
Abstract. Background/Aim: CD133 is an important, but not
exclusive, biomarker of colorectal cancer (CRC) stem cells.
Materials and Methods: In order to identify other CRC stem
cell-specific genes, we performed a comparative expression
profiling of CD133+ and CD133– cell populations in primary
and metastatic tumors from four patients with CRC. CD133+

and CD133– CRC cells were isolated using MagSweeper and
used for whole-transcriptome analysis with RNA-Seq. Results:
We found that in CD133+ cells, 17 genes (RNASE2, PRB2, IL4,
MGC27382, CLEC4C, SALL3, GIMAP1, ISG15, LOC728875,
ZIK1, ICAM2, CCDC7, CDYL2, LRRC2, ZEB1, OSTF1 and
CCDC144B) were significantly up-regulated compared to
CD133– CRC cells. Among them, IL4 has been known as an
inducer of survivin implicated in the survival and proliferation
of cancer cells. However, the prognostic value of survivin in
CRC is controversial. We evaluated survivin expression in

formalin-fixed paraffin-embedded tumor samples of 188 patients
with CRC by immunohistochemistry. Survivin over-expression
was detected in 85 patients (45.2%) and was significantly
associated with primary tumor sites (p=0.028), lymph node
metastasis (p=0.029) and advanced III/IV CRC stages (AJCC
7; p=0.001). Furthermore, survivin up-regulation correlated
with reduced disease-free survival (DFS; p=0.021) and overall
survival (OS; p<0.000) and was proved to be an independent
prognostic factor for both DFS and OS in multivariate analysis.
Conclusion: Our data suggest that CD133+ CRC stem cells
have a distinct expression pattern and that survivin, up-
regulated by differentially expressed IL-4, is a candidate
biomarker for the prediction of recurrence and survival in CRC. 

Colorectal cancer (CRC) is the fourth most common cancer
in men and the third most common cancer in women
worldwide (1-3). Although progress has been made in CRC
treatment over the last several years (4-6), the mortality rate
remains very high. Thus, in South Korea, the overall five-
year survival for patients with CRC is approximately 70%;
for those with advanced CRC it is less than 10%. There is
increasing evidence that a small population of tumor cells
with stem cell-like properties is responsible for tumor
initiation, progression and recurrence. These cells are
capable of proliferation, self-renewal and differentiation into
other cell types, while the dysregulation of their dynamics is
implicated in cancer progression and metastasis (7-10). 

CD133, a pentaspan transmembrane protein, is one of the
biomarkers used to identify and isolate stem cells from cancer
tissues, including those of CRC (7, 8, 11, 12). A previous
study showed that a CD133+ cell sub-population in CRC can
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initiate xenograft tumors in immunodeficient mice; however,
CD133-deficient cells are also capable of tumorigenesis,
suggesting that CD133 is not the only molecule responsible
for the tumor-initiating stem cell phenotype in CRC (13).
Therefore, expression profiling of CD133+ and CD133–
intestinal stem cells should help in the accurate definition of
carcinogenic stem cell population in CRC. Given that cancer
stem cells are resistant to conventional chemoradiotherapy,
the characterization of CRC-initiating stem cells could
suggest a novel therapeutic approach that specifically targets
this cell group. 

CRC stem cells are known to acquire resistance to death
stimuli through the autocrine production of interleukin-4 (IL-
4) (14, 15). IL-4 induction results in the activation of the
signal transducer and activator of transcription 6 (STAT6)
(16) shown to regulate the expression of genes involved in
the suppression of apoptosis and promotion of metastasis
(17, 18). Survivin is a member of the inhibitor of apoptosis
(IAP) family implicated in the regulation of cell division and
expressed in fetal tissues and human cancers (19-21). IL-
4/STAT6 activation causes the up-regulation of survivin
expression in CRC stem cells (15, 22), suggesting that
survivin contributes to apoptosis resistance of CRC stem
cells. This notion is supported by several reports showing
that survivin expression correlates with poor survival of
patients with several types of malignancies including non-
small cell lung, breast and gastric cancers (23-26). However,
the data on the role of survivin as a stem cell marker in CRC
prognosis are controversial. 

Molecular profiling of rare cells is important in
biological and clinical studies. MagSweeper technology,
based on immunomagnetic separation, is used for the
purification of rare cells, including stem cells present in a
mixed population; it is an efficient technique to isolate
highly enriched populations of rare cells (27, 28) without
compromising gene expression (29). The advanced
technologies of targeted isolation and comparative genomic
analysis of small cell populations provide an opportunity
for the development of more personalized approaches to
target specific genes and signaling pathways involved in
cancer progression. 

