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Abstract: Some colorectal carcinoma (CRC) invades into vessels and has distal metastasis, largely attributable
to the dissemination of tumor cells into circulation as circulating tumor cells (CTCs). Moreover, cancer stem cells
(CSCs) within CTCs, which are termed as circulating tumor stem-like cells (CTSCs), are critical for formation of distal
metastatic tumors. Although different cell surface markers have been used to characterize and isolate CTCs or CSCs
in CRC, no good marker has been identified so far for CTSCs. Here, we show evidence that CD262+ CRC cells appeared to be highly enriched for CTSCs in CRC. CD262+ CRC cells formed more tumor spheres in culture, exhibited
higher chemo-resistance, had higher ratio of developing tumors after serial adoptive transplantation in nude mice,
and had higher frequency of developing distal metastatic tumor, compared to traditional CD133+ or CD44+ CRC
cells. Moreover, tumor cells were significantly more frequently detected in the circulation when CD262+ CRC cells
were subcutaneously transplanted. Finally, we detected high CD262 levels in the stage IV CRC specimens, which
were associated with poor prognosis of the patients. Together, these data suggest CD262+ may be a novel CTSC
markers and selective elimination of CD262+ CRC cells may substantially improve the current CRC therapy.
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Introduction
Colorectal carcinoma (CRC) is one of the most
common malignant tumors worldwide [1-3].
When CRC cells invade vascular system, they
may metastasize through circulation, result
into that a number of patients were diagnosed
only after these metastases had occurred to
miss the optimal time window for surgical
resection [1-3]. Therefore, early detection of
metastatic CRC may improve its prognosis.
The invasion and metastases of CRC cells are
recently associated with the presence of a subtype of cancer cells, called circulating tumor
cells (CTCs) that had dissembled from the primary tumor and subsequently invaded into the
blood circulation [4-7]. Cancer stem cells
(CSCs) are cancer cells with characteristics of
stem cells. CSCs are responsible for tumor initiation, progression, relapse, metastasis and
chemo-resistance.

