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The presence of circulating tumor cells (CTCs) in the peripheral blood is associated with short survival, mak-
ing the detection of CTCs clinically useful as a prognostic factor of disease outcome and/or a surrogate marker
of treatment response. Recent technical advances in immunocytometric analysis and quantitative real-time
PCR have made it possible to detect a few CTCs in the blood; however, there is no sensitive assay to specifically
detect viable CTCs. Here, we report what we believe to be a new approach to visually detect live human CTCs
among millions of peripheral blood leukocytes, using a telomerase-specific replication-selective adenovirus
expressing GFP. First, we constructed a GFP-expressing attenuated adenovirus, in which the telomerase pro-
moter regulates viral replication (OBP-401; TelomeScan). We then used OBP-401 to establish a simple ex vivo
method that was able to detect viable human CTCs in the peripheral blood. The detection method involved
a 3-step procedure, including the lysis of rbc, the subsequent addition of OBP-401 to the cell pellets, and an
automated scan using fluorescence microscopy. OBP-401 infection increased the signal-to-background ratio
as a tumor-specific probe, because the fluorescent signal was amplified only in viable, infected human tumor
cells, by viral replication. This GFP-expressing virus-based method is remarkably simple and allows precise

enumeration of CTCs.

Introduction

Determination of the extent of the disease is the most important
factor in predicting the clinical outcome in cancer patients. Pri-
mary cancers have been known to shed tumor cells into the blood
circulation, which represents the route for systemic tumor cell
dissemination (1, 2). Indeed, the presence of circulating tumor
cells (CTCs) in the peripheral blood is associated with short sur-
vival, and therefore the detection of CTCs is clinically useful as a
prognostic factor of disease outcome and/or as a surrogate mark-
er of treatment response (3, 4). Technical advances in immuno-
cytometric analysis and quantitative real-time PCR have made it
possible to detect a few CTCs in the blood; however, background
expression of cancer-associated antigens, such as cytokeratin 8
(CK-8), CK-18, and CK-19, in normal epithelial cells results in the
false-positive detection, and PCR-based methods can not permit
analysis of cell morphology. Moreover, there is no sensitive assay
for detecting viable CTCs.

The GFP, which was originally identified from the jellyfish Aequo-
rea victoria, is an attractive molecular marker for imaging in live
tissues because of the relatively noninvasive nature of fluorescent
(5-8). It has been reported that hormone-refractory human pros-
tate carcinoma, growing orthotopically in nude mice, efficiently
deliver viable tumor cells in the host circulation, which could
be detectable using the fluorescence microscopy, when marked
by GFP expression (9). In addition, isolated rare CTCs showed
an increased metastatic propensity. We reported previously that
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intratumoral injection of telomerase-specific replication-selective
adenovirus expressing the gfp gene (OBP-401; TelomeScan) causes
viral spread into the regional lymphatics, with subsequent selec-
tive replication in neoplastic lesions, resulting in GFP expression
in metastatic lymph nodes in n#/nu mice (10). The present study
extended our previous work, by developing what we believe to be
a novel and simple strategy to selectively label human CTCs with
fluorescence among millions of peripheral blood leukocytes. The
detection method involves 3-steps: the lysis of rbc, the subsequent
addition of OBP-401 to the cell pellets, and the automated scan
under the fluorescence microscope. This method allows precise
enumeration of human CTCs, because OBP-401 can replicate and
express GFP fluorescence only in viable tumor cells.

Results
Selective GEP expression in human cancer cells in vitro by OBP-401.
OBP-401 (TelomeScan) was constructed by inserting the gfp gene
under the control of the CMV promoter at the deleted E3 region
of the telomerase-specific replication-selective type S adenovirus
OBP-301 (Telomelysin) (11, 12) (Figure 1). To determine whether
telomerase activity is associated with selective GFP expression in
different cancer cell lines, we measured human telomerase reverse
transcriptase ("TERT) mRNA and GFP expression using quantita-
tive real-time RT-PCR analysis and fluorescence microplate reader,
respectively. The PTERT expression was directly proportional to the
fluorescence intensity, and regression analysis confirmed a strong
correlation between these numbers (r2 > 0.94) (Figure 1B). H1299
human non-small cell lung cancer cells expressed bright GFP fluo-
rescence as early as 12 hours after OBP-401 infection, and a posi-
tive signal for GFP was detected in all cells at 48 hours after infec-
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Figure 1

Schematic DNA structure of OBP-401 and
selective replication of OBP-401 in human
cancer cells. (A) OBP-401 is a telomerase-
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tion (Figure 1C and Supplemental Video 1; supplemental material
available online with this article; doi:10.1172/JCI38609DS1). OBP-
401 infection also induced GFP expression in other neoplastic cells
such as human sarcoma cell lines within 24 hours after infection

(Supplemental Figure 1 and Supplemental Video 2). In parallel
experiments, OBP-401 infection induced dose-dependent GFP
expression in a variety of human cancer cell lines that originated
from different organs (Supplemental Figure 2).

