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Immunohistochemical detection of CD133 is associated
with tumor regression grade after chemoradiotherapy
in rectal cancer
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Abstract CD133 has been identified as a putative cancer

stem cell (CSC) marker in various cancers including

colorectal cancer. The relation between CD133 expression

and biological characteristics of colorectal cancer remains

to be clarified. Protein expression of CD133 was immu-

nohistochemically evaluated in surgical specimens of 225

patients with colorectal cancer who were treated by sur-

gery, as well as those of 78 patients with rectal cancer who

received preoperative chemoradiotherapy (CRT) followed

by curative resection. The correlation between CD133

expression and clinicopathological features, tumor recur-

rence and overall survival was analyzed in both popula-

tions. Among 225 colorectal cancers without CRT, 93

(41.3%) were positive for CD133 expression, which was

enhanced in cases with advanced T stage and venous

invasion. Moreover, CD133 was positive in 47 (60.3%) of

78 cases with CRT, which was significantly higher than the

CD133-positive rate in non-CRT specimens (P = 0.05).

Expression of CD133 was independently correlated with

the histological tumor regression grade (P \ 0.01). These

results suggest that CD133 is not a distinctive colorectal

CSC marker; expression of CD133 is suggested to be one

of the key factors associated with resistance to CRT in

colorectal cancer.
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Introduction

The cancer stem cell (CSC) model suggests that cancer

cells exhibit a hierarchy, as do normal cells and that a small

fraction of cancer cells are maintained as ‘‘cancer stem

cells’’ with self-renewal and differentiating abilities [1].

Recently, many reports suggest this stem cell theory not

only in leukemia [2] but also in solid cancers [3–7].

CD133 is a cell surface transmembrane glycoprotein

that exists in cholesterol-rich domain lipid rafts and is well

known as an important marker for a number of different

CSC lineages [8]. Although its cellular function is not

clear, CD133 has been identified as a candidate marker for

CSCs in various solid cancers including colorectal cancer,

because CD133-positive cells in colorectal cancer have

properties of self-renewal and high tumorigenic potential

[9–11]. In fact, CD133 was recognized as a specific marker

for the isolation of CSCs from brain tumors [6, 12], pros-

tate carcinoma [13], and liver carcinoma [14]. On the other

hand, some studies have not shown CD133 to be a specific

marker for colorectal cancer CSCs [15–17]. It has been

reported that CD133 expression is not restricted to stem

cells, because both CD133? and CD133- metastatic colon

cancer cells initiate tumors [15].

Another important feature of CSCs is that they are

resistant to toxic environmental agents such as radiother-

apy and chemotherapy, due to high expression of ATP-

binding cassette (ABC) transporters, active DNA-repair
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capacity, and resistance to apoptosis [18]. Previous reports

have suggested a relation between CD133 and resistance to

anti-cancer treatment. CD133-positive glioma cells

develop radioresistance through activation of the DNA

damage response [19] or by induction of autophagy [20].

Moreover, Saigusa et al. reported that CD133 mRNA level

in rectal cancer specimens was elevated by chemoradio-

therapy (CRT), suggesting that CD133 might contribute to

radioresistance [21, 22]. On the other hand, CD133

expression has been reported not to be selective for the

radioresistant colon cancer cell population in vitro [17]. In

terms of chemoresistance, Tadaro et al. [23] reported that

CD133-positive colon cancer cells had more resistance to

anti-cancer drugs through production of interleukin-4.

However, we have shown that CD133-negative colon

cancers were more chemoresistant through enhanced inte-

grin signals [24]. The relation between CD133 and resis-

tance to anti-cancer treatment is under debate.

In this study, therefore, we performed immunohisto-

chemical examination of CD133 expression in surgically

removed specimens of colorectal cancer and rectal cancer

after preoperative chemoradiotherapy (CRT) and investi-

gated the possible association between CD133 expression

and resistance to CRT.

Materials and methods

Patients and tissue specimens

The expression of CD133 was immunohistochemically

evaluated in surgical specimens of 225 patients with colo-

rectal cancer who underwent curative resection at the Uni-

versity of Tokyo Hospital from January 1991 to October

1995. As well, 78 patients with rectal cancer who received

preoperative chemoradiotherapy (CRT) and curative resec-

tion from May 2003 to June 2010 at the same hospital were

enrolled in this study. The patients who received CRT had

cancer of the middle or lower rectum, whose depth had been

estimated to be deeper than the muscularis propria. The 78

patients received preoperative CRT, which consisted of

preoperative radiotherapy (1.8 Gy 9 25 fractions =50.4

Gy irradiation) and chemotherapy, which consisted of oral

administration of a prodrug of 5-FU (300 mg/day) and leu-

covorin (75 mg/day) during the entire course of radiotherapy.

