NSCLC is now performed in
routine clinical practice. The diagnosis of ALK rearrangement
can be performed by FISH, which is considered as the gold
standard, immunohistochemistry (IHC), or reverse
transcriptase-polymerase chain reaction (RT-PCR) on these
tumor samples. Wang et al. [19] recently reported that FISH
was concordant in 98% of cases with IHC results, and
concordant with RT-PCR results in 89%.
In our study, we showed that real-time PCR results in four
independently cultured CTCs were compatible with the FISH
results in their corresponding primary tumor tissue FISH.
From this study, we conclude that we successfullycultured
CTCs, which were confirmed to retain the same ALK
rearrangement as found in the primary tumor tissue. We also
demonstrated that real-time PCR can be successfully
employed in the cultured CTCs instead of cell block FISH.
Tumor tissue biopsies may not be an option when serial
biopsies are needed for profiling genetic aberrations
associated with the development of drug resistance[8]. On
the other hand, cultured CTCs from a cancer patients’
bloodcan provide us a sufficient number of cells noninvasively, and serial samplings can be madeat different timepoints during treatment to guide therapeutic decisions in a
patient’s treatment course.For successful application of this
strategy to clinical practice, CTC culture conditions should
be further optimized. In addition, further confirmative
characterization methods, such as different cell marker
staining and molecular profiling is desirable for precise
identification of cultured CTCs.
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