Measurement of viable CTCs with OBP-401 in the blood. We used
OBP-401 to establish a simple ex vivo method for detecting viable
human CTCs in the peripheral blood. As illustrated in Figure 2A,
the method involves a 3-step procedure, including the lysis of rbc
in 5-ml aliquots of whole blood samples, subsequent addition
of 10* PFUs of OBP-401 to the cell pellets, and the deposition of
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variant, in which the hTERT promoter element
drives expression of the ETA and E1B genes
linked with an IRES, and the gfp gene is insert-
ed under the CMV promoter into the E3 region
for monitoring viral replication. hTERT-p,
hTERT promoter; Ad-E1A, adenoviral E1A;
Ad-E1B, adenoviral E1B; CMV-p, CMV pro-
moter; poly-A, polyadenylation signal; ITR,
inverted terminal repeat. (B) Relationship
between hTERT expression and GFP fluo-
rescence. Relative hTERT mRNA expression
and GFP fluorescence in human tumor cell
lines were determined by real-time RT-PCR
analysis and fluorescence microplate read-
er, respectively. The relative hTERT mRNA
expression ratios normalized by dividing the
value of H1299 cells are presented for each
sample. Relative GFP fluorescence was mea-
sured 48 hours after OBP-401 infection at an
MOI of 10. (C) Time-lapse images of H1299
human lung cancer cells were recorded for 48
hours after OBP-401 infection at an MOI of 10.
Selected images taken at the indicated time
points show cell morphology by phase-con-
trast microscopy (top panels) and GFP expres-
sion under fluorescence microscopy (bottom
panels). Original magnification, x200.

I specific replication-competent adenovirus

ITR

cells on polylysine-coated slides, followed by automated scanning
under a fluorescence microscope. OBP-401 infection increases the
signal-to-background ratio as a tumor-specific probe, because the
fluorescent signal can be amplified only in tumor cells by telom-
erase-specific viral replication. The automated optical scan system
provides high speed and accuracy of slide movement in all x, y, and
z directions for the acquisition of a large number of high-resolu-
tion segmented tile images, at a magnification of x100 for each
tile (Figure 2B). Each optical field is focused automatically before
image acquisition. The captured segmented tile images are auto-
matically combined to construct a large image, with a total area
of 20 x 20 mm. Since each tile segment can be magnified without
the loss of high resolution, OBP-401-infected human tumor cells
could be easily visualized with GFP signals in blood smears (Figure
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A simple method to detect telomerase-positive cells in the blood. (A) Steps in the sample preparation for GFP fluorescence detection. Blood
samples (5-ml samples) are collected in heparinized tubes and incubated with rbc lysis buffer containing ammonium chloride (NH.CI) for 15
minutes. After centrifugation, cell pellets are mixed with 104 PFUs of OBP-401 and incubated at room temperature for another 24 hours. Cells are
resuspended in 15 ul of PBS following centrifugation and then placed onto the slide under a coverslip. (B) System for automated fluorescence
molecular imaging. The automated optical scan system serially captures segmented tile images in the area of the coverslip under fluorescence
microscopy. (C) A high-resolution large view of the reconstructed tile images. The zoomed image allows easy visualization of GFP-expressing
cells among millions of blood leukocytes. Original magnification, x40 (left panels); x100 (middle panels); x400 (right panels).

2C). This automated microscopic scan system allows us to obtain
high-magnification images with a large field of view.

