
Abstract. CD133 has been reported to be a cancer stem cell
marker in colorectal cancer (CRC). The aim of this study was
to examine the frequency and pattern of CD133 expression
by immunohistochemical methods and evaluate their cor-
relation with clinicopathological features, including patient
survival (PS) and recurrence. Tissue specimens of 151 CRC
patients who underwent surgical treatment for well-diffe-
rentiated/moderately differentiated adenocarcinoma and stage
I-IV tumors (TNM classification) were immunostained for
analyzing CD133 expression. The frequency of CD133
expression was 91.4% (138/151), and the pattern of expression
was divided into membranous and cytoplasmic expression.
Of the 151 patients, 136 (90.1%) showed membranous
expression, whereas 44 (29.1%) showed cytoplasmic
expression. Both expression patterns were seen in 42 (27.8%)
patients. The frequency of CD133 overexpression (>50% of
stained cells) was 27.2% (41/151); univariate analysis showed
CD133 overexpression to be significantly associated with
PS, but not recurrence, and multivariate analysis indicated
it to be an independent prognostic factor. Multivariate analysis
showed membranous overexpression (>50% of stained tumor
cells on the membrane), which significantly correlated with
histology and chemoresistance of recurrent and stage IV
tumors, to be an independent prognostic factor for PS and
recurrence. However, multivariate analysis did not indicate
cytoplasmic expression, which significantly correlated with
histology, lymph node metastasis, TNM stage and lymphatic

invasion, as an independent prognostic factor for PS and
recurrence. Our results demonstrated that evaluation of
the frequency and pattern of CD133 expression is useful
for predicting prognosis, recurrence, and chemosensitivity
in CRC patients.

Introduction

Colorectal cancer (CRC) is one of the most common types
of cancer in the world (1). Although surgery is a common
treatment option for CRC, a previous study reported the
recurrence rate after curative surgery to be 17.3% and an
overall 5-year survival rate of surgically treated CRC patients
to be 69.9%, with that of stage IV patients to be 13.2%
(2). Despite the recent advances in systemic chemotherapy
drugs such as camptothecin (CPT-11), oxaliplatin, cetuximab,
panitumumab, and bevacizumab, recurrence after surgery
is a major problem and often the cause of death (3-6).

For many years, it has been thought that all cancer cells
have the ability of tumorigenic growth. However, recent
evidence has shown the existence of a small population of
cancer cells that are tumorigenic and have the ability of
self-renewal, and these cells are termed ‘cancer stem cells’
(7). The first evidence came from a study of human acute
myeloid leukemia in 1997 (8). Currently, different approaches
[expression of surface markers (9,10), sphere formation
(10-12), and isolation of side-population cells on the basis
of efflux of Hoechst 33342 dye (13,14)] are used for the
isolation of cancer stem cells. From the concept of cancer
stem cells, it is considered that all cancer cells differentiate
from cancer stem cells, and the latter are the cause of meta-
stasis, resistance against treatment (chemotherapy and radio-
therapy), and recurrence (7,15).

CD133 is a member of the family of 120-kDa transmem-
brane glycoproteins and considered to be a hematopoietic
stem cell marker mainly expressed in the bone marrow, fetal
liver, umbilical-cord blood, and peripheral blood before
or after mobilization (16). However, this protein has been
identified as a potential cancer stem cell marker in the brain

ONCOLOGY REPORTS  24:  1201-1212,  2010

Frequency and pattern of expression of the stem cell marker
CD133 have strong prognostic effect on the surgical

outcome of colorectal cancer patients

SHUSAKU TAKAHASHI1,  TOSHIYA KAMIYAMA3,  UTANO TOMARU4,  AKIHIRO ISHIZU6,

TOSHIYUKI SHIDA2,  MINEJI OSAKA2,  YUTAKA SATO2,  YUTAKA SAJI1

MICHITAKA OZAKI5 and SATORU TODO3

Departments of 1Surgery, and 2Pathology, Tomakomai City Hospital, 1-5-20 Shimizu-machi, Tomakomai 053-8567,

Hokkaido; Departments of 3General Surgery, 4Pathology, 5Molecular Surgery, and 6Faculty of Health Science, 

Hokkaido University Graduate School of Medicine, North 15, West 7, Kita-ku, Sapporo, 060-8638, Hokkaido, Japan