Clinicopathological features were analyzed based on the

TMN classification of malignant tumors, 7th edition

according to the International Union Against Cancer (UICC)

[25] and the World Health Organization (WHO) histological

criteria [26]. Post-CRT histological tumor regression was

graded according to the Japanese Guidelines for Clinical and

Pathological Studies on Carcinoma of the Colorectum, 7th

edition [27] (Table 1). It was classified into four categories:

grade 0, neither necrosis nor regressive changes; grade 1a,

[2/3 vital residual tumor cells; grade 1b, approximately 1/3

to 2/3 vital residual tumor cells; grade 2,\1/3 vital residual

tumor cells; grade 3, no vital residual tumor cells. Specimens

with no remaining cancer cells and only a fibrotic mass were

excluded, because our immunohistochemical staining tar-

geted residual cancer tissue.

Immunohistochemistry staining and evaluation

Consecutive 4-lm sections fixed in formalin and embedded

in paraffin were immunohistochemically stained using the

technique described below. Tissues were treated with

xylene and ethanol, then washed with phosphate-buffered

saline (PBS). Endogenous peroxidase was blocked with 3%

hydrogen peroxidase solution in methanol for 15 min.

After washing with PBS, heat-induced antigen retrieval

was performed in ethylenediaminetetraacetic acid buffer at

pH 8.0. Tissues were washed with PBS and incubated with

5% BSA for 30 min to block non-specific protein. Each

slide was incubated overnight at 4�C with primary anti-

CD133 antibody (AC133; Miltenyi Biotec, Auburn, CA,

USA) at a dilution of 1:100. After washing the slides three

times with PBS, they were incubated with a Dako Envision

Kit (Dako, Carpinteria, CA, USA) following the manu-

facturer’s recommended protocol. After three washes with

PBS, each slide was incubated for 3 min in 2% 3,30-di-

aminobenzidine tetrahydrochloride and 50 mM tris-buffer

(pH 7.6) containing 0.3% hydrogen peroxidase as a chro-

mogen. Meyer’s hematoxylin (Sigma Chemical Co., St.

Louis, MO) was used for counterstaining. Renal tubules

were used as positive control. For negative control, the

antibody was replaced with PBS. Expression of CD133 was

defined as positive when CD133 staining was found in

more than 5% of the entire tumor according to Maeda’s

method as described previously [28–30]. Referring to

Maeda’s method, slides were examined under a microscope

at low power (from 409 to 2009) to identify the region

containing the highest percentage of CD133-positive cells

(hot spot) in the cancer nest. Ten fields of the hot spot

inside the tumor tissue were selected, and expression of

CD133 was evaluated in 1,000 tumor cells (100 cells per

Table 1 Grade of tumor regression after chemoradiotherapy for

rectal carcinoma

Grade Tumor regression

Grade 0 No necrosis or regressive change

Grade 1

a [66.6% vital residual tumor cells

b Approximately 33.3–66.6% vital residual tumor cells

Grade 2 \33.3% vital residual tumor cells

Grade 3 No vital residual tumor cells
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field) under high power (4009). Specimens were defined as

positive for CD133 expression, if there were tumor cells

distinctly stained by anti-CD133 antibodies [28]. This was

examined independently by two pathologists (K.H. and

S.K.) who were unaware of the clinical findings. Discrep-

ancies between their findings were resolved by discussion.

Their inter-observer agreement was calculated using

j-statistics [31]. The correlation between CD133 expres-

sion and clinicopathological features, tumor recurrence and

overall survival was analyzed.

Statistical analysis

The statistical significance of differences was evaluated by

v2 test, Fisher’s exact test, or non-paired Student’s t test, as

appropriate. An association was considered significant

when P \ 0.05. Actuarial overall survival and recurrence-

free rates were analyzed by Kaplan–Meier method. The

significance of several variables in relation to tumor

regression grade after CRT was analyzed by logistic

regression analysis in multivariate analysis.