Accuracy of CTC detection by ex vivo OBP-401 infection. To test the
efficacy and accuracy of the system, whole blood samples from
healthy donors were spiked with variable numbers of H1299
human lung cancer cells and then analyzed. Representative images
of each sample are shown in Figure 3A. H1299 cells could be dis-
tinguished from the other blood cells even at lower magnification.
The recovery of tumor cells was consistent over a target frequency
range, between 10 and 1,000 cells spiked into 5 ml of blood from
normal donors. Regression analysis of the number of GFP-posi-
tive cells versus the number of expected tumor cells yielded a cor-
relation coefficient of 72 = 0.9996 (Figure 3B). Thus, the number
of GFP-positive cells reflects the actual peripheral blood tumor
cell load. We also performed immunohistochemical analysis with
anti-human CK-7/8 antibody to ensure that the cells labeled with
GFP signals were indeed tumor cells. We used CK-7/8 as a marker
for tumor cell detection, as H1299 cells were completely negative
for CK-19 (Supplemental Figure 3). The automated microscopic
scan system permits repeated scanning of the same fields repeat-
edly by a 2-dimensional line scanning technology. Merged images
3174
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of fluorescent detection and CK-7/8 immunostaining confirmed
that H1299 human lung cancer cells stably transfected with the
2fp gene were CK-7/8 positive in the blood smear (Supplemental
Figure 3). By using this dual imaging method, we confirmed that
the GFP-positive cells were CK-7/8 positive following 24-hour
exposure to OBP-401 and were distinguishable from other blood
cells (Figure 3C). GFP-expressing cells were also morphologically
classified as tumor cells (data not shown).

Comparative analysis of CTC detection by OBP-401, real-time RT-PCR,
and flow cytometry. To compare the GFP-based CTC detection
and other existing methods, blood samples spiked with variable
numbers of H1299 cells were also analyzed. We performed real-
time RT-PCR analysis with primers targeting the hYTERT gene,
as OBP-401-mediated GFP expression reflects the telomerase
activity (Figure 1B). The number of GFP-positive cells was pro-
portional to the increasing number of H1299 cells, between 10
and 1,000 cells in 5 ml of blood after ex vivo OBP-401 infection
(Figure 3B); a significant increase in amplification, however, could
not be observed even with 2,000 tumor cells in 1 ml of blood by
real-time RT-PCR (Figure 4A), suggesting that the detected hTERT
mRNA levels might be the background expression. In addition, a
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Selective visualization of human cancer cells by OBP-401. (A) Phase-contrast and fluorescent images of peripheral blood cells mixed with
H1299 human lung cancer cells. Variable numbers of H1299 cells were spiked into 5 ml of whole blood samples from healthy donors and then
immediately analyzed for GFP expression. Original magnification, x100. (B) Efficiency of labeling tumor cells added to whole human blood with
OBP-401. The number of tumor cells spiked into whole blood versus the number of GFP-expressing cells is plotted. Each value represents the
mean + SD. (C) Immunohistochemical staining of GFP-expressing cells for CK-7/8. The blood samples mixed with H1299 cells were analyzed
for GFP expression, fixed with 2% glutaraldehyde, and then stained with rhodamine-labeled anti-CK-7/8 antibody. Overlap of green (GFP) and
red (CK-7/8) fluorescence was displayed as yellow fluorescence. Original magnification, x600.

quantitative RT-PCR assay could not detect CK7 mRNA expres-
sion in all samples tested (Figure 4B), although H1299 cells were
positive for CK-7/8 (Supplemental Figure 4). We also used flow
cytometry to detect H1299 tumor cells in the blood; however, the
number of GFP-positive cells following ex vivo OBP-401 infection
was much lower than expected (Supplemental Figure 4 and Figure
4C). These results suggest that enrichment of tumor cells or deple-
tion of unwanted cells is necessary for CTC detection by real-time
RT-PCR and flow cytometry.

Viable CTCs detected with OBP-401 in patients with various cancers. To
examine whether CTCs from cancer patients can be labeled with
GFP signals by OBP-401 replication to permit their detection in
whole blood, we analyzed fresh blood samples collected from 37
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patients with histologically confirmed gastric cancer and 9 patients
with other malignancies, including colon cancer, hepatocellular
carcinoma (HCC), breast cancer, and non-small cell lung cancer.
Although the CTC level varied widely, ranging from 0 to 47 cells in
S-ml samples, 26 gastric cancer patients (70.3%) had more than 1
CTGC; there was, however, no apparent relationship between CTC
counts and TNM stages (Figure SA, Table 1, and Supplemental
Table 1). CTCs were also identified in samples from 6 of 9 (66.7%)
patients with other cancers. The number of CTCs that were iso-
lated ranged from 0 to 56 cells per 5S-ml sample (Figure 5B, Table 1,
and Supplemental Table 2).