Cell surface markers have been generally used
for isolation of CSCs by flow cytometry, whereas
none of these CSC-markers have been found to
be 100% specific, and therefore these markers
are actually used to enrich CSCs from a certain
tumor. Hence, most characterized “CSCs” are
actually CSC-like cells [8-12]. The gold standard
to identify CSCs or CSC-like cells is by tumor
sphere formation and by tumor formation in
serial adoptive transplantation. CD133 has been used to isolate CTCs or CSCs for various cancers, including CRC [8-12]. However, CD133
appears to be lack of cancer specificity and to
poorly characterize CSCs in many cases [13].
ALDH1 is a detoxifying enzyme responsible for
the oxidation of intracellular aldehydes to be
used in identification of stem/progenitor cells
or CSCs [14-19]. However, recent evidence suggests the presence of aldefluor-positive cells in
other populations, e.g. proliferating pancreatic
beta cells [20, 21]. CD44 is another CSC maker
that has been used in CRC [22-24]. However, it
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General Hospital. All animal experiments were approved
by the Institutional Animal Care and Use Committee at the
First Clinical Medical School
of Harbin Medical University
(Animal Welfare Assurance).
All the experiments have been
carried out in accordance with
the guidelines from the research committee at the First
Clinical Medical School of HarFigure 1. Preparation of GFP and luciferase labeled CRC cells. A. To allow
bin Medical University. The metracing tumor formation in living mice and isolation of tumor cells from mice,
we transduced the CRC cells with a lentivirus carrying both luciferase and
thods regarding animals and
GFP reporter under the control of a CAG promoter. B. The transduced Caco-2
human specimens were carricells were purified based on GFP expression by flow cytometry. C. The puried out in “accordance” with
fied GFP+ Caco-2 cells in culture. Scale bar is 20 µm.
the approved guidelines. Surgeries were performed in accoris also suffered from lack of specificity. Hence,
dance with the Principles of Laboratory Care,
searches on novel cancer-specific CTSC marksupervised by a qualified veterinarian.
ers in CRC are highly needed.
Patient specimens
CSCs are not equivalent to CTCs, but share
Surgical specimens from 100 CRC (stage IV)
some similarities including cell surface markpatients and paired adjacent non-tumor tisers. Specifically, only those CTCs that form ecsues (NT) were obtained postoperatively in the
topic metastases have the characteristics of
First Clinical Medical School of Harbin Medical
CSCs, and may be termed as circulating tumor
University from 2005 to 2008. All patients gave
stem cells (CTSCs) [4-7]. Identification of CTSCs
signed, informed consent for the tissue to be
is critical for cancer therapy [25-28].
used for scientific research. Ethical approval for
Activation of the TNF-related apoptosis-inducthe study was obtained from the First Clinical
ing ligand (TRAIL) pathway is a regulatory mechMedical School of Harbin Medical University. All
anism of apoptosis by some human cancer
diagnoses were based on pathological and/or
cells. CD262, also known as TRAIL-R2, is a recytological evidence. The histological features
ceptor for apoptosis ligand TRAIL. Very recently,
of the specimens were evaluated by senior
CD262 has been reported to play a role in the
pathologists according to the World Health
radio-resistance of human neural stem cells
Organization classification criteria. All patients
and neuroblastoma cells [29]. In addition, crohad been followed-up for 60 months. Complete
sstalk between TRAIL-R3 and CD262 has been
clinical data was electronically recorded.
shown to regulate acute myeloid leukemia [30].
Cell line culture and treatment
However, a role of CD262 in the definition of
CTSCs in CRC has not been shown.
Two human colon epithelial adenocarcinoma
cell lines, Caco-2 and T-84 were used in the
Here, we addressed these questions and our
current study. Caco-2 was originally developed
findings suggest that CD262+ may be a novel
by Dr. Jorgen Fogh, and T-84 was obtained from
CTSC markers and selective elimination of
a 72 year-old male [31]. Both lines were purCD262+ CRC cells may substantially improve
chased from ATCC (American Type Culture Collthe current CRC therapy.
ection, Manassas, VA, USA), and cultured in
RPMI1640 medium (Invitrogen, Carlsbad, CA,
Materials and methods
USA) supplemented with 15% fetal bovine serum (FBS; Sigma-Aldrich, St Louis, MO, USA) in
Protocol approval
a humidified chamber with 5% CO2 at 37°C.
All the experimental methods have been appFluorouracil (5-FU, Sigma-Aldrich) was prepared
roved by the research committee at Shanghai
in a stock of 1 mmol/l and applied to the cul-
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Figure 2. CD262+ CRC cells generate more tumor spheres in vitro. We isolated CD44+, CD133+ or CD262+ cells
from the two human CRC lines, Caco-2 and T-84, by flow cytometry. (A, B) The control unsorted cells (CTL), CD44+,
CD133+ or CD262+ Caco-2 cells were subjected to tumor sphere formation assay, shown by representative images
(A) and by quantification (B). (C, D) The control unsorted cells (CTL), CD44+, CD133+ or CD262+ T-84 cells were
subjected to tumor sphere formation assay, shown by representative images (C) and by quantification (D). *P<0.05.
N=5.

tured cells at 5 µmol/l. Cisplatin (Sigma-Aldrich)
was prepared in a stock of 1 mmol/l and applied to the cultured cells at 20 µmol/l.
Cell transduction
Luciferase (LUC) allows in vivo tracing of the
cells. GFP is a green fluorescent protein and
RFP is a red fluorescent protein. We used a
pcDNA3.1-CAG-GFP plasmid and a pcDNA3.1CAG-luciferase plasmid as backbones (Clontech, Mountain View, CA, USA). The GFP coding
sequence was digested with Xhol and BamHI
and subcloned with a 2A into a pcDNA3.1-CAGluciferase, resulting in a construct named
pCAG-luciferase-2A-GFP. The small 2A peptide
sequences induce, stoichiometric production
of 2 protein products within a single vector.
Sequencing was performed to confirm the cor4235

rect orientation of the new plasmid. To generate lentiviral particles, HEK293T cells were
seeded in a 100 mm dish at 50,000 cells/cm2
and co-transfected with 10 µg of pCAG-luciferase-2A-GFP and 5 µg each of packaging plasmids (REV, pMDL and VSV-G) using Lipofectamine-2000 (Invitrogen). The supernatant containing lentiviral particles was collected 48
hours after transfection and filtered through a
0.45 µm syringe filter. The viruses were purified
using CsCl density centrifugation and then
titered by a quantitative densitometric dot-blot
assay. For cell transduction in vitro, CRC cells
were seeded in 100 mm plates at 15,000 cells/
cm2 one day prior to lentiviral infection. The lentiviral particles were added along with 10 µg/
ml polybrene (Sigma-Aldrich) to the cell culture
at a multiplicity of infection (MOI) of 100 for 48
Am J Transl Res 2016;8(10):4233-4241
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Figure 3. CD262+ CRC cells are more resistant to chemotherapy. (A, B) CTL, CD44+, CD133+ or CD262+ Caco-2
cells were subjected to 5-FU (A) or Cisplatin (CP, B) treatment in vitro. (C, D) CTL,CD44+, CD133+ or CD262+ T-84
cells were subjected to 5-FU (A) or CP (B) treatment in vitro. *P<0.05. N=5.

hours. Then the cells were washed twice with
complete media and purified for transduced
bells based on GFP by flow cytometry. Transduced cells were monitored in vivo by their
expression of luciferase, and detected by their
expression of GFP.

of cancer cells, 30 cancer cells were isolated
from implanted tumor and re-transplanted s.c.
into NOD/SCID mice. The tumor formation was
examined after 6 weeks by bioluminescence.
Three rounds of serial adoptive transfer were
performed.

Mouse manipulation

Tumor monitoring by bioluminescence

Ten week-old male NOD/SCID mice (SLAC Laboratory Animal Co. Ltd, Shanghai, China) were
used for subcutaneous (s.c.) transplantation of
tumor cells and serial adoptive transfer. The
bioluminescence was monitored 4 weeks after
s.c. transplantation. For s.c. transplantation of
cancer cells into NOD/SCID mice, 200 cancer
cells were implanted s.c. and the tumor formation was examined after 8 weeks by bioluminescence. For serial adoptive transplantation

Formation of tumor at s.c. sites was monitored
by luciferin assay, based on luciferase activity
of tumor cells. Bioluminescence was measured
with the IVIS imaging system (Xenogen Corp.,
Alameda, CA, USA). All of the images were taken
10 minutes after intraperitoneal injection of
luciferin (Sigma-Aldrich) of 150 mg/kg body
weight, as a 60-second acquisition and 10 of
binning. During image acquisition, mice were
sedated continuously via inhalation of 3% iso-
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ELISA for CD262
Total protein was used for an
ELISA assay, with a human
CD262 ELISA kit (Abcam, Cambridge, MA, USA).
Statistical analysis
All of the statistical analyses
were performed using the GraphPad Prism 6 (GraphPad Software, San Diego, CA, USA).
Statistical analysis of group
differences was carried out
Figure 4. CD262+ CRC cells generate the greater cancer after s.c. transplantation. Thus, same number of CTL, CD44+, CD133+ or CD262+ Caco-2 cells
using a one-way analysis of
were s.c. implanted into NOD/SCID mice, and the formed tumor was monivariance (ANOVA) test followtored after 8 weeks. (A, B) The luciferase activity was determined in mice,
ed by followed by Turkey mulshown by quantification (A) and by representative images (B). *P<0.05.