In the present study, we used the MagSweeper technique
and high-throughput RNA expression analysis to assess the
difference in expression profiles between CD133+ and
CD133– CRC stem cells. Furthermore, we evaluated the
impact of IL-4-regulated survivin on cancer recurrence and
survival in 188 patients with CRC. 

Materials and Methods
Ethics statement. The Institutional review board of the Samsung
Medical Center approved the process of acquiring tissue samples
from patients with CRC. All study participants provided a written
informed consent also approved by the Institutional review board. 

Patients and sample collection. The patients participated in this
study had advanced stages of CRC and all specimens were collected
before chemotherapy or radiotherapy. For the purification of
CD133+ and CD133– CRC cells by the MagSweeper method, the
specimens were obtained from four patients with CRC, including a
primary tumor sample from one patient, metastatic tissue sample
from another patient and both primary and metastatic tumor samples
from the other two patients. Survivin expression was analyzed by
immunohistochemistry (IHC) in 188 CRC tissue samples. All
samples were characterized by the patient’s age at diagnosis, gender,
primary site, operation, cancer stage, pathological differentiation,
lymphovascular and perineural invasion and adjuvant therapy. All
hematoxylin and eosin-stained slides were examined and
representative paraffin blocks were selected for further studies. 

Cell isolation using MagSweeper. Streptavidin-coated MyOne
magnetic beads (Life technologies, Carlsbad, CA, USA) were
functionalized by biotinylated CD133 antibodies. Tumor cell
suspensions were incubated with the functionalized beads for 30 min
at 4˚C and the magnetically-labeled CD133+ cells were purified using
the MagSweeper technology; CD133+ and CD133– cells were counted
under an inverted light microscope (Olympus, Center Valley, USA).
To confirm the purity of the isolated cells, an aliquot of CD133+
population was stained by a CD133-specific antibody and analyzed by
fluorescence microscopy (Olympus, Center Valley, PA, USA). 

RNA-Seq and data-analysis. Total RNA was isolated from CD133+
and CD133– CRC cells of each specimen and reverse transcribed
using the SMARTer Ultra Low Input RNA for Illumina Sequencing
kit (Clontech, Mountain View, CA, USA). cDNA was amplified
using the Advantage 2 PCR kit (Clontech) for 18-25 cycles prior to
the conversion into an Illumina-compatible DNA sequencing library
using the Nextera DNA Sample Prep Kit (Illumina, Hayward, CA),
which was amplified by 12 cycles of PCR. Libraries were quantified
by using a BioAnalyzer (Agilent, Waldbronn, Germany) and by
qPCR using a KAPA SYBR Green PCR kit (Kapa Biosciences,
Foster City, CA) and an Illumina ECO qPCR system. Paired end
flow cells were prepared using 8 pM of Nextera library per lane on
a cBot (Illumina) and sequenced using single 50-bp reads on an
Illumina GAIIx instrument. The Bowtie and NEUMA programs
were used for mapping and quantification, respectively, of RNA-Seq
(30, 31). After replacing 0 values with 0.001, the read values were
log-transformed and 21,225 genes and six CD133-paired samples
were included for further statistical analysis. 

Statistic tests for clustering. For each patient, CD133+ and CD133–
sites were indexed as k=1 and k=2, respectively. For each gene, χkij
denoted the expression level from the sample of site j(=1,…mj) of
patient i(=1,…n) with CD133 outcome, k(=1,2), where mj=1 or 2
depending on whether patient had only primary tumor or both
primary and metastatic sites. 

mi denoted the total number of sites from n patients; in our dataset,
n=4 and M=6. 

Let μk=E(χkij) Under  H0: μ1=μ2,

is approximately N(0,1) where 
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,
refer to Liang and Zeger. For each gene, a two-sided p-value was
calculated from the N(0,1) distribution. 

Survivin detection using immunohistochemistry. Immunohisto-
chemistry (IHC) was performed on formalin-fixed, paraffin-
embedded, 4-μm-thick tissue sections. The sections were
deparaffinized three times in xylene for a total of 15 min,
rehydrated and antigen retrieval was carried out in ER2 buffer at
97˚C for 20 min. After blocking the endogenous peroxidase
activity with 3% hydrogen peroxidase for 10 min, the slides were
incubated with a rabbit monoclonal antibody against survivin
(1:5,000; Abcam, Cambridge, UK) for 15 min at room
temperature. Immunostaining was analyzed by a Bond-max
autoimmunostainer (Leica Biosystems, Melbourne, Australia) with
the Bond™ Polymer refine detection system (Vision Biosystems,
Melbourne, Australia). Staining for survivin was considered
positive when more than 90% of tumor cells showed strong
nuclear reactivity. 

Statistical analysis. Correlations between survivin expression and
clinicopathological parameters were analyzed using the Kruskal-Wallis
test. Disease-free survival (DFS) and overall survival (OS) were
analyzed by the Kaplan-Meier estimation and log-rank testing. The
Cox proportional hazards model was used for the multivariate analysis
to assess the independent effects of survivin and to obtain hazard ratio
(HR) estimates. p<0.05 values were considered significant. 

Results

Isolation of CD133+ and CD133– CRC cells. CD133+ and
CD133– CRC cells were isolated in six tumor specimens of
four patients with CRC by the MagSweeper technique. Table
I shows the total numbers of CD133+ and CD133– cells

isolated in each specimen. There was a significant variation
in the percentage of CD133+ cells among patients and within
a patient depending on the site of tissue collection. Thus, in
CRC tissues, patient 2 had 27.3% of CD133+ cells, whereas
in the liver it was only 6.0%. For each specimen, RNA
extracted from the purified CD133+ and CD133- CRC cell
populations was used for gene expression profiling. 

Gene-expression profiles in CD133+ and CD133– CRC cells.
To determine the specific difference between CD133+ and
CD133– stem cell phenotypes in CRC, the expression profiles
were compared in these two cell populations. The expression
of 21,225 genes was analyzed for paired CD133+/CD133–
cells in six CRC specimens and an unsupervised clustering
analysis was performed (Figure 1). We identified 17 genes
that were significantly over-expressed in CD133+ compared
to CD133– CRC cells (Table II): RNASE2, PRB2, IL4,
MGC27382, CLEC4C, SALL3, GIMAP1, ISG15,
LOC728875, ZIK1, ICAM2, CCDC7, CDYL2, LRRC2, ZEB1,
OSTF1 and CCDC144B. Among them, the expression of IL4
in CD133+ cells exceeded that in CD133– CRC cells by 43-
fold. Given that the IL-4-survivin pathway has been
associated with “stemness” in CRC in a previous study
(REF), we next investigated survivin as a potential biomarker
of CD133+ CRC stem cells. 

Survivin expression in CRC. Survivin expression was
evaluated in 188 patients with CRC (114 male and 74 female
patients; median age=59 years, range=28-84 years). Among
these patients, 23 (12.2%), 79 (42.0%), 83 (44.1%) and 3
(1.6%) had stages I, II, III, and VI CRC, respectively, of well-
to-moderate (171; 91.0%) to poor (11; 9.0%) differentiation.
Three stage IV patients had CRC with resectable liver
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Table I. Isolation of CD133+ stem cells and CD133– cells in tumor specimens of four patients with colon cancer. 

Patient Specimen Site Cell type+ # of isolated cells (% of total cells) RNA, pg/μl RIN++

1 A Colon CD133+ 24,600 (1.98%) 3,083 5.3
A Colon CD133– 1.24×106 (98.0%) 32,836 4.6

2 B Colon CD133+ 250,000 (27.3%) 12,632 6.9
B Colon CD133– 665,000 (72.7%) 25,658 6.8
C Liver CD133+ 7,380 (6.0%) 465 8.6
C Liver CD133– 115,800 (94.0%) 1,800 8

3 D Liver CD133+ 26,760 (24.1%) 3,495 7.6
D Liver CD133– 84,320 (75.9%) 4,402 7.5

4 E Liver CD133+ 46,400 13,915 4.9
E Liver CD133– ND+++ 1,380 3.6
F Colon CD133+ 833,000 21,214 2.1
F Colon CD133– ND+++ 51,878 4.8

Cell type+ : CD133, a pentaspan transmembrane protein, is one of the biomarkers used to identify and isolate stem cells. Expression profiling of
CD133+ and CD133– intestinal stem cells should help in the accurate definition of carcinogenic stem cell population. Thus, we conducted the
purification of CD133+ and CD133– CRC cells by the MagSweeper method. RIN++: Relative intensity noise; ND+++: no difference



metastasis and were subjected to curative surgery for primary
and metastatic disease. The clinicopathological characteristics
of all 188 patients are summarized in Table III. Survivin over-
expression (+) was observed in 85 of 188 patients (45.2%).
The analysis of survivin association with clinicopathological
features (Table IV) indicates that survivin expression
significantly correlated with primary tumor location
(p=0.028), lymph node metastasis (p=0.029) and CRC stage
(AJCC 7; p=0.001). 

Survivin as a biomarker for CRC survival. The Kaplan-Meier
survival analysis showed a strong correlation of survivin

expression with a shorter disease-free (DFS) and overall
(OS) survival. Univariate analysis indicated that survivin
expression, poor differentiation, perineural invasion, stage
III/IV, lymph node metastasis and absence of adjuvant
chemotherapy were associated with shorter DFS and OS.
Multivariate analysis showed that survivin expression
(p=0.039), perineural invasion (p<0.001) and lymph node
metastasis (p=0.032) were independent factors associated
with shorter DFS (Table V), whereas survivin positivity
(p=0.001), perineural invasion (p=0.024) and lymph node
metastasis (p=0.019) were independent factors associated
with shorter OS (Table VI). 
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Figure 1. Unsupervised clustering of over-expressed genes of CD133+ CRC stem cells and CD133– CRC cells isolated from tumor specimens. Red
indicates high gene expression, green indicates low expression and black represents undetectable expression. 



Discussion

In the present study, we generated expression profiles and
identified some functional roles of stem cells in CRC. We
found that a number of genes such as RNASE2, PRB2, IL4,
MGC27382, CLEC4C, SALL3, GIMAP1, ISG15, LOC728875,

ZIK1, ICAM2, CCDC7, CDYL2, LRRC2, ZEB1, OSTF1 and
CCDC144B had higher levels in CD133+ CRC stem cells than
in the CD133– CRC population. Among these genes, IL4 has
been known as a positive regulator of survivin, a biomarker of
an anti-apoptotic stem cell-like phenotype, which, in this
study, was found to be strongly associated with more
aggressive stage (III/IV CRC (p=0.001)) characterized by
lymph node metastasis (p=0.029). Univariate and multivariate
analyses revealed that survivin expression was an independent
prognostic factor for both DFS and OS. 

Recent studies have shown that a small population of
stem-like cells, capable of proliferation and self-renewal, is
responsible for the initiation and progression of various
cancer types (7, 8), as well as tumor metastasis and
resistance to chemotherapy and radiotherapy (9, 10). CD133
has been recently proposed as an important biomarker of
colon cancer stem cells (11); however, CD133 expression
does not identify the entire population of tumor-initiating
cells in CRC. In order to comprehensively characterize the
CRC stem cell phenotype, we generated and compared gene
expression profiles of CD133+ and CD133– cells by using
whole-transcriptome RNA-Seq technology. The isolation of
CD133+ CRC stem cells from surgical specimens is a
challenge because the CD133+ population in CRC is very
small. To circumvent this obstacle, we used MagSweeper, an
advanced technology based on targeted immunomagnetic
separation of rare cells with high specificity (27). Previous
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Figure 2. Kaplan-Meier survival curves, (a) disease-free survival (DFS) and (b) overall survival (OS) of CRC patients grouped by survivin IHC (+)
vs. (–) in tumors.

Table II. Over-expressed genes in CD133+ CRC stem cells compared
CD133- CRC cells. 

Gene CD133+/CD133– p-Value

RNASE2 72.70099725 0.048420
PRB2 54.55540435 0.046148
IL4 43.39681781 0.048117
MGC27382 41.22208847 0.048813
CLEC4C 33.61472446 0.049885
SALL3 12.20775521 0.047040
GIMAP1 2.631257353 0.048386
ISG15 2.58993722 0.047912
LOC728875 2.570179295 0.049064
ZIK1 2.460144298 0.049679
ICAM2 2.202982747 0.049983
CCDC7 2.037760934 0.049842
CDYL2 1.928558409 0.047289
LRRC2 1.797329416 0.049586
ZEB1 1.695654578 0.048771
OSTF1 1.673160169 0.047749
CCDC144B 1.650920162 0.049044



studies have shown that MagSweeper can be reliably used to
extract circulatory tumor cells from the blood of cancer
patients (32) and does not significantly alter gene expression
(29). By using MagSweeper, herein we could effectively
separate CD133+ and CD133– populations of CRC cell in
each surgical specimen and generate transcriptome profiles
by RNA-Seq to identify differentially expressed genes. 

The survivin gene, located in chromosome 17q25, is a
member of the IAP family expressed predominantly in fetal
tissue but is also found in many common tumors, including
colon cancer (33). Survivin is implicated in multiple
signaling networks essential for tumor progression and
metastasis, including cell division and stress response
pathways (34). In CRC stem cells, survivin has been shown
to be up-regulated by IL-4 (15) and suggested as one of CRC
stem cell biomarkers. Our comprehensive transcriptome

analysis by RNA-Seq showed that CD133+ CRC stem cells
over-expressed IL-4, which could induce survivin up-
regulation previously demonstrated in CRC stem cell. These
observations suggest a potential prognostic value of survivin
expression in patients with CRC. Indeed, our results indicate
that survivin over-expression appeared to be a significant
independent predictive factor for tumor recurrence and
overall survival of patients with CRC and could be used as a
molecular target for anti-cancer therapies in CRC. 

By using RNA-Seq transcriptomic analysis, we also
identified other potential biomarkers of CRC stemness.
However, the comprehensive characterization of a tumor-
initiating cell population in CRC requires additional analysis
of all genetic aberrations, including mutations and
translocations, as well as gene interactions, which could
significantly contribute to stem cell-like CRC phenotyping
but cannot be assessed by RNA-Seq analysis. In our future
studies, we plan to analyze CD133+ and CD133– cells by
whole-genome sequencing, which will help to further
elucidate functional mechanisms involved in cancer
promotion by stem cells. Another limitation of this study is
the small sample size: only six specimens from four patients
with CRC were used in the RNA-Seq analysis, which is
likely to be a confounding factor in data interpretation. 

In conclusion, we identified the genes, including IL4, that
were up-regulated in the CD133+ CRC stem cell population
compared to CD133– CRC population. Moreover, survivin,
known to be positively regulated by IL-4, was found to have
an independent prognostic value for tumor recurrence and
survival of patients with CRC. Complete genetic
characterization of CRC stem cells may be fundamentally
important for the development of individualized approaches
to the treatment of patients with CRC. 
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Table III. Baseline characteristics of CRC patients (N=188). 

Characteristic Number (%)

Age (years)
Median (range) 59 (28-84)
Gender

Male 114 (60.6)
Female 74 (39.4)

Primary site 
Colon 107 (56.9)
Rectum 81 (43.1)

Operation
Hemicolectomy 55 (29.3)
Low anterior resection 51 (27.1)
Anterior resection 47 (25.0)
Mile’s operation 27 (14.4)
Others 8 (4.3)

Pathologic stage
I 23 (12.2)
II 79 (42.0)
III 83 (44.1)
IV 3 (1.6)

Gross type
Ulceroinfiltrative 167 (89.9)
Fungating 21 (10.1)

Differentiation
Well to moderately differentiated 171 (91.0)
Poorly differentiated 11 (9.0)

Lymphovascular invasion 
Positive 26 (13.8)
Negative 162 (86.2)

Perineural invasion
Positive 4 (2.1)
Negative 184 (97.9)

Adjuvant treatment 
Chemotherapy alone 82 (43.6)
Radiotherapy alone 0 (0.0)
Both chemotherapy and radiotherapy 52 (27.7)
None 54 (28.7)

Table IV. Correlation between survivin expression and
clinicopathological parameters in CRC patients (N=188).

Survivin IHC+
positivity

Age ( ≥60 vs. <60, years) 0.6432
Gender (Male vs. Female) 0.4549
Tumor location (Rectum vs. Colon) 0.0285
Pathologic differentiation (Well/Moderate vs. Poor) 0.0561
Lymphovascular invasion (Yes vs. No) 0.3532
Perineural invasion (Yes vs. No) 0.6295
Stage (AJCC 7) (I/II vs. III/IV) 0.0010
Depth of invasion (pT2 vs. pT3 vs. pT4) 0.2815
Lymph node metastasis (pN0 vs. pN1 vs. pN2) 0.0293
Distant metastasis (M0 vs. M1) 0.2358
Adjuvant chemotherapy (Yes vs. No) 0.8090
Adjuvant chemoradiotherapy (Yes vs. No) 0.4327

IHC+: Immunohistochemistry 
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