Proliferation

Cell Prolif., 2015, 48, 311-317

doi: 10.1111/cpr.12175

Prognostic value of circulating CD133™ cells in patients with

gastric cancer

Pu Xia*, Chang-Liang Song¥, Jin-Fang Liuf, Dan Wang§ and Xiao-Yan Xuji

*Department of Cell Biology, Basic Medical College of Liaoning Medical University, Jinzhou, Liaoning 121000, China, TDepartment of
Radiotherapy, Center Hospital of Handan, Handan, Hebei 056001, China, $Department of Pathophysiology, School of Basic Medical Science,
China Medical University, Shenyang, Liaoning 110001, China and §Department of Histology and Embryology, Basic Medical College of Liaoning

Medical University, Jinzhou, Liaoning 121000, China

Received 25 October 2014, revision accepted 25 November 2014

Abstract

Objectives: Gastric cancer is an important cause of
cancer-related mortality worldwide (1). There is
increasing evidence that the existence of cancer
stem cells (CSC) is responsible for tumour forma-
tion and maintenance.

Materials and methods: The present study was
designed to recognise circulating CSCs from blood
samples of patients with gastric cancer, using
CD133 and ABCG2 as potential markers. CD1337,
CD133" ABCG2~ and CDI133" ABCG2" cells
lines were analysed by flow cytometry, immunoflu-
orescence staining, western blotting and real-time
PCR. Furthermore, functional assays (clonogenic
assay in vitro and tumourigenic assay in vivo) were
also performed using these cell lines.

Results: Higher percentages of CD133" cells were
identified in blood samples from gastric cancer
patients compared to normal controls. In addition,
we found by using Kaplan—Meier analysis, that
numbers of CDI133" cells correlated with poor
prognosis gastric cancer patients. Finally, tumouri-
genic properties of CD133" ABCG2" cells were
determined in vitro and in vivo.

Conclusions: Our in vitro and in vivo experiments
demonstrated that CD133" ABCG2" cells exhibited
well-known CSC characteristics; thus when circu-
lating they could be used as a prognostic marker
for gastric cancer.
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Introduction

Gastric cancer is an important cause of cancer-related
mortality worldwide, with 988 000 new cases and
736 000 deaths per year (1). Of the world total, nearly
42% male and 19% female gastric cancer patients are
found in China (2).

The cancer stem cell (CSC) hypothesis proposed that
no more than a proportion of cells of a cancer self-regen-
erate, proliferate and have multiple differentiation poten-
tial (3). It has been suggested that current therapies have
failed to prevent gastric cancer relapse and metastasis due
to the existence and activity of CSC (4). Previous studies
have revealed that so-called side population (SP) cells
have stem cell-like characteristics, which suggests that
they are enriched with CSCs (5-7). SP cells exclude fluo-
rescent DNA-binding dye Hoechst 33342, due to the
action of the ABCG2 (BCRP1) transporter molecule (8).
Although most previous studies on CSC focussed on iden-
tification and characterization of CSCs from the primary
tumour mass, more and more recent investigations have
reported circulating CSCs isolated from patients’ blood
(9—11). Fan et al. (12) highlighted the importance of cir-
culating CSCs as a prognostic tool to illuminate early
recurrence of hepatocellular carcinoma after hepatectomy.
In the study of Li et al. (9), circulating CD44* CSC pro-
vided more specific prognostic information regarding
recurrence risk, than merely detecting circulating CSC in
gastric cancer patients. A number of markers has been
proposed to identify circulating CSCs, including CD133,
a glycoprotein expressed on haematopoietic progenitors
(13). Pilati et al. (14) confirmed CD133 to be a marker
for circulating CSCs in patients with colorectal cancer.