Fig. 1 Colorectal carcinoma without CRT (a–c) and with CRT

(d, e) immunohistochemically stained using CD133 antibody.

a Positive immunoreactivity for CD133 (original magnification,

9100). b CD133 expression was seen on the luminal cell surface of

colorectal cancer glands, and intraglandular cellular debris was seen

in tumor glands with CD133-positive tumor cells (original magnifi-

cation, 9400). c Tumors showing no staining for CD133. d CD133

expression in residual cancer specimens with CRT (original magni-

fication, 940). e CD133 immunoreactivity was the same as that in

those with surgery alone (original magnification, 9400)
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Results

Expression of CD133 in colon cancer cells

CD133 expression was detected on the luminal cell surface

of colorectal cancer glands and not in the cytoplasm in any

case (Fig. 1). Additionally, intraglandular cellular debris

was CD133 positive in some tumor glands. Such intra-

glandular staining was never detected where the glandular

tumor cells were negative for CD133. This staining pattern

was mostly similar to that previously reported [32, 33] and

suggested that intraglandular cellular staining reflects

shedding of surrounding CD133-positive tumor cells into

the glandular lumina [32].

Relationship between clinicopathologic features

and CD133 expression in colon cancer with surgery

alone

The clinicopathological findings in the 225 patients with

colorectal cancer who underwent surgery alone and the 78

patients with rectal cancer who underwent preoperative

CRT and surgery are listed in Table 2. CD133 expression

was detected in 93 of the 225 specimens with surgery alone

(41.3%). Each tumor was assessed as either positive or

negative by two observers, giving an inter-observer

agreement coefficient j of 0.79. When comparing CD133

expression with clinicopathological variables, no correla-

tion with age, sex, tumor size, lymph node metastasis,

histologic appearance or lymphatic invasion was found

(Table 3). CD133 expression was detected in 26 tumors of

the right colon (28.0%), 50 (53.8%) of the left colon, and

17 (18.2%) of the rectum, and CD133 expression was

significantly lower in the rectum (P = 0.05). Additionally,

there was significant correlation of CD133 expression with

tumor depth (P = 0.05) and venous invasion (P = 0.03).

CD133 expression was detected in 47 of the 78 tumors

with CRT (60.3%). As in the group with surgery alone, no

correlation with age, sex, tumor size, lymph node metas-

tasis, histologic appearance or lymphatic invasion was

found when comparing CD133 expression with clinico-

pathological variables (Table 3). In addition, tumor depth

and venous invasion were not significantly different in the

CRT group either.

CD133 expression in cancer of middle or low rectum

To investigate the possible effect of CRT on CD133

expression, we selected 26 cases of advanced rectal cancer

with surgery alone located in the lower part of the rectum,

which was the same population as the 78 cases in the CRT

group, and compared their clinicopathological features

(Table 4). Tumor size was significantly reduced in CRT

Table 2 Characteristics of colorectal cancer patients in this study

Colorectal cancer

treated with

surgery alone (n = 225)

Rectal cancer treated with

chemoradiotherapy and

surgery (n = 78)

Gender

Male 139 (61.8%) 47 (60.3%)

Female 86 (38.2%) 31 (39.7%)

Mean age

(years) ± SD

63.4 ± 10.9 61.2 ± 10.1

Tumor size

(mm) ± SD

45.6 ± 23.3 44.9 ± 8.4

Location

Cecum (C) 11 (4.9%) 0

Ascending

colon (A)

38 (16.9%) 0

Transverse

colon (T)

17 (7.6%) 0

Descending

colon (D)

4 (1.8%) 0

Sigmoid

colon (S)

97 (43.1%) 0

Rectum 58 (25.8%) 78 (100%)

Right-sided

colon (C/A)

50 (22.2%)

Left-sided

colon (T/D/S)

117 (52.0%)

Rectum 58 (25.8%)

Tumor depth

T1 18 (8.0%) 8 (10.3%)

T2 25 (15.6%) 22 (28.2%)

T3 165 (73.3%) 43 (55.1%)

T4 7 (3.1%) 5 (6.4%)

Histologic type

Well 172 (76.4%) 52 (66.7%)

Moderately 45 (20.1%) 24 (30.8%)

Mucinous 3 (1.3%) 0 (0.0%)

Poorly 5 (2.2%) 2 (2.5%)

Lymphatic invasion

Positive 53 (23.6%) 7 (9.0%)

Negative 172 (76.4%) 71 (91.0%)