Received June 11, 2010;  Accepted July 29, 2010

DOI: 10.3892/or_00000973

_________________________________________

Correspondence to: Dr Shusaku Takahashi, Department
of Surgery, Tomakomai City Hospital, 1-5-20 Shimizu-machi,
Tomakomai 053-8567, Hokkaido, Japan
E-mail: shusaku@poppy.ocn.ne.jp

Key words: CD133, cancer stem cell, colorectal cancer, prognosis

1201-1212.qxd  24/9/2010  08:10 Ì  ™ÂÏ›‰·1201



(17), colon (9,10), prostate (18), and pancreas (19). Although
the biological function of CD133 remains largely unknown
(16), the percentage of CD133-positive cancer stem cells
clinically correlates with tumor aggressiveness (17) and poor
prognosis (20,21).

In CRC, CD133 is considered to be the most important
surface marker of cancer stem cells because subpopulations
of CD133-positive colon cancer cells have shown increased
tumorigenic potential in transplantation studies in vitro
and in vivo (10,11). Thus far, some studies have reported a
correlation between the frequency of CD133 expression and
clinicopathological features, including patient survival (PS),
by using clinical samples of CRC (22,23). However, there
are only a few reports on the clinical significance of the
pattern of CD133 expression (membranous or cytoplasmic).

The aim of this study was to examine CD133 expression
in surgical specimens of CRC by immunohistochemical
methods, to evaluate the correlation of the frequency
and pattern of CD133 expression with clinicopathological
features, and to determine the prognostic significance of
the frequency and pattern of CD133 expression.

Materials and methods

Patients and follow-up. Between January 2001 and
December 2007, 175 consecutive patients with primary
CRC were surgically treated at Tomakomai City Hospital.
Of these, 151 patients who underwent surgical treatment
for well-differentiated/moderately differentiated adenocarci-
noma and stage I-IV tumors [tumor-node-metastasis (TNM)
classification] were enrolled in this study. Stage 0 (Tis),
multiple CRC, and multiple primary cancer patients were
excluded from the study because of difficulties encountered
in the evaluation of PS and recurrence. None of the patients
received any preoperative therapy, but most of the stage II-
IV patients received adjuvant chemotherapy. All the patients
were followed up, at least, every 3-6 months by computed
tomography and measurement of serum levels of tumor
markers [carcinoembryonic antigen (CEA) and carbohydrate
antigen (CA19-9)] and every 1-2 years by colonoscopy for
PS and recurrence-free survival (RFS). Recurrence was
defined as initial tumor recurrence. Metastasis or local recur-
rence was considered on evidence of tumor relapse. Only
deaths due to CRC were included in the survival analysis.

Pathological and immunohistochemical analyses. Tissue
specimens obtained from the patients were fixed in 10%
formalin, embedded in paraffin, and cut into 4-μm-thick
sections. Subsequently, they were stained with hematoxylin
and eosin (H&E). Tumor grade and stage were defined
according to the TNM classification. The most representative
sections were carefully selected and used for immunohisto-
chemical analysis. Immunohistochemical staining for CD133
expression was performed on a Ventana Bench Mark XT
autostainer with ultraView universal diaminobenzidine (DAB)
detection kit (Ventana Medical Systems, Inc.). In brief, the
sections were deparaffinized, washed, and immersed in
citrate buffer (0.01 M, pH 6.0) for antigen retrieval. Endo-
genous peroxidase activity was blocked with 3% hydrogen
peroxide, and the slides were rinsed and treated with a

blocking solution to prevent non-specific staining. The
sections were then incubated with a CD133-specific rabbit
polyclonal antibody (rabbit anti-human polyclonal CD133;
dilution, 1:200; ab19898; Abcam, Cambridge, UK) for 45 min.
After brief buffer washes, the sections were treated with
biotinylated anti-rabbit immunoglobulin G (IgG) for 30 min,
washed, and then incubated with avidin-biotin-peroxidase
complex for 30 min. Thereafter, the sections were rinsed,
developed with DAB and hydrogen peroxide, rinsed with tap
water, and then counterstained with hematoxylin. Specificity
of the antibodies was confirmed in parallel negative-control
sections by omitting the primary antibody for each immuno-
histochemical procedure. Histopathological examination was
independently performed by 2 pathologists (U.T. and A.I.).