To confirm the infectivity of OBP-401 to tumor cells at the pri-
mary sites, we applied this assay to single-cell suspensions isolated
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flow cytometry. (A and B) Variable numbers of H1299 cells spiked into

1 ml of whole blood samples from healthy donors were prepared. The relative expression of h”TERT (A) and CK7 (B) mRNA was determined
by real-time RT-PCR analysis. The amount of hTERT and CK7 mRNA was normalized with data from the real-time amplification of the GAPDH
housekeeping gene. The blood without H1299 cells was used as a negative control, and H1299 cells without the blood were used as a positive
control. (C) Flow-cytometric enumeration of variable numbers of H1299 cells mixed in 1 ml of blood samples. After the lysis of rbc, blood samples
were infected with 104 PFUs of OBP-401 for 24 hours, and then subjected to flow-cytometric analysis. The numbers above the bars indicate the
actual numbers of GFP-positive cells. Each value represents the mean + SD of triplicate experiments.

from surgically removed primary tumors. A gallery of cellular imag-
es showed sufficient GFP expression in tumor cells obtained from
gastric and colon cancer patients, following OBP-401 infection at
a MOI of 100 (Figure 6). The size and morphology of GFP-labeled
cells isolated from primary tumors were consistent with those of
CTCs detected in the peripheral blood of the same patients.

We further assessed the CTC dynamics in patients who were
undergoing chemotherapy or surgery, to demonstrate the clinical
potential of our approach for monitoring treatment responses.
The results from a representative patient with advanced stage
IV gastric cancer (case 1) are shown in Figure 7A. A 5-ml blood
sample contained 6 CTCs before treatment. Fourteen days after
the initiation of systemic chemotherapy, 7 CTCs were detected
in the peripheral blood; the patient, however, had no CTCs after
2 cycles of chemotherapy. A patient who had a recurrence of gastric
cancer in the regional lymph nodes (case 10) had decreased CTC
counts after a cycle of chemotherapy (Figure 7B). Elimination or
reduction of CTCs correlated well with a decrease in the levels of
tumor markers such as CEA, CA19-9, and CA12S. In contrast, the
number of CTCs gradually increased in an advanced gastric cancer
patient (case 25) who developed retroperitoneal tumor invasion
despite chemotherapy (data not shown). As this patient showed
no elevated levels of tumor markers, the kinetic of CTC numbers
would enable a faster prediction of the treatment response than
3176
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that of other radiographic imaging methods. In the 4 patients
who underwent surgery (gastric cancer, cases 5 and 9; colon can-
cer, cases 3 and 4), the CTC level dropped 4 weeks after complete
resection (Figure 7, C and D). These results suggest that enumera-
tion of CTCs might be useful for monitoring the efficacy of local
and systemic treatments.

Discussion
Early and accurate evaluation of therapeutic efficacy is the hall-
mark of successful cancer treatment. We have described a simple
method, without any complicated processing steps, for detecting
viable human CTCs in the peripheral blood, by using telomerase-
specific GFP-expressing adenovirus. Viable CTCs may be a less-
invasive, repeatable biomarker for monitoring tumor responses
against various types of therapies, although its clinical significance
is still debatable. In our pilot study, reported herein, serial blood
sampling demonstrated that surgical removal of primary tumors
was associated with decreased CTC counts. Thus, quantitative
detection of CTCs can be also a substantial surrogate marker for
treatment efficacy in candidates for chemotherapy.

The technical platform of CTC enumeration has improved rapidly
(13). PCR-based techniques, which are commonly used to detect
CTCs (14, 15), can detect dead tumor cells and cell-free circulating
DNA or RNA, which may result in overestimation of the neoplastic
Volume 119
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state. In addition, our data demonstrated that neither quantitative
RT-PCR for hTERT mRNA nor that for CK7 mRNA could identify
as many as 2,000 human tumor cells per 1 ml of blood without
enrichment. Recently, Diehl et al. have reported that circulating
tumor DNA is useful as a measure of tumor dynamics and that
it can be beneficial for monitoring many types of human cancer
(16). Although the system has the ability to quantify the level of
circulating DNA and the sufficient sensitivity to detect very small
amount of nucleic acids, it requires the identification of a somatic
mutation in the individual tumor by sequencing of DNA. Our
GFP-based fluorescence imaging can allow simple detection of tar-
get cancer cells, without any time-consuming steps, and it seems to
be much more reliable and sensitive.