Venous invasion

Positive 136 (60.4%) 41 (52.6%)

Negative 89 (39.6%) 37 (47.4%)

Lymph node metastasis

Positive 88 (39.1%) 15 (19.2%)

Negative 137 (60.9%) 63 (80.8%)

Stage

1 43 (19.1%) 25 (32.1%)

2 94 (41.8%) 33 (42.3%)

3 87 (38.7%) 13 (16.7%)

4 1 (0.4%) 7 (9.0%)

C/A Cecum and ascending colon; T/D/S transverse colon, descending colon and

sigmoid colon
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cases (P \ 0.0001), and lymph node metastasis (P =

0.02), lymphatic invasion (P = 0.03), and clinical stage

(P = 0.01) were significantly reduced after CRT. On the

other hand, 47 (60.3%) of 78 tumors with preoperative

CRT were CD133 positive, which was significantly higher

than 10 (38.5%) of 26 cases without CRT (P = 0.05).

Correlation between CD133 expression and histological

tumor regression grade with CRT

CD133 expression showed a significant association with

the tumor regression grade after CRT graded according to

the Japanese Guidelines for Clinical and Pathological

Studies on Carcinoma of the Colorectum, 7th edition [27]

(Table 1). As shown in Table 5, 20 (64.5%) of 31 tumors

without CD133 expression showed a good histopatholo-

gical response (grade 2), whereas only 10 (22.2%) of 45

CD133-positive tumors were classified as responders

(grade 2) (P = 0.0002). When we examined the correlation

of CRT tumor regression grade with clinicopathological

variables and the expression of CD133 by univariate and

multivariate analysis, CD133 expression was recognized as

an independent association factor affecting resistance to

CRT (P \ 0.01) (Table 6).

Table 3 Correlation between clinicopathological features and CD133 expression

Colorectal cancer treated with surgery alone

(n = 225)

Rectal cancer treated with chemoradiotherapy and surgery

(n = 78)

CD133 positive CD133 negative P value CD133 positive CD133 negative P value

Gender

Male 60 (64.5%) 79 (59.8%) 0.45 30 (63.8%) 17 (54.8%) 0.43

Female 33 (35.5%) 53 (40.2%) 17 (36.2%) 14 (45.2%)

Mean age (years) ± SD 64.6 ± 9.5 62.6 ± 11.6 0.92 60.2 ± 10.7 62.8 ± 9.1 0.36

Tumor size (mm) ± SD 45.6 ± 21.1 45.5 ± 24.9 0.5 46.6 ± 1.1 42.5 ± 1.2 0.72

Location

Right-sided colon (C/A) 26 (28.0%) 24 (18.2%) 0.05 0 (0.0%) 0 (0.0%) ND

Left-sided colon (T/D/S) 50 (53.8%) 67 (50.8%) 0 (0.0%) 0 (0.0%)

Rectum 17 (18.3%) 41 (31.0%) 47 (60.3%) 31 (39.7%)

Tumor depth

T1 6 (6.5%) 12 (9.1%) 0.05 5 (10.3%) 3 (9.7%) 0.35

T2 17 (18.2%) 18 (13.6%) 10 (21.3%) 12 (38.7%)

T3 64 (68.8%) 101 (76.5%) 28 (59.6%) 15 (48.4%)

T4 6 (6.5%) 1 (0.8%) 4 (8.5%) 1 (3.2%)

Histologic type

Well 76 (81.7%) 96 (72.7%) 0.18 31 (66.0%) 21 (67.7%) 0.35

Moderately 16 (17.2%) 29 (22.0%) 14 (29.8%) 10 (32.3%)

Mucinous 0 (0.0%) 3 (2.3%) 2 (4.3%) 0 (0.0%)

Poorly 1 (1.1%) 4 (3.0%) 0 (0.0%) 0 (0.0%)

Lymphatic invasion

Positive 23 (24.7%) 30 (22.7%) 0.73 5 (10.6%) 2 (6.5%) 0.52

Negative 70 (75.3%) 102 (77.3%) 42 (89.4%) 29 (93.5%)

Venous invasion

Positive 64 (68.8%) 72 (54.6%) 0.03 27 (57.5%) 14 (45.2%) 0.29

Negative 29 (31.2%) 60 (45.4%) 20 (42.5%) 17 (54.8%)