Statistical analysis. Clinicopathological data and CD133
expression were statistically analyzed using the ¯2 and Student's
t-tests. PS and RFS were calculated using the Kaplan-Meier
method, and the resulting curves were compared by the log-
rank test. Prognostic factors were analyzed univariately and
multivariately (Cox's proportional hazards regression model).
A P-value of <0.05 was considered statistically significant.
Statistical analysis was performed and graphical presentation
was prepared using the Ekuseru-Toukei 2008 software for
Windows (Social Survey Research Information Co., Ltd.,
Tokyo, Japan).

Results

Clinicopathological findings. Clinicopathological data of
the 151 patients are provided in Table I. The mean age of
the patients was 67.1 years (range, 33-89 years). The patients
comprised 89 men and 62 women. The pathological diag-
nosis was well-differentiated adenocarcinoma in 59 patients
and moderately differentiated adenocarcinoma in 92 patients.
According to the TNM classification, 28 patients were in
stage I, 45 in stage II, 41 in stage III, and 37 in stage IV (liver
metastasis in 26 patients). Lymphatic invasion was observed
in 113 patients, and vascular invasion in 81 patients.

Follow-up. The median follow-up period was 41 months
(range, 3-98 months). Of the 151 patients, 45 (29.8%) died.
The causes of death were: CRC (n=38), other cancers (n=4),
and other diseases (n=3). Of the 114 stage I-III patients
who underwent curative surgery, 27 (23.7%) showed
recurrence during the follow-up period.

Immunohistochemical findings of CD133 expression. CD133
expression in tumor cells was observed on the cell membrane
as apical membranous staining and in the cytoplasm as a
strong dotty or uniform pattern (Fig. 1). Of the 151 patients,
138 (91.4%) were positive for CD133, the expression of which
was observed on the membrane and/or in the cytoplasm,
whereas 13 (8.6%) were negative for CD133. With regard to
CD133 expression, the patients were divided into 2 categories:
i) those with none or ≤50% of stained tumor cells in the
entire tumor area were defined as ‘CD133 overexpression
negative’; and ii) those with >50% of stained tumor cells in
the entire tumor area were defined as ‘CD133 overexpression
positive’ (Fig. 2). Of the 151 patients, 41 (27.2%) were
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CD133 overexpression positive and 110 (72.8%) were CD133
overexpression negative (Table III). When CD133 expression
pattern was analyzed separately on the basis of staining
results, i.e., membranous and cytoplasmic staining (Fig. 1),
membranous expression was observed in 136 (90.1%) patients
and cytoplasmic expression in 44 (29.1%) patients. In 42
(27.8%) patients, CD133 expression was observed both on
the membrane and in the cytoplasm. Only membranous
expression without cytoplasmic expression was observed in
94 (62.3%) patients, and only cytoplasmic expression without
membranous expression was observed in 2 (1.3%) patients
(Table II). The CD133-expressing tumor cells were divided
into 2 categories on the basis of distribution of expression:
i) those showing membranous and cytoplasmic CD133
expression in separate areas (Fig. 3A-C) and ii) those
showing membranous and cytoplasmic CD133 expression
in the same areas (Fig. 3D-F).

Correlation between CD133 overexpression and clinico-
pathological features. As shown in Table III, there was
no significant correlation of CD133 overexpression with
age, sex, tumor size, tumor location, histology, TNM classi-
fication, liver metastasis, lymphatic invasion, or vascular
invasion.
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Table I. Clinicopathological findings.
––––––––––––––––––––––––––––––––––––––––––––––––
Characteristics
––––––––––––––––––––––––––––––––––––––––––––––––-
No. of patients n (%) 151 (100)
–––––––––––––––––––––––––––––––––––––––––––––––––
Age
Year (mean ± SD) 67.1±10.4

Sex
Male 89 (58.9)
Female 62 (41.1)

Tumor size
mm (mean ± SD) 48.5±24.9

Tumor location
Colon 99 (65.6)
Right 52 (34.4)
Left 47 (31.1)
Rectum 52 (34.4)

Histology
Well 59 (39.1)
Mod 92 (60.9)

TNM parameter (T)
T1 17 (11.3)
T2 21 (13.9)
T3 76 (50.3)
T4 37 (24.5)

TNM parameter (N)
N0 79 (52.3)
N1 44 (29.1)
N2 28 (18.6)

Liver metastasis
Absent 125 (82.8)
Present 26 (17.2)

TNM parameter (M)
M0 114 (75.5)
M1 37 (24.5)

TNM stage
I 28 (18.5)
II 45 (29.8)
III 41 (27.2)
IV 37 (24.5)