To date, various approaches have been also used to visually
identify CTCs; however, the techniques employed to perform cell
enrichment, immunohistochemical detection, and image analysis
are complicated (17-19). Moreover, epithelial markers are currently
used to detect CTCs; tumor cells, however, may lose their epithelial
features during metastasis/dissemination or may not express these
markers because of their heterogeneity (20). Indeed, the human
non-small cell lung cancer cells that we used lack CK-19 expres-
sion, which is the marker most extensively studied for the detec-
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Figure 5

Enumeration of CTC in patients with gastric cancer and other malig-
nancies. (A) CTC counts in 5-ml blood samples from 37 patients with
gastric cancer. Patient characteristics are summarized in Supplemen-
tal Table 1. (B) The frequency of CTCs in 5-ml blood samples obtained
from patients of various types of cancer.

tion of CTCs. The mechanism by which epithelial cells acquire the
motile properties is epithelial-to-mesenchymal transition (EMT),
a process that is currently popular for investigators of the onset
of cancer cell migration, invasion, and metastatic dissemination
(21,22). EMT also promotes cytoskeletal rearrangement in tumor
cells, which results in the downregulation of epithelial markers
and upregulation of mesenchymal markers (22, 23). Nagrath et al.
developed a unique microfluidic platform (CTC-chip) for CTC sep-
aration by using anti-epithelial cell adhesion molecule (EpCAM)
antibody, and they demonstrated sensitive real-time monitoring of
responses to cancer therapy with this technology (24); the loss of
EpCAM expression, however, has been reported in metastatic and
drug-resistant cancer cells (25). The multimarker assay may show
slightly increased sensitivity for CTC detection over the single-
marker method (26, 27); the procedures, however, are complicated.
In contrast, telomerase is activated in most human cancers and
is known to be associated with their malignant properties (28).
Recent studies have reported that EMT can produce the cancer
stem cell phenotype (29, 30). Since telomerase activity is one of
the stem-cell properties (31), our system may be capable of detect-
ing circulating cancer stem cells, even with EMT features, such as
the loss and/or redistribution of the epithelial markers, that are
October 2009 3177
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Table 1
CTC numbers classified by disease stage (as defined by the TNM classification
system) and type
Cancer  Stage GFP-positive cells (per 5 ml)
0 1-5 6-10 11-20 21-30
Gastric | 5 5 2
Gastric Il 4 2
Gastric 1 3 2 1
Gastric \Y 3 4 1 2 1
Colon | 1
Colon Il
Colon 1 1 1
Colon v 1
HCC Il 1
HCC 11 1
Breast \% 1
Lung | 1

responsible for metastasis. Moreover, as GFP-positive cells could
be collected by flow-cytometric sorting (32), this technology might
be applicable for molecular analysis of CTCs.

One of the crucial features that we believe to be unique of our
approach is to use the virus with the self-proliferation potency.
Although adenovirus-mediated transduction of the reporter genes
into target cells is a common strategy in basic research, to the best
of our knowledge, this is the first demonstration of ex vivo visu-
alization of live CTCs, with a genetically engineered adenoviral
agent, combined with an automated optical scan system for clini-
cal studies. Infection efficiency of the adenoviral agent, which is
derived from human adenovirus serotype S, varies widely depend-
ing on the expression of Coxsackie-adenovirus receptor (CAR)
(33). This might be one of the potential advantages of our system,
because most of human hematopoietic cells are almost refrac-
tory to transduction by adenovirus vectors, due to the lack of
CAR for virus binding (34). Therefore, when OBP-401 is used to
detect CTCs in the peripheral blood, OBP-401 infection is limited
in hematopoietic cells, including leukocytes. Moreover, OBP-401
replication is unlikely in normal hematopoietic cells, because of
their low telomerase activity.

