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Introduction

Background: Metastasis and recurrence of primary cancer are the main causes of cancer
mortality. Disseminated tumor cells refer to cancer cells that cause metastasis from prima-
ry cancer to other organs. Several recent studies have suggested that circulating tumor
cells (CTCs) are associated with the clinical stage, cancer recurrence, cancer metastasis,
and prognosis. There are several methods of isolating CTCs from whole blood; in particu-
lar, using a membrane filtration system is advantageous due to its cost-effectiveness and
availability in clinical settings. In this study, an animal model of lung cancer was established
in nude mice using the human large cell lung cancer cell line H460.

Methods: Six-week-old nude mice were used. The H460 lung cancer cell line was inject-
ed subcutaneously into the nude mice. Blood samples were obtained from the orbital
area before cell line injection, 2 weeks after injection, and 2 weeks after tumor excision.
Blood samples were filtered using a polycarbonate 12-well Transwell membrane (Corning
Inc,, Corning, NY, USA). An indirect immunofluorescence assay was performed with the
epithelial cell adhesion molecule antibody. The number of stained cells was counted using
fluorescence microscopy.

Results: The average size of the tumor masses was 35.83 mm. The stained cells were
counted before inoculation, 2 weeks after inoculation, and 2 weeks after tumor excision.
Cancer cells generally increased after inoculation and decreased after tumor resection.
Conclusion: The CTC detection method using the commercial polycarbonate 12-well
Transwell (Corning Inc.) membrane is advantageous in terms of cost-effectiveness and
convenience.
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There are several methods of isolating CTCs from whole
blood. The oldest method is the density gradient centrifu-

Cancer is the leading cause of death in most industrial-
ized counties. Metastasis and recurrence of primary cancer
are the main causes of cancer mortality [1]. Disseminated
tumor cells refer to cancer cells that cause metastasis from
primary cancer to other organs [2]. Among these cancer
cells, those that penetrate the blood vessel wall and float in
the blood circulation are known as circulating tumor cells
(CTCs). Several recent studies have suggested that CTCs
are associated with the clinical stage, cancer recurrence,
cancer metastasis, and prognosis [3-6]. When the number
of CTCs in blood samples from breast cancer patients was
5 or more, the recurrence rate was higher and the survival
rate was lower than in patients with a lower CTC count [7].

gation method, wherein CTCs are isolated with immuno-
histochemical staining of the epithelial marker cytokeratin
from cells separated by centrifuging whole blood [8]. How-
ever, this method has the disadvantages of being time-con-
suming and costly, as well as having a reproducibility of
less than 70%.

Another method is to use magnetic beads. Magnetic
bead technology separates CTCs from whole blood
through the magnetic force exerted by magnetic beads at-
tached to antibodies. However, as there is considerable
variability in the quantity of proteins expressed in the cell
membrane of each cancer cell, the yield ratio varies signifi-
cantly, from 9% to 90% [8-11]. Moreover, expensive equip-
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ment is required to detect the separated CTCs.

Another method of CTC separation is based on the dif-
ferent sizes of cells in the blood. This technique, known as
the membrane filtration system (MEMS) method, takes
advantage of the fact that CTCs are larger than red blood
cells or platelets [12,13]. The MEMS method using a micro-
fabricated filter has the advantages of being cheaper than
other methods; furthermore, it is possible to freely change
the size and location of the pores, and the equipment is
easily available in clinical settings as it only requires im-
munostaining after filtering the collected blood with the
MEMS, which does not take a long time. In a recent CTC
detection study using MEMS, an 8-um pore was used to
isolate CTCs, and 90% of CTCs were detected within a
short time [14].

In this study, an animal model of lung cancer was estab-
lished by subcutaneous tissue injection in nude mice using
the human large cell lung cancer cell line H460. CTCs were
then detected in the blood of these mice using a commer-
cially available filtering system with a pore size of 8 um.
The purpose of this experiment was to determine the ap-
plicability of this tool for the filtration and detection of
CTCs.

Methods

To establish the animal model, 6-week-old nude mice
weighing 25 g were used. Briefly, 1x10° cells were injected
into the subcutaneous tissue in the posterolateral regions
of the chest and abdomen of nude mice.

After injection of the lung cancer cell line, 1 mL of blood
was collected from the periorbital area into an ethylenedi-
aminetetraacetic acid (EDTA) tube containing 1 mL of
normal saline. Two weeks after the injection of the lung
cancer cell line, 1 mg of ketamine and 0.1 mg of xylazine

were injected intraperitoneally for anesthesia. Then, 1 mL
of blood was collected from the area around the eye in the
same manner mentioned above. After blood collection, the
mass was resected along with the surrounding subcutane-
ous tissue; the area was then sutured. Two weeks after re-
section of the tumor mass, 1 mL of blood was collected
from the area around the eye in the same manner.

To detect CTCs, a commercially available MEMS system
was used. All blood samples were immediately transferred
to a 12-well Transwell membrane (Corning Inc., Corning,
NY, USA) after collection into EDTA tubes for filtering for
10 minutes (Fig. 1). After filtration, an indirect immuno-
fluorescence assay was performed.

The indirect immunofluorescence method was per-
formed following the instructions for the reagent. A com-
mercially available slide (IT-APF; ImmunoThink Co.,
Seoul, Korea) was used. The serum was diluted to 1:20. To
each well of the slide, 30 pL of diluted serum was aliquot-
ed, reacted at 37°C for 60 minutes, and washed for 10 min-
utes in phosphate-buffered saline. A secondary antibody
(fluorescein isothiocyanate-conjugated rabbit anti-human
gamma-globulin) was aliquoted, reacted at 37°C for 30
minutes, and washed again. The slide was then observed
using fluorescence microscopy.

This experiment was finished before the Chungnam Na-
tional University Hospital Pre-Clinical Research Center
was established (August 2013). However, the research fol-
lowed the Guidelines for Ethical Conduct in the Care and
Use of Animals [15-17].

Results

The animal model of lung cancer was established by the
injection of H460 cells into the subcutaneous tissue of
nude mice. H460 cells (1x10°) were injected into the pos-
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Fig. 1. (A, B) Schematic diagram of

Basal the method used to capture circu-
lating tumor cells with a Transwell
15 mm membrane (Corning Inc., Corning,

NY, USA).
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terolateral subcutaneous tissues of the abdomen, consider-
ing the weight of nude mice. Although it was confirmed
that cancerous tumors grew under the skin 2 weeks after
inoculation in the nude mice, the size of the tumor was
slightly different for each individual. The sizes of the mass-
es were 30, 39, 40, 39, 42, and 25 mm for nude mice no. 1,
2, 3,4, 5, and 6, respectively, with an average size of 35.83
mm (Fig. 2). Mass resection was performed immediately
after the second blood collection. There were no cases of
mass recurrence in the 2-week period after mass resection.
Blood collection was performed 3 times. All samples
were obtained by orbital blood collection, and blood was
collected before the H460 inoculation, 2 weeks after inocu-
lation, and 2 weeks after mass removal. After collecting 1
mL of blood, it was mixed with 1 mL of physiological sa-
line and stored in an EDTA tube. Blood was collected from
the 6 mice successfully without any complications.
Membrane filtering was performed within 5 minutes af-
ter blood collection. After transferring the blood samples
to a 12-well Transwell (Corning Inc.) membrane and filter-
ing for 10 minutes, it was confirmed that all blood samples
came down to the lower cover of the Transwell (Corning
Inc.) membrane, and no blood clots occurred in any of the
6 samples during the experiment. After confirming that
filtration was complete, the upper cover with the cell filter
was separated, and only the lower floor plate was removed;
then, the indirect immunofluorescence assay was per-
formed. After membrane filtration, CTCs were confirmed

through indirect immunofluorescence with epithelial cell
adhesion molecule (EpCAM) and CD45.

In nude mouse no. 1, 45 cells were stained with fluores-
cence before inoculation with H460. After 2 weeks, 134 cells
were stained in the blood before mass resection, and 150
cells were stained 2 weeks after resection. Nude mouse no.
2 had 55 stained cells before inoculation, 16 stained cells
before mass resection, and no stained cells 2 weeks after
mass resection. Nude mouse no. 3 had 15 stained cells be-
fore inoculation, 163 stained cells before mass resection,
and 35 stained cells 2 weeks after mass resection. Nude
mouse no. 4 had no stained cells before inoculation, 27
stained cells before mass resection, and 13 stained cells 2
weeks after mass resection. Nude mouse no. 5 had 5
stained cells before inoculation, 182 stained cells before
mass resection, and 3 stained cells 2 weeks after mass re-
section. Nude mouse no. 6 had no stained cells before in-
oculation, 2 stained cells before mass resection, and 3
stained cells 2 weeks after mass resection (Fig. 3).

An increase in CTC levels after inoculation was con-
firmed in 5 out of the 6 nude mice (80%). The number of
cancer cells tended to decrease after tumor resection. It
was not possible to confirm the recurrence of tumors after
resection.

Discussion

CTC detection was performed using a membrane filtra-

Fig. 2. (A-F) Mass formation: 2 weeks after H460 cell inoculation.
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Fig. 3. (A-F) Results of indirect immunofluorescence.

tion system in the blood of a mouse model of lung cancer.
The membrane filtration system is a detection method that
takes advantage of the fact that tumor cells of epithelial or-
igin are larger than other cells in the blood. In a previous
study using a membrane filtration system with a pore size

Inoculation Tumor resection

of 8 um, 90% of CTCs were detected when cancer cells
were mixed into human blood. As well as H406, A549 cells
(with cell diameters of approximately 15 um) have been
widely used as research models for lung epithelial structure
and the occurrence, development, and treatment of lung
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cancer [18-20]. In the present study, we conducted a pre-
liminary clinical trial based on this finding and detected
CTCs using indirect immunofluorescence in blood sam-
ples collected from an established subcutaneous lung can-
cer animal model using nude mice, rather than artificially
mixing the cancer cells with blood. Contrary to the predic-
tion that the cells of epithelial origin detected by the Ep-
CAM antibody in the blood collected prior to inoculating
cancer cells into nude mice would not be detected in this
study, cell staining by indirect immunofluorescence
showed positive results in 4 mice. This could have been due
to many factors. It is possible that cells of epithelial origin
contaminated orbital blood collection as a result of damage
to the tissues surrounding the eyes.

Although the growth of tumor masses showed individu-
al differences after the subcutaneous inoculation of H460
cancer cells, mass formation was successfully achieved in
all nude mice. In addition, the number of cells stained by
indirect immunofluorescence significantly increased in the
blood collected before mass resection in 5 mice, except for
mouse no. 2. However, there was no linear correlation be-
tween the size of the mass and the number of detected
CTCs. This seems irrelevant to the characteristics of can-
cer cells because the same cell line was used; rather, it
seems to be an issue of the sensitivity of the detection
method, as well as individual differences in the number of
CTCs.

A decrease in CTCs 2 weeks after mass resection was ob-
served in all mice, except for mice no. 1 and 6. Recurrence
of the mass was not observed in any of the experimental
mice; however, mouse no. 1 showed a significant increase
in the number of CTCs. This was believed to be associated
with cancer metastasis to other areas. Although a biopsy
was performed, there were no clear findings of metastasis
to the lungs or other organs.

The CTC detection method using the commercial poly-
carbonate 12-well Transwell membrane (Corning Inc.) to
isolate cells has the advantages of low cost and convenience
for use in experiments, unlike other membrane filtering
systems that require the assembly of detection equipment.
In addition, the detection of CTCs in blood in an animal
model of large cell lung cancer, rather than the detection of
tumor cells in human blood mixed with cancer cells as in
previous studies, is an experiment closer to the in vivo en-
vironment. Nonetheless, many stained cells were detected
in the blood before the subcutaneous inoculation of cancer
cells. In other words, the false-positive rate was high, and a
disadvantage of this method is that the accuracy may be
compromised by counting the number of stained cells vi-
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sually. Therefore, to reduce the false-positive rate, a meth-
od for reducing contamination of other cells during blood
collection should be devised. Furthermore, it would be de-
sirable to use an objective counting method using flow cy-
tometry, such as fluorescence-activated cell sorting.
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