Lymphatic invasion
Absent 38 (25.2)
Present 113 (74.8)

Vascular invasion
Absent 70 (46.4)
Present 81 (53.6)

–––––––––––––––––––––––––––––––––––––––––––––––––
SD, standard deviation; well, well-differentiated adenocarcinoma;
mod, moderately differentiated adenocarcinoma; TNM, tumor-
node-metastasis.
––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 1. CD133 expression in tumor cells was observed on the cell
membrane as apical membranous staining (A) and in the cytoplasm as
a strong dotty or uniform pattern (B).
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Figure 2. Classification of CRC cells on the basis of CD133 expression.
Unstained cells (A), ≤50% of stained cells (B) (CD133 overexpression-
negative patients) and >50% positivity of stained cells (C) (CD133 over-
expression-positive patients). Original magnification, x200.

Table II. Correlation between membranous and cytoplasmic
expression of CD133 in CRC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––

Cytoplasmic expression
–––––––––––––––––––

(-) (+) Total
–––––––––––––––––––––––––––––––––––––––––––––––––
Membranous expression

(-) 13 2 15
(+) 94 42 136

Total 107 44 151
–––––––––––––––––––––––––––––––––––––––––––––––––
p=0.15.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table III. Correlation between CD133 overexpression and
clinicopathological features.
–––––––––––––––––––––––––––––––––––––––––––––––––

CD133 overexpression
––––––––––––––––––
Negative Positive

No. of patients 110 41 P-value
––––––––––––––––––––––––––––––––––––––––––––––––––
Age
Year (mean ± SD) 66.5±10.1 68.8±11.1 0.22

Sex
Male 64 25 0.76
Female 46 16

Tumor size
mm (mean ± SD) 47.2±22.3 51.9±30.8 0.3

Tumor location
Right 30 22 0.41
Left 40 7
Rectum 40 12

Histology
Well 41 18 0.46
Mod 69 23

TNM parameter (T)
T1 14 3 T1 + T2 vs. 

T3 + T4
T2 12 9 0.48
T3 62 14
T4 22 15

TNM parameter (N)
N0 58 21 N(-) vs. N(+)
N1 35 9 0.86
N2 17 11

Liver metastasis
Absent 90 35 0.61
Present 20 6

TNM parameter (M)
M0 84 30 0.68
M1 26 11

TNM stage
I 19 9 I + II vs. III + IV
II 34 11 0.94
III 31 10
IV 26 11

Lymphatic invasion
Absent 27 11 0.77
Present 83 30

Vascular invasion
Absent 52 18 0.71
Present 58 23

–––––––––––––––––––––––––––––––––––––––––––––––––
SD, standard deviation; well, well-differentiated adenocarcinoma;
mod, moderately differentiated adenocarcinoma; TNM, tumor-
node-metastasis.
––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Correlation of CD133 overexpression with PS and RFS. The
5-year PS rates of 151 patients negative and positive for
CD133 overexpression were 74.3 and 45.5%, respectively.
CD133 overexpression-positive patients showed significantly
shorter overall survival than CD133 overexpression-negative
patients (p=0.002) (Fig. 4A). The 5-year RFS rates of the
114 stage I-III patients (who underwent curative surgery)
negative and positive for CD133 overexpression were 76.7
and 61.9%, respectively; however, the difference was not
significant (p=0.08) (Fig. 4B).

Evaluation of membranous and cytoplasmic expression.
With regard to membranous CD133 expression, the patients
were divided into 2 categories: i) those with none or <50% of

stained cells on the membrane were defined as ‘membranous
overexpression negative’; and ii) those with >50% of stained
cells on the membrane were defined as ‘membraneous
overexpression positive’. Of the 151 patients, 126 (83.4%)
were membranous overexpression negative and 25 (16.6%)
were membranous overexpression positive.

Further, with regard to cytoplasmic CD133 expression,
the patients were divided into 2 categories: i) those with no
stained cells in the cytoplasm were defined as ‘cytoplasmic
expression negative’; and ii) those with stained cells in the
cytoplasm were defined as ‘cytoplasmic expression positive’.
Of the 151 patients, 107 (70.9%) were cytoplasmic expression
negative and 44 (29.1%) were cytoplasmic expression
positive.
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Figure 3. Distribution of CD133 expression: membranous and cytoplasmic, Membranous and cytoplasmic expression in separate areas (A), areas of membranous
expression (B), area of cytoplasmic expression (C). Membranous and cytoplasmic expression in the same areas (D, E and F).
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Correlation between CD133 expression pattern and clinico-
pathological features. As shown in Table IV, membranous
overexpression significantly correlated with histology (well-
differentiated adenocarcinoma, p=0.019). Further, cyto-
plasmic expression significantly correlated with histology
(moderately differentiated adenocarcinoma, p=0.0002),
lymph node metastasis (p=0.0009), TNM stage (III + IV,
p=0.03), and lymphatic invasion (p=0.0009).

Correlation of membranous overexpression with PS and
RFS. Membranous overexpression-positive patients showed
significantly shorter overall survival than membranous over-
expression-negative patients (p=0.0008). Similar results were
obtained for RFS, but the difference was not statistically
significant (p=0.12) (Fig. 5).

Correlation of cytoplasmic expression with PS and RFS. There
was a significant difference in the overall survival shown by
cytoplasmic expression-positive and cytoplasmic expression-
negative patients (p=0.01). Further, cytoplasmic expression-
positive patients showed significantly worse RFS than cyto-
plasmic expression-negative patients (p=0.004) (Fig. 6).

Univariate and multivariate analyses of PS. Univariate
analysis showed that PS was significantly correlated with
tumor depth (T), lymph node metastasis (N), distant meta-
stasis (M), liver metastasis, TNM stage, lymphatic invasion,
vascular invasion, membranous overexpression, cytoplasmic
expression, and CD133 overexpression. Multivariate analysis
with tumor-associated factors showed distant metastasis (M,
p<0.05), membranous overexpression (p=0.003), and CD133
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Figure 4. (A) Patient survival curves of 151 patients positive and negative for CD133 overexpression. CD133 overexpression-positive patients showed
significantly shorter overall survival than CD133 overexpression-negative patients (log-rank test, p=0.002). (B) Recurrence-free survival curves of 114 stage
I-III patients (who underwent curative surgery) positive and negative for CD133 overexpression. Log-rank test did not indicate the difference in recurrence-
free survival to be statistically significant (p=0.08).

Figure 5. (A) Patient survival curves of 151 patients positive and negative for membranous CD133 overexpression. Membranous overexpression-positive
patients showed significantly shorter overall survival than membranous overexpression-negative patients (log-rank test, p=0.0008). (B) Recurrence-
free survival curves of 114 stage I-III patients (who underwent curative surgery) positive and negative for membranous CD133 overexpression. Log-
rank test did not indicate any statistically significant difference in recurrence-free survival (p=0.12)
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overexpression (p=0.005) to be independent prognostic
factors for PS (Table V).

Univariate and multivariate analyses of RFS. Univariate
analysis showed that RFS was significantly correlated with
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Table IV. Correlation between CD133 expression pattern and clinicopathological features.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Membranous overexpression Cytoplasmic expression
–––––––––––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––––––––––
Negative Positive Negative Positive

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––-
No. of patients 126 25 P-value 107 44 P-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––-
Age

Year (mean ± SD) 66.7±10.4 69.1±0.3 0.3 67.8±9.9 65.5±1.3 0.21

Sex

Male 74 15 0.91 62 27 0.69

Female 52 10 45 17

Tumor size

mm (mean ± SD) 47.8±22.1 52.0±36.2 0.44 47.7±27.0 50.3±18.9 0.58

Tumor location

Right colon 38 14 Colon vs. rectum 37 15 Colon vs. rectum

Left colon 43 4 34 13

Rectum 45 7 0.45 36 16 0.75

Histology

Well 44 15a 0.019a 52 7 0.0002a

Mod 82 10 55 37

TNM parameter (T)

T1 14 3 T1 + T2 vs. T3 + T4 16 1 T1 + T2 vs. T3 + T4

T2 16 5 0.39 13 8 0.39

T3 67 9 55 21

T4 29 8 23 14

TNM parameter (N)

N0 64 15 N (-) vs. N (+) 66 13 N (-) vs. N (+)

N1 40 4 0.4 27 17a 0.0009a

N2 22 6 14 14a

Liver metastasis

Absent 104 21 0.86 92 33 0.1

Present 22 4 15 11

TNM parameter (M)

M0 90 18 0.66 83 31 0.36

M1 36 7 24 13

TNM stage

I 21 7 I + II vs. III + IV 23 5 I + II vs. III + IV

II 38 7 0.44 37 8 0.03a

III 37 4 23 18a

IV 30 7 24 13a

Lymphatic invasion
Absent 29 9 0.17 35 2 0.0009a

Present 97 16 72 41

Vascular invasion

Absent 58 12 0.86 55 15 0.05

Present 68 13 52 29
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SD, standard deviation; well, well-differentiated adenocarcinoma; mod, moderately differentiated adenocarcinoma; TNM, tumor-node-metastasis;
astatistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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histology (moderately differentiated adenocarcinoma), lymph
node metastasis (N), lymphatic invasion, vascular invasion,
and cytoplasmic expression. However, its correlation with
CD133 overexpression was not statistically significant. Multi-
variate analysis with tumor-associated factors showed mem-
branous overexpression to be an independent prognostic
factor for RFS (Table VI).

Correlation between chemosensitivity and CD133 expression.
To examine the correlation between the effect of chemo-
therapy and CD133 expression, 33 patients who received
chemotherapy for tumor recurrence or stage IV tumors and
showed measurable lesion(s) on computed tomography scans
were examined. Tumor response was assessed according to
the Response Evaluation Criteria in Solid Tumors (RECIST).
Disease control rate was defined as the rate of the sum of
complete response (CR), partial response (PR), and stable
disease (SD). There was no significant difference in the disease
control rates of CD133 overexpression-positive (22.2%, 2/9)
and CD133 overexpression-negative (58.3%; 14/24) patients
(p=0.07) and those of cytoplasmic expression-positive
patients (35.7%, 5/14) and cytoplasmic expression-negative
(57.9%, 11/19) patients (p=0.21). The disease control rate
of membranous overexpression-positive patients was 14.3%
(1/7), whereas that of membranous overexpression-negative
patients was 57.7% (15/26). Membranous overexpression-
positive patients showed significant chemoresistance (p=0.04)
(Table VII).

Discussion

CD133 overexpression was an independent prognostic factor
for PS. Membranous overexpression, in particular, strongly
correlated with PS, recurrence and chemoresistance. Cyto-
plasmic expression correlated with tumor progression, i.e.,
lymph node metastasis. Although the biological function
of CD133 remains unclear, our results demonstrated that

evaluation of the frequency and pattern of CD133 expression
is useful for predicting prognosis, recurrence, and chemo-
sensitivity in CRC patients.

CD133, also known as prominin-1, is a membrane protein
containing 5 membrane-spanning domains, 2 large N-glyco-
sylated extracellular loops, an extracellular N-terminal domain,
and a cytoplasmic C-terminal domain (24). CD133 is mainly
localized in membrane protrusions and microvilli (24). It is
possible that CD133-positive cells in CRC are cancer stem
cells. However, it is estimated that only 1 in 262 CD133-
positive CRC cells has tumor-initiation capability (9). There-
fore, in this study, we immunohistochemically analyzed
the frequency and pattern of CD133 expression in primary
CRC patients. To our knowledge, this study is the first that
evaluated the correlation between not only the frequency of
CD133 expression but also its pattern (membranous or cyto-
plasmic) and clinicopathological features and the clinical
significance of the frequency and pattern of CD133 expression
in a large series of human CRC patients. With regard to
the frequency of CD133 expression, it has been reported that
CD133 expression rate is nearly 20% (22), and >50% of
glands stained positive for CD133 are seen in >30% patients
(23). In our study, CD133 expression rate was higher than
that reported previously, and membranous expression (90.1%,
136/151) was more frequent than cytoplasmic expression
(29.1%, 44/151). Both expression patterns were shown by
27.8% (42/151) patients.

Some previous studies on the clinical significance of the
frequency of CD133 expression in CRC have been reported
(22,23,25-28). In this study, CD133 overexpression was signi-
ficantly correlated with PS and was an independent prognostic
factor. This finding is in agreement with those indicated
in previous reports of Horst et al and other researchers
(23,25,26). Horst et al speculated that CD133-expressing
tumor cell population may have additional cellular charac-
teristics that contribute to the aggressiveness (tumor prog-
ression) of CRC, such as increased cell motility, invasion, or
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Figure 6. (A) Patient survival curves of 151 patients positive and negative for cytoplasmic CD133 expression. There was a significant difference in the
overall survival of cytoplasmic expression-positive and cytoplasmic expression-negative patients (log-rank test, p=0.01). (B) Recurrence-free survival curves
of 114 stage I-III patients (who underwent curative surgery) positive and negative for cytoplasmic CD133 expression. Cytoplasmic expression-positive
patients showed significantly worse recurrence-free survival than cytoplasmic expression-negative patients (log-rank test, p=0.004).
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Table V. Univariate and multivariate analyses of patient survival.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate analysis Multivariate analysis 1 Multivariate analysis 2
––––––––––––––––––––––––––––– ––––––––––––––––––––––– ––––––––––––––––––––-

No. of patients n=151 5-year survival (%) P-value HR 95% CI P-value HR 95% CI P-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

≤67 67 71.5 0.68 ND ND

>67 84 76.5

Sex

Male 89 67.1 0.22 ND ND

Female 62 71.3

Histology

Well 59 66.7 0.74 1 0.8 0.34-1.88 0.61

Mod 92 75.8 1.004 0.47-2.12 0.99 1

Tumor location

Colon 99 65.1 0.21 1 1

Rectum 52 75.5 0.55 0.25-1.21 0.14 0.56 0.25-1.24 0.15

Tumor size (mm)

≤48 73 74.8 0.26 0.92 0.44 -1.92 0.84 0.88 0.42-1.82 0.73

>48 78 64.8 1 1

TNM parameter (T)

T1 + T2 38 92.1 0.006a 1 0.97 0.23-4.01 0.97

T3 + T4 113 61.8 1.02 0.26-3.99 0.97 1

TNM parameter (N)

N (-) 79 88.0 <0.0001a 1 1

N (+) 72 49.4 3.03 0.64-14.3 0.16 2.61 0.53-12.7 0.23

TNM parameter (M)

M0 114 80.9 <0.0001a 1 1

M1 37 33.1 3.16 1.13-8.86 0.02a 3.05 1.10-8.44 0.03a

Liver metastasis

Absent 125 77.3 <0.0001a 1 1

Present 26 29.6 2.34 0.91-5.99 0.07 2.39 0.95-5.97 0.06

TNM stage

I + II 73 88.1 <0.0001a 1 1

III + IV 78 52.5 2.08 0.07-3.66 0.51 1.72 0.08-4.16 0.59

Lymphatic invasion

Absent 38 97.3 0.0004a 1 1

Present 113 60.0 5.99 0.71-50.4 0.09 6.7 0.76-58.5 0.08

Vascular invasion

Absent 70 89.4 <0.0001a 1 1

Present 81 50.7 2.28 0.71-7.27 0.16 2.27 0.69-7.38 0.17

Membranous overexpression

Negative 126 75.8 0.0008a ND 1

Positive 25 28.6 3.29 1.49-7.24 0.003a

Cytoplasmic expression

Negative 107 75.6 0.01a ND 1

Positive 44 53.7 1.86 0.86-4.02 0.11

CD133 overexpression

Negative 110 77.4 0.002a 1 ND

Positive 41 45.5 2.87 1.37-5.99 0.005a

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HR, hazard ratio; 95% CI, 95% confidence interval; ND, not determined; well, well-differentiated adenocarcinoma; mod, moderately differentiated
adenocarcinoma; TNM, tumor-node-metastasis; astatistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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migration capabilities; colonization of distant organs; and
growth of metastatic tumors, besides pure tumor initiation
(29,30).

Further, in our study, the pattern of CD133 expression
in tumor cells was divided into ‘membranous expression’,
which was observed on the cell membrane as apical mem-
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Table VI. Univariate and multivariate analyses of recurrence free survival.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Univariate analysis Multivariate analysis 1 Multivariate analysis 2
––––––––––––––––––––––––––––– –––––––––––––––––––––––– –––––––––––––––––––––––––––

5-year
recurrence-free

No. of patients n=114 survival (%) P-value HR 95% CI P-value HR 95% CI P-value
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

≤67 46 77.7 0.76 ND ND

>67 68 74.8

Sex

Male 62 72.8 0.41 ND ND

Female 52 80.0

Histology

Well 47 84.6 0.045a 1 1

Mod 67 70.3 1.62 0.62-4.22 0.31 1.7 0.60-4.80 0.31

Tumor location

Colon 74 74.7 0.18 1 1

Rectum 40 66.5 1.51 0.65-3.49 0.33 1.52 0.64-3.58 0.33

Tumor size (mm)

≤48 60 76.9 0.93 1 1

>48 54 75.4 0.67 0.28-1.61 0.37 0.67 0.28-1.57 0.36

TNM parameter (T)

T1 + T2 36 82.3 0.19 1 1

T3 + T4 78 72.9 1.15 0.37-3.55 0.8 1.44 0.44-4.67 0.53

TNM parameter (N)

N (-) 73 83.5 0.01a 1 1

N (+) 41 62.9 1.47 0.62-3.44 0.37 1.41 0.58-3.43 0.44

Lymphatic invasion

Absent 36 94.1 0.008a 1 1

Present 78 67.5 2.7 0.69-10.6 0.15 2.47 0.60-10.1 0.2

Vascular invasion

Absent 68 83.9 0.009a 1 1

Present 46 64.0 1.49 0.59-3.74 0.38 1.41 0.55-3.58 0.46

Membranous overexpression

Negative 96 78.8 0.12 ND 1

Positive 18 56.7 3.92 1.42-10.7 0.008a

Cytoplasmic expression

Negative 83 83.7 0.004a ND 1

Positive 31 54.6 2 0.86-4.65 0.1

CD133 overexpression

Negative 84 80.7 0.08 1 ND

Positive 30 61.9 2.13 0.95-4.73 0.06
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HR, hazard ratio; 95% CI, 95% confidence interval; ND, not determined; well, well-differentiated adenocarcinoma; mod, moderately differentiated
adenocarcinoma; TNM, tumor-node-metastasis; astatistically significant.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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branous staining, and ‘cytoplasmic expression’, which was
observed in the cytoplasm as a strong dotty or uniform
pattern, by using the rabbit anti-human polyclonal CD133
primary antibody (ab19898; Abcam). Many reports on the
pattern and immunolocalization of CD133 expression in
CRC describe that CD133 expression is mainly detected on
the cell membrane at the luminal surface of the cancer gland
(22,23,25,26). However, in some studies including ours, it
was reported that cytoplasmic CD133 expression is detected
in CRC (27,28). Moreover, cytoplasmic CD133 expression
has been reported in other solid malignant tumors [pancreatic
cancer (31), hepatocellular carcinoma (32), glioma (33),
and ovarian carcinoma (34)]. Recent studies on pancreatic
cancer have shown that apical/endoluminal membranous
staining for CD133 expression is characteristic of well-
oriented, polarized, and differentiated cells, whereas cyto-
plasmic staining for CD133 expression is found in a small
population of cells; this suggests that cytoplasmic staining
for CD133 in cancer cells is indicative of putative cancer
stem cells (35). Analysis of immunolocalization (membranous
and cytoplasmic expression) of CD24 (36,37) and human
epidermal growth factor receptor 2 (HER-2) (38,39) has been
reported in various tumors. CD24 is defined as a cancer stem
cell surface marker (40). In the studies cited above, it was
speculated that immunolocalization of CD24 may reflect
overproduction, disturbance of distribution or degradation
within cells. HER-2 is a member of the family of type-1
growth factor receptors, and this family of receptors is crucial
for mediating proliferation, differentiation, and survival of
normal cells (39). Cytoplasmic expression of HER-2 may
either be artifactual or may represent a cross-reacting protein
or a precursor form of the mature protein (39). Although it
is unclear whether immunolocalization (membranous or
cytoplasmic expression) of CD133 reflects different cellular
functions, this study showed different clinical significance
of CD133 expression depending on CD133 immuno-
localization. Membranous overexpression correlated with
PS, RFS and chemoresistance. Cytoplasmic expression
correlated with tumor progression, i.e., lymph node meta-
stasis, but it was not an independent marker for PS and

disease recurrence. It is supposed that these clinical findings
are related to the characteristics of CD133-positive cancer
stem cells although stem cell-like properties have recently
been reported in CD133-negative cells in CRC (41). Chemo-
resistance due to membranous overexpression may be
associated with poor PS after recurrence and consequent
poor PS of CD133 expression-positive patients. With regard
to the correlation between immunolocalization and clinical
significance of CD24 expression, Weichert et al (36)
speculated that shift from apical membranous localization to
cytoplasmic localization reflects the transition of epithelial
cells to a more invasive phenotype. However because mem-
branous overexpression correlated with PS and RFS in this
study but cytoplasmic expression did not, a mechanism
opposite to that of CD24 may be considered to be involved in
the correlation between immunolocalization and malignant
phenotype of CD133 in CRC.

In conclusion, immunohistochemistry showed that
CD133 expression has clinical significance and evaluation
of the frequency and pattern of CD133 expression is useful
for predicting recurrence, chemosensitivity, and poor prognosis
in CRC patients.
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