Our patient data demonstrate that enumeration of CTCs reflects
the tumor burden, as the CTC counts decreased upon complete
surgical removal of primary tumors. In addition, although the
sample size is too small to perform a statistical analysis, 2 gastric
cancer patients, who favorably responded to systemic chemother-
apy, exhibited a gradual lowering of CTC counts in parallel with a
decrease in the level of tumor markers, whereas a radiographically
nonresponding patient had an increased CTC count. In contrast,
the absolute number of CTCs did not correspond with tumor
sizes or TNM stages in patients, and a small number of CTCs (0-4
cells in 5-ml samples) were detected in healthy normal volunteers
(data not shown). These results suggest that it is more important
to measure the change in CTC quantity, than to simply determine
whether the value is below or above a disease-specific cutoff point;
the CTC count was, however, mostly analyzed with this endpoint
in clinical trials that used immunomagnetic-bead purification (3,
4,17). Recently, Scher et al. have demonstrated that the use of CTC
3178
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count as a continuous variable enables the prediction
of survival in patients with castration-resistant pros-
tate cancer (35). Although we cannot comment on
the prognostic utility of CTC values in the absence of
outcome data, our OBP-401-based method is at least
useful as a measure of tumor dynamics. A larger series
of clinical trials and longer follow-up studies are nec-
essary to confirm the feasibility of this technology.
In conclusion, we developed an ex vivo GFP-based
fluorescence imaging system that is very simple and
suitable for accurate identification and enumeration
of viable CTCs. This technology has the potential to
1 allow physicians to assess the response to treatment
as a relevant clinical parameter, especially in patients
without elevated levels of tumor markers.

231
1

Methods

Cell culture. The human non-small cell lung cancer cell

line H1299, the human tongue squamous carcinoma cell

lines SCC-4 and SCC-9, the human gastric cancer cell line

MKN435, the human colorectal cancer cell lines HT-29 and

SW620, the human prostate cancer cell line PC-3, the human
cervical adenocarcinoma cell line HeLa, and the human mammary gland
adenocarcinoma cell line MCF-7 were cultured according to the specifica-
tions supplied by the vendor.

Virus. OBP-401 is a telomerase-specific replication-competent adenovirus
variant, in which the hTERT promoter element drives the expression of the
E1A and E1B genes linked with an internal ribosome entry site (IRES), and
the gfp gene is inserted under the CMV promoter into the E3 region (7, 8,
10). The virus was purified by ultracentrifugation in cesium chloride step
gradients, the titer was determined by a plaque-forming assay using 293
cells, and the virus sample was stored at -80°C.

Quantitative real-time RT-PCR analysis. Total RNA from cultured cells was
obtained by using the RNeasy Mini Kit (Qiagen). The "/TERT and CK7 mRNA
copy numbers were determined by real-time quantitative RT-PCR with a
StepOnePlus system and TagMan Gene Expression Assays (Applied Biosys-
tems). Specific primers for hTERT (Hs00972650_m1), CK-7 (Hs00559840_
m1),and GAPDH (Hs99999905_m1) were used (Applied Biosystems). PCR
amplification began with a 20-second denaturation step at 95°C and then
40 cycles of denaturation at 95°C for 1 second and annealing/extension at
60°C for 20 seconds. Data analysis was performed using StepOne Software
(Applied Biosystems). The GAPDH housekeeping gene was used as the ref-
erence gene for PCR normalization. The ratios normalized by dividing the
value of H1299 cells were presented for each sample.

Fluorescence microplate reader. Cells were infected with OBP-401 at the
indicated MOI values in a 96-well black-bottom culture plate and then
further incubated for the indicated time periods. GFP fluorescence was
measured by using a fluorescence microplate reader (DS Pharma Biomedi-
cal) with excitation/emission at 485 nm/528 nm. The GFP fluorescence
was expressed relative to that of MCF-7 cells.

Time-lapse fluorescence microscopy. Cells were infected with OBP-401 at an
MOI of 10 for 2 hours in vitro. Phase-contrast and fluorescent time-lapse
recordings were obtained to concomitantly analyze cell morphology and
GFP expression with an inverted microscope (Olympus) equipped with a
heated stage and controlled CO; environment (37°C, 8.5% CO,) (Tokai
Hit). Images were taken every 10 minutes.

Sample preparation and automated optical imaging analysis. A simple 3-step meth-
od is used to detect viable human CTCs in the peripheral blood. Briefly, 5-ml
blood samples were drawn into heparinized tubes and incubated with lysis
buffer containing ammonium chloride (NH4CI) for 15 minutes to remove
Number 10
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Images of GFP-positive cells obtained from the peripheral blood and the primary tumors. (A) CTCs were visualized by GFP expression among
peripheral blood leukocytes in the blood sample obtained from a stage Ib gastric cancer patient (case 31). A single-cell suspension was also
prepared from surgically removed primary tumor and exposed to OBP-401 at an MOI of 100 for 24 hours. (B) Primary tumor cells were also
isolated from a patient with stage llla colon cancer (case 3) and infected with OBP-401 at an MOI of 100. Cell morphology of CTCs and primary
tumor cells is shown by phase-contrast microscopy (first and third rows in A and first, third, and fifth rows in B), and GFP expression is shown by
fluorescence microscopy (second and fourth rows in A and second, fourth, and sixth rows in B). Original magnification, x600.

erythrocytes. After centrifugation, the cell pellets were mixed with 10* PFUs of
OBP-401 and incubated at room temperature for another 24 hours. Follow-
ing centrifugation, the cells were resuspended in 15 ul of PBS and then placed

onto a slide under a coverslip. A motorized stage (Tokai Hit), mounted on a

fluorescence microscope, serially captured segmented tile images in the area
of the coverslip. The captured segmented tile images were joined together by
MetaMorph 7.5, an image acquisition and analysis software (Molecular Devic-

es), to create a large image of a 20-mm x 20-mm area. GFP signals could be

The Journal of Clinical Investigation  http://www.jci.org  Volume 119  Number 10  October 2009 3179



technical advance

A Cycle 1 Cycle 2
Chemotherapy e  de—)
1600 =500 = CA199 8 Q
E -®- CA125 - O
=000l = 400 —A— CEA 5
£ 1200 B 6 2
S = 300 12
80 I 142
] o 200 13
O ——1
400 @ 12 &
2 100 41 o
oLl So !
0 15 30 45 60 75 90
Days after treatment
B Cycle 1 Cycle 2
Chemotherapy - . >
20 —A&—CEA 30 Q
9]
= 15 z
£ 20 3
= (=3
<10 @
<C —_
w 10 8
O 5 0 5
G
0 L i i L L i i o i
0 10 20 30 40 50 60 70 80 -
Days after treatment
C 30 Case 5 60 Case 9 D Case 3 20 - Case 4
17 18
T = 23 47 o =
£E 2 40 £E
S© S0
= 2310 10+
28w 0 20 0%
(@] o
3 3
D L ] 1 2 J s J L ']
Presurgery After Presurgery After Presurgery After Presurgery After
surgery surgery surgery surgery

Figure 7

CTC dynamics at baseline and after treatment in patients with gastric or colon cancer. (A) Quantitation of CTCs in peripheral blood samples
from an advanced gastric cancer patient (case 1) with multiple liver metastases who received 2 cycles of systemic chemotherapy. CTC counts
at the indicated time points (orange bars) were plotted along with the levels of tumor markers CEA, CA19-9, and CA125. A decrease in the CTC
number from 7 to 0 was observed 38 days after starting chemotherapy (red arrows). (B) The patient with recurrent gastric cancer at regional
lymph nodes (case 27) was treated with 2 cycles of systemic chemotherapy. The CTC quantity (orange bars) and CEA level were well correlated
over the course of treatment. (C and D) Changes in CTC numbers after surgery. CTC numbers were measured before and 4 weeks after surgical
resection of primary tumors and regional lymph node dissection. (C) Two gastric cancer patients (cases 5 and 9) underwent a total gastrectomy
and distal gastrectomy, respectively. (D) Low anterior resection was performed in 2 colorectal cancer patients (cases 3 and 4).

visualized easily in high-magnification images with a large field of view. The
institutional review board at Okayama University Graduate School approved
the study protocol, and all patients provided written informed consent.

Immunobistochemistry. Cells on the slides were fixed with 2% glutaralde-
hyde and washed 3 times with PBS. The slides were subsequently incubated
with rhodamine-labeled anti-CK-7/8 antibody (CAMS.2; BD Biosciences)
for 1 hourat 37°C. After washing 3 times with PBS, the slides were mounted
with buffered glycerol for examination by fluorescence microscopy.

Tumor cell preparation. Primary solid tumors were surgically removed
from patients with gastric cancer or other types of cancer. The tumor tis-
sue was homogenized by mechanical mincing, and then the cell mixtures
were passed through a cell strainer (BD Biosciences — Discovery Labware)
and suspended as a single-cell suspension.

Statistics. We used the Student’s 2-tailed ¢ test to identify statistically sig-
nificant differences between groups. Results are reported as mean + SD.
Pvalues of less than 0.05 were considered statistically significant.
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