However, up to now, no studies investigating prog-
nostic and biological relevance of circulating CD133*
cells in gastric cancer, have been reported. Here, we
identified CD133* cells in patients’ blood and evaluated
clinical characteristics of these patients.
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Materials and methods

Gastric cancer patient specimens

The clinical investigation was conducted according to
the principles expressed in the Helsinki Declaration of
1975. Blood samples were obtained from 36 patients
who had had no chemotherapy nor radiotherapy prior to
resection, at the Department of General Surgery, Center
Hospital of Handan, between March 2008 and Septem-
ber 2012. Blood samples from 16 consenting healthy
individuals were used as control.

Sorting of circulating CD133" cells

Cellgro Lymphocyte Separation Medium (Mediatech,
Herndon, VA, USA) was used to isolate mononuclear
cells from blood samples, according to the manufac-
turer’s instructions. A cocktail phycoerythrin-conju-
gated mouse anti-human CD133 antibody was made
according to the manufacturer’s protocol (StemCell
Technologies, Miami, FL, USA). Briefly, cells from
blood samples were suspended in PBS with 2% foetal
bovine serum and 0.5 pm EDTA, labelled with anti-
CD133 antibody cocktail and mixed using appropriate
magnetic microbeads; CD133" and CD133™ cells were
then separated magnetically. Sorted cells were seeded
on six-well plates and allowed to adhere, floating ones
being discarded. Purity of sorted cells was evaluated
using flow cytometry (Becton Dickinson, San Jose,
CA, USA).

Side population cell analysis

Adherent CDI133* and CDI133™ cells isolated from
blood samples were suspended at 1 x 10° cells/ml then
incubated at 37 °C for 60 min with 5 pg/ml Hoechst
33342 (Sigma Chemicals, St Louis, MO, USA). Control
cells were cultured in the presence of 500 um verapamil
(Sigma). Analysis and sorting was performed using a
FACS Vantage SE cytometer (Becton Dickinson). Hoe-
chst 33342 was excited by UV laser at 350 nm and flu-
orescence emission was measured at both 402446 nm
(Hoechst blue) and 640 nm (Hoechst red).

Immunofluorescence

CD133" ABCG2~ and CD133" ABCG2* cells were
stained with fluorescent nucleic acid dye 4,2-diamidino-2-
phenylindole dihydrochloride (DAPI; KeyGEN Bio-
TECH, Nanjing, China) to identify nucleate cells. They
were subsequently stained with fluorescently labelled
monoclonal antibodies against CD45 (APC) (eBioscience,
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San Diego, CA, USA) and cytokeratin 8 (CK8) (PE)
(eBioscience), to identify tumour cells.

Western blotting

Cells were lysed for protein extraction using the Total
Protein Extraction Kit (KeyGEN) according to the man-
ufacturer’s instructions. Protein concentration was mea-
sured using BCA Protein Assay Kit (KeyGEN) as
directed. Thirty micrograms of each protein were dena-
tured at 95 °C then resolved on 10% SDS-PAGE and
transferred to PVDF membranes (Millipore Corporation,
Bedford, MA, USA) using the wet transfer blotting sys-
tem (Bio-Rad, Hercules, CA, USA). Membranes were
blocked with 2.5% non-fat milk, and probed with the
appropriate antibodies; primaries against CD133 (1:200;
Millipore), ABCG2 (1:200; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) and p-actin (1:1000; Santa
Cruz), with alkaline phosphatase-conjugated IgG of the
appropriate species (1:1000; KeyGEN) as secondary.
Protein was detected using ECL Western Blotting
Analysis System (Amersham Biosciences, Piscataway,
NIJ, USA).

Real-time PCR

Total RNA was isolated from cells using RNeasy Mini
Kit (Biomed, Beijing, China). cDNA was reverse tran-
scribed with 1 pg total RNA using a TaKaRa Reverse
Transcription Kit (TaKaRa, Dalian, China) and was
amplified with the following primers. CD133 primers
were 5'-ACCGACTGAGACCCAACATC-3' (sense) and
5'-GGTGCTGTTCATGTTCTCCA-3" (antisense). ABC
G2 primers were 5'-AGCTGCAAGGAAAGATCCAA-
3" (sense) and 5'-TCCAGACACACCACGGATAA-3
(antisense). GAPDH primers were 5'-AGAAGGCTGGG
GCTCATTTG-3" (sense) and 5'-AGGGGCCATCCAC
AGTCTTC-3' (antisense) and used as an internal con-
trol. Amplification of CD133, ABCG2 and GAPDH was
performed with 1 cycle at 95 °C for 10 min, and 40
cycles of 95 °C for 15 s and 60 °C for 60 s. Calculation
of relative expression of each transcript was performed
using the 2~2°" method.

Cell proliferation

Cell Counting Kit-8 (CCK-8; Dojindo Molecular Tech-
nologies, Rockville, MD, USA) was employed to deter-
mine cell viability. In brief, 1000 cells/well were seeded
on 96-well plates and allowed to adhere. After 48 h,
10 pl of CCK-8 solution was added to each well, and
plates were incubated for 4 h; absorbance was measured
at 450 nm using a microplate reader (Bio-Rad).
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Sphere assay

Cells were plated at 6 x 10* cells/well in six-well,
ultra-low attachment plates, under serum-free, sphere-
specific conditions, described by Gibbs and colleagues
(15). Fresh aliquots of epidermal growth factor and
basic fibroblast growth factor were added daily. After
5 days culture, spheres were visible by light microscopy
(Olympus CX31; Olympus, Tokyo, Japan).

In vivo tumour study

All experiments with animals were performed according
to the guidelines of the Liaoning Medical University
Ethical Committee. Unsorted, CD133~, CDI133",
CD133" ABCG2~ or CD133* ABCG2" cells (2 x 10’
in 200 pl) were subcutaneously injected into 5- to 7-
week-old, male BALB/c mice weighing 17-20 g
(Charles River, Wilmington, MA, USA). Animals were
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kept with 12 h light/dark cycle (7 am. to 7 p.m.) at
22 °C with free access to food and water. Every 5 days
until the end of the experiment, one mouse from each
group was randomly selected to be anaesthetized, photo-
graphed and sacrificed. For each tumour, measurements
were made using callipers, and tumour volumes were
calculated as follows:

length x width? x0.52 (16).

Immunohistochemistry

Immunohistochemistry was performed on deparaffinized
5 um sections according to previous reports (17).
Briefly, deparaffinized sections were stained with the
first antibody against CD133, ABCG2 or Ki-67, as
described in the western blotting assay, by incubating
overnight at 4 °C. Secondary staining with biotinylated
secondary antibodies and tertiary staining with streptavi-
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Figure 1. Circulating CD133" cells in gastric cancer specimens. (a) Distribution of CD133* and CD133~ cells in blood samples from patients,
detected by flow cytometry. Identification of side population (SP) and main population (MP) CD133" and CD133" cells, using Hoechst 33342
exclusion assay. Control cells were cultured in the presence of 500 pwm verapamil. (b) Representative images of staining of adherent CD133" and
CD133" cells from blood of gastric cancer patients, using immunofluorescence assay. Cells were identified following immunostaining with CK,
DAPI and CD45. (c) Percentages of circulating CD133" cells were determined using fluorescence-activated cell sorting, of patients and healthy con-
trols. (d) Kaplan-Meier curves of cumulative survival rate of patients with gastric cancer based on their percentage of circulating CD133" cells.
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din—horseradish peroxidase complex (Beyotime, Beijing,
China) were performed for 60 min at room temperature.
Then, sections were counterstained with haematoxylin
(Beyotime) and mounted.

Statistical analysis

Data were analysed using GraphPad Prism 5 software
(GraphPad Software, San Diego, CA, USA) and per-
formed using one-tailed Student’s #-test (unilateral and
unpaired). Discrete variables were compared using chi-
squared testing. Kaplan—Meier survival plots were gen-
erated and comparisons between survival curves were
made using log-rank statistical analysis. P values <0.05
were considered to indicate statistically significant
differences.

Results

Circulating CD133% ABCG2™ cells from the patient’s
blood

CDI133~ and CDI133" cells in blood samples were
isolated using magnetic microbeads and sorted cells
were evaluated using flow cytometry (Fig. la). We
found that the CDI133" fraction comprised 0.4-4.1%
(mean = 1.6%) total peripheral blood mononuclear
cells in these gastric cancer patients. Higher percent-
ages of CDI133* cells were identified in 36 blood
samples from gastric cancer patients compared to
healthy controls (0.0-2.4%, mean = 0.6%) (P < 0.05,
Fig. 1c). CDI133~ and CDI133"* cells, after culture,
were labelled with Hoechst 33342 and isolated using
flow cytometry. We found that the SP fraction was
comprised of 0.03% CDI133™ cells and 0.34% of
CD133" cells, and that this population disappeared
following treatment with the selective ABCG2 trans-
porter inhibitor, verapamil (Fig. la). Immunofluores-
cence assays were performed on CDI133% ABCG2~
and CDI133" ABCG2" cells. Both CD133" ABCG2~
and CDI133" ABCG2* cells showed cytokeratin (CK)
expression but not CD45 expression (Fig. 1b). Follow-
up information was available for the 36 patients for
periods  ranging from 1 month to 5 years
(median = 32 months). In addition, we found that of
these patients with gastric cancer, presence of CDI133
cells correlated with poor prognosis, using Kaplan—
Meier analysis (P < 0.05, Fig. 1d). Results of associa-
tion of CD133* cells with patients clinicopathological
characteristics are summarized in Table 1. CD133"
cells related to tumour differentiation (P = 0.047),
lymphatic invasion (P = 0.024) and venous invasion
(P =0.031).

© 2015 John Wiley & Sons Ltd

Table 1. Relationship between CD133 cells and clinicopathological
parameters of patients with gastric cancer

Clinicopathological features ~ CD133 cells

n Low High »? P
Sex
Female 13 7 6 0.038  0.846
Male 23 13 10
Age (years)
<65 11 4 7 1.376  0.241
>65 25 16 9
Differentiation
Differentiated 17 6 11 3913 0.047
Undifferentiated 19 14 5
Lymphatic invasion
- 12 3 9 5.077  0.024
+ 24 17 7
Venous invasion
— 21 8 13 4.641 0.031
+ 15 12 3
Lymph node metastasis
- 14 7 7 0.037  0.848
+ 22 13 9
Tumour size
<4 cm 18 8 10 1.012 0314
>4 cm 18 12 6
pN category
pNO 10 5 5 0.944  0.815
pN1 8 4 4
pN2 5 2
pN3 11 6 5

x* value, chi-squared distribution.
Bold values mean the values have statistical significance (>0.05).

CDI133% ABCG2" cells displayed tumourigenic
properties in vitro and in vivo

Protein and mRNA levels of ABCG2 and CD133 were
detected using western blotting and real-time PCR respec-
tively. Expressions of ABCG2 and CD133 protein and
mRNA in CDI133" ABCG2" cells were significantly
higher than in other cells (Fig. 2a). MTT assays had been
performed to detect proliferation of unsorted, CD133",
CD133*, CD133* ABCG2™ and CD133" ABCG2" cells.
Growth curves demonstrated that CD133" ABCG2™ cells
had highest proliferation ratio compared to the other lines
(P < 0.05, Fig.2b). CD133~ and CDI133" ABCG2~
lines almost lost proliferation ability (P < 0.05, Fig. 2b).
After 5 days culture, sphere clusters were clearly
observed in CD133* ABCG2" cultures, while the other
lines did not form spheres (Fig. 2c¢).

Furthermore, we found that unsorted, CD1337,
CD133*, CD133" ABCG2~ and CD133* ABCG2" cells
all had their ability to transfer growing tumour cells to
immunocompromised mice (Fig. 3a). As shown in
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mice was 1.8- to 4.3-fold more than the other cell
injected animals (P < 0.05). However, tumour volume
of CD133™ or CD133* ABCG2 -injected mice showed
no significant changes from beginning to end of the
experiment. Accordingly, survival rate of
CD133" ABCG2*-injected mice was significantly lower
than mice bearing tumours formed from the other lines
(P < 0.05, Fig. 3c). Results of immunohistochemistry
showed that both CDI133" cells and ABCG2" cells
regenerated positive and negative populations (Fig. 3d).
Ki-67 immunohistochemical staining showed higher
Ki-67 positivity in tissues of CD133" ABCG2*-injected
mice than in others (Fig. 3d).

In this study, we identified CD133* ABCG2" cells in
peripheral blood of patients with gastric cancer, by
immunomagnetic selection or flow cytometry, on the
basis of CD133 and ABCG2 expression. We demon-
strated that presence of circulating CD133" cells corre-
lated with survival of these patients. In addition, sorted
CD133" ABCG2* cells displayed tumourigenic proper-
ties in vivo and in vitro.

The CD133 molecule is expressed by numerous types
of stem cell, including haematopoietic stem cells, endo-
thelial progenitor cells and CSCs (17-19). Haematopoiet-
ic stem cells (identified as CD133* CD34* CD45") have
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Figure 3. CD133* ABCG2* cells displayed
tumourigenic properties in vivo. (a) Macro-
scopic appearance of subcutaneous tumours
in each group, as described in the Materials
and methods section. (b) Tumour volume of
each group. (c) Kaplan—Meier survival curves
of the groups. (d) Immunohistochemical stain-
ing of resected tumour tissues from each
group using CD133, ABCG2 and Ki-67 anti-
bodies. Bound antibody detected with DAB
appears brown.
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been found in peripheral blood of patients with lung
cancer (19). Discoveries of Nadal er al. (20) also
suggested CD133 expression in circulating tumour cells
to be a promising marker of chemoresistance in breast
cancer patients. Based on results of previous studies and
those of our own, circulating CD133" cells may be used
as a potential biomarker in patients with cancer. How-
ever, CD133 is not a specific biomarker for circulating
cancer cells. Thus, we used a further marker, ATP-bind-
ing cassette super family G member 2 (ABCG2). ABCG2
has the capacity to export many cytotoxic drugs from
cells and it is up-regulated in SP cells (21). Previous
studies have shown that the SP is enriched in primitive
and CSCs (22-24). To the best of our knowledge, primi-
tive progenitor cells expressing CD133 and ABCG2 are
rare. Furthermore, we found that circulating CD133* cells
were related to tumour differentiation, lymphatic invasion
and venous invasion. Nakamura et al. (25) found that
CD133™ cells have enhanced invasive capacity as they
elevate MMP expression and Ding et al. (26) found that
CD133 facilitates epithelial-mesenchymal transition lead-
ing to invasion and metastasis of pancreatic cancer cells.
Combined with previous studies, we infer that
CD133" ABCG2" cells sorted in our study, were mainly
cancer cells.

In conclusion, this study confirmed for the first time,
existence of CD133" ABCG2" cells in peripheral blood
of patients with gastric cancer. Additionally, we demon-
strated that circulating CD133" ABCG2* cells could
potentially be used as biomarker of tumour spread. Our
in vitro and in vivo experiments demonstrated that
CD133" ABCG2* cells have well-known CSC charac-
teristics; however, our study has some limitations. First,
we could not entirely confirm CD133" ABCG2* cells
are cancer cells and second, larger patient samples
would be needed to confirm percentages of
CD133" ABCG2" cells in future study.
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