tiple comparison post-hoc anN=10.
alysis. Patients’ survival was
determined by Kaplan-Meier
flurane. Image analysis and bioluminescent quanalysis. All values represent the mean ± standard deviation (SD). A value of P<0.05 was conantification was performed using Living Image
sidered statistically significant after Bonferroni
software (Xenogen Corp.).
correction.
Primary tumor sphere culture
Results
Cancer cells were washed, acutely dissociated
in oxygenated artificial cerebrospinal fluid and
Preparation of GFP and luciferase labeled CRC
subject to enzymatic dissociation to single
cells
cells. Afterward, single cancer cells were resuspended in tumor sphere media (TSM) conTwo human CRC cell lines, Caco-2 and T-84
sisting of a serum-free DMEM, human recombiwere used in the current study. To allow tracing
nant Epidermal growth factor (20 ng/ml; Sigmatumor formation in living mice and isolation of
Aldrich), bFGF (20 ng/ml; Sigma-Aldrich), leuketumor cells from mice, we transduced the CRC
mia inhibitory factor (10 ng/ml; Sigma-Aldrich)
cells with a lentivirus carrying both luciferase
and N-acetylcysteine (60 µg/ml; Sigma-Aldrich),
and GFP reporter under the control of a CAG
and then plated at a density of 2×104 cells/60
promoter (Figure 1A). The transduced cells
mm plate for examination of tumor sphere
were purified based on GFP expression by flow
formation.
cytometry (Figure 1B, 1C).
Cell viability assay
CD262+ CRC cells generate more tumor
spheres in vitro
The CCK-8 detection kit (Sigma-Aldrich) was
used to measure cell viability according to the
We isolated CD44+, CD133+ or CD262+ cells
manufacturer’s instructions. Briefly, cells were
from the two human CRC lines, Caco-2 and
seeded in a 96-well microplate at a density of
4
T-84, by flow cytometry. The control unsorted
5×10 /ml and then treated with drugs. After 24
cells (CTL), CD44+, CD133+ or CD262+ cells
h, cells were treated with resveratrol. Subsewere subjected to tumor sphere formation
quently, CCK-8 solution (20 ml/well) was added
o
assay. We found that compared to CTL, CD44+,
and the plate was incubated at 37 C for 2 h.
CD133+ or CD262+ Caco-2 cells generated sigThe viable cells were counted by absorbance
nificantly more tumor spheres. Moreover, the
measurements with a monochromator microCD262+ Caco-2 cells generated significantly
plate reader at a wavelength of 450 nm. The
more tumor spheres than CD44+ or CD133+
optical density value was reported as the perCaco-2 cells (Figure 2A, 2B). Similarly, comcentage of cell viability in relation to the control
pared to CTL, CD44+, CD133+ or CD262+ T-84
group (set as 100%).
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Figure 5. CD262+ CRC cells induce the highest occurrence of tumor formation in serial adoptive transplantation.
A. Schematic of the experiment: 30 tumor cells were isolated from s.c. tumor developed from either CTL, CD44+,
CD133+ or CD262+ Caco-2 cells, and were transplanted s.c. to new NOD/SCID mice. The formation of tumor was
examined by bioluminescence after 6 weeks. The formation of the tumor was first verified by bioluminescence and
then confirmed by histology of the dissected out. The newly formed tumors were then dissected out and used for
isolation of 30 tumor cells for the next round of transplantation. Three rounds of transplantation were performed.
B. Frequency of developing tumor. C. The tumor mass. *P<0.05. N=10.

cells generated significantly more tumor spheres. Moreover, the CD262+ T-84 cells generated significantly more tumor spheres than
CD44+ or CD133+ T-84 cells (Figure 2C, 2D).
Hence, CD262+ cells are better enriched CSCs
than CD44+ or CD133+ CRC cells.

treatment in a CCK-8 assay (Figure 3A-D).
Hence, CD262+ CRC cells are more resistant to
chemotherapy.

CD262+ CRC cells are more resistant to chemotherapy

Thus, same number of CTL, CD44+, CD133+ or
CD262+ Caco-2 cells were s.c. implanted into
NOD/SCID mice, and the formed tumor was
monitored after 8 weeks. We found that compared to CTL, CD44+, CD133+ or CD262+ Caco-2 cells generated significantly larger tumor,
and the CD262+ Caco-2 cells generated the
highest tumor mass among all, based on biolu-

Next, the CTL, CD44+, CD133+ or CD262+
Caco-2 and T-84 cells were subjected to 5-FU
or Cisplatin treatment in vitro. We found that
compared to CTL, CD44+, CD133+ or CD262+
cells appeared to have higher cell viability, and
the CD262+ cells were most resistant to either
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High CD262 levels in CRC
specimens are associated
with poor prognosis
We examined CD262 levels by
ELISA in 100 resected CRC
(stage IV) specimens, compared to the paired adjacent normal tissue (NT). All the patients underwent routine surgery to remove the original tuFigure 6. High CD262 levels in CRC specimens are associated with poor
mor and no metastatic lesprognosis. We examined CD262 levels by ELISA in 100 resected CRC (stage
ion was resected. We found thIV) specimens, compared to the paired adjacent normal tissue (NT). All the
at CRC tissue expressed highpatients underwent routine surgery to remove the original tumor and no
er levels of CD262, compared
metastatic lesion was resected. A. The levels of CD262 by ELISA in CRC
to NT (Figure 6A). To examine
specimens, compared to NT. B. To examine the clinical significance of
the clinical significance of CDCD262 levels in CRC, the 100 CRC patients were followed-up for 60 months
after resection of the primary cancer. Overall survival, which was defined as
262 levels in CRC, the 100
the time from randomization to death, and preset as 5 years, was evaluated.
CRC patients were followedThe median value of all 100 cases was chosen as the cutoff point for sepup for 60 months after resecarating CD262-high cases (n=50) from CD262-low cases (n=50). Kaplantion of the primary cancer. OvMeier curves were performed. *P<0.05. **P<0.01. N=100.
erall survival, which was defined as the time from ranminescence examination, shown by quantificadomization to death, and preset as 5 years,
tion (Figure 4A), and by representative images
was evaluated. The median value of all 100
(Figure 4B).
cases was chosen as the cutoff point for separating CD262-high cases (n=50) from CD262CD262+ CRC cells induce the highest occurlow cases (n=50). Kaplan-Meier curves indicatrence of tumor formation in serial adoptive
ed that CRC patients with high CD262 levels
transplantation
had a significantly worse 5-year survival than
those with low Lgr5 levels (Figure 6B). Together,
Another gold standard for determining CSC-like
these data suggest that high CD262 levels in
cells is potent of tumor formation after serial
CRC specimens may be associated with poor
adoptive transplantation. Thus, 30 tumor cells
prognosis.
were isolated from s.c. tumor developed from
either CTL, CD44+, CD133+ or CD262+ Caco-2
Discussion
cells, and were transplanted s.c. to new NOD/
CTSCs are critical for tumor initiation, growth,
SCID mice. The formation of tumor was examprogression and metastasis. Identification of
ined by bioluminescence after 6 weeks. The
CSCs has been largely relied on flow-cytometryformation of the tumor was first verified by biobased examination of surface markers, e.g.
luminescence and then confirmed by histology
CD133 and CD44. However, the presently used
of the dissected out. The newly formed tumors
markers have significant shortcoming of lack of
were then dissected out and used for isolation
specificity [13].
of 30 tumor cells for the next round of transplantation. Three rounds of transplantation were performed (Figure 5A). We found that CD262+ Caco-2 cells had significantly higher rate
of developing tumor, compared to others, based on bioluminescence examination (Figure
5B). Moreover, the tumor mass formed by CD262+ cells was significantly greater, compared
to others (Figure 5C). These data suggest that
CD262+ cells are highly enriched for CSCs in
CRC, and are better markers for sorting CSClike cells, compared to CD44 or CD133.
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Here, we analyzed CD262 as a novel CTSC
marker for CRC. Our study was coming from the
inspiration by a recent study in neural science,
which shows that CD262 plays a role in the
radio-resistance of human neural stem cells
and neuroblastoma cells [29].
Ivanov el al. show that a constitutive high-level
expression of TRAIL-R2 in human NSC is detected after ionizing radiation through generation
of reactive oxygen species targeted cell signal-
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ing pathways. A significant increase of endogenous expression and secretion of TRAIL could
induce autocrine/paracrine stimulation of the
TRAIL-R2-mediated signaling cascade with activation of caspase-3-driven apoptosis. Subsequently, TRAIL production through elimination
of bystander TRAIL-R-positive human neural stem cells might substantially restrict a final yield
of differentiating young neurons. This mechanism is also used to explain the maintenance of
radio-resistance of neuroblastoma cells by constitutive PI3K-AKT over-activation and endogenous synthesis of TGF-beta1 [29].
In the current study, we purified CD262+ CRC
cells, and compared to CD44+ or CD133+ cells.
We found that these CD262+ cells showed
higher tumor formation potential in vitro and in
vivo, more resistant to chemotherapy, and greater ability to generate tumor after serial adoptive transplantation. These are gold standards
for determining CTSC and CSC properties. Here,
all these assays were performed to support
CD262+ cells as a highly purified CTSC population, and its advantage over CD44 or CD133 is
very important for identification of the true
CTSC population in CRC to promote development of innovative targeting therapy.
Although here we provide direct data to support
the usefulness of using CD262 for characterizing CTSC in CRC, the clinical data that show
association of High CD262 levels in CRC with
poor prognosis of the patients support this possibility. Additional efforts are needed to further
validate it, e.g. a large samples may be analyzed to detect the CD262, and to compare with
CD44 and CD133 expression, not only in primary CRCs, but also in the metastatic tumors.
Moreover, a combination of CD262 and CD44
or CD262 and CD133 can be examined to see
whether it could further improve the purification of CTSC in CRC.
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