Lymph node metastasis

Positive 36 (38.7%) 52 (39.4%) 0.91 10 (21.7%) 5 (16.1%) 0.54

Negative 57 (61.3%) 80 (60.6%) 37 (78.3%) 26 (83.9%)

Stage

1 19 (20.4%) 24 (18.2%) 0.74 13 (27.7%) 12 (38.7%) 0.72

2 38 (40.9%) 56 (42.4%) 21 (44.7%) 12 (38.7%)

3 36 (38.7%) 51 (38.6%) 9 (19.1%) 4 (12.9%)

4 0 (0.0%) 1 (0.8%) 4 (8.5%) 3 (9.7%)

ND Not detected
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Recurrence-free survival and overall survival analysis

of colon cancer in relation to CD133 expression

Finally, we examined the relation between CD133

expression and the outcome of patients using Kaplan–

Meier analysis and log-rank test. As shown in Fig. 2a, there

was no significant correlation between CD133 expression

and overall survival (OS) rate in colorectal cancer patients

without CRT. In patients with CRT, however, CD133-

positive cases tended to have shorter OS, although the

difference did not reach statistical significance (Fig. 2b).

Discussion

Recent studies on the biological importance of CSCs have

suggested many putative molecular markers for CSCs in

solid tumors. In particular, CD133 is considered to be a

representative marker for CSCs in various malignancies,

which led to extensive immunohistochemical studies to

characterize the expression and distribution of this mole-

cule in human samples. In colorectal cancer, Horst et al.

reported that patients with high CD133-expressing tumors

had significantly worse overall survival [32, 34] and dis-

ease-free survival [34] than those with low CD133-

expressing tumors. More recently, Ong et al. [35] also

demonstrated the same results in more than 500 patients.

Kojima et al. [36] also reported that CD133 is highly

expressed in well/moderately differentiated, but not in

poorly differentiated tumors. On the other hand, Choi et al.

[37] reported that there was a relation between CD133

expression and invasiveness and differentiation, but no

relation with survival, and Lugli et al. [30] showed no

correlation between CD133 and any clinicopathological

feature or survival time. Therefore, the clinical relevance of

CD133 expression in colorectal cancer is still controversial.

In this study, we further investigated the expression of

CD133 using the same approach in colorectal cancer

including tumors subjected to preoperative CRT. Our

Table 4 Clinicopathological features of patients treated with and

without chemoradiotherapy for middle/lower rectal cancer

Without CRT With CRT P value

Gender

Male 16 (61.5%) 47 (60.3%) 0.8

Female 10 (38.5%) 31 (39.7%)

Mean age (years) ± SD 60.8 ± 10.2 61.2 ± 10.1 0.83

Tumor size (mm) ± SD 36.9 ± 17.0 4.5 ± 7.3 \0.0001

Tumor depth

T1 2 (7.7%) 8 (10.3%) 0.3

T2 10 (38.5%) 22 (28.2%)

T3 14 (53.8%) 43 (55.1%)

T4 0 (0.0%) 5 (6.4%)

Histologic type

Well 20 (76.9%) 52 (67.5%) 0.4

Moderately 6 (23.1%) 24 (30.0%)

Mucinous 0 (0.0%) 2 (2.5%)

Lymphatic invasion

Positive 7 (26.9%) 7 (9.0%) 0.03

Negative 19 (73.1%) 71 (91.0%)

Venous invasion

Positive 17 (65.4%) 41 (52.6%) 0.25

Negative 9 (34.6%) 37 (47.4%)

Lymph node metastasis

Positive 11 (42.3%) 15 (19.0%) 0.02

Negative 15 (57.7%) 63 (81.0%)

Stage

1 10 (38.5%) 25 (32.1%) 0.01

2 5 (19.2%) 33 (42.3%)

3 11 (42.3%) 13 (16.7%)

4 0 (0.0%) 7 (9.0%)

CD133 expression

Positive 10 (38.5%) 47 (60.3%) 0.05

Negative 16 (61.5%) 31 (39.7%)

CRT Chemoradiotherapy

Table 5 Correlation between tumor regression grade and CD133

expression

Rectal cancer treated with chemoradiotherapy (n = 78)

CD133 positive CD133 negative P value

Tumor regression grade

1a 20 (44.4%) 3 (9.7%) 0.0002

1b 15 (33.3%) 8 (25.8%)

2 10 (22.2%) 20 (64.5%)

Table 6 Univariate and multivariate analysis of factors related to

tumor regression grade

Factors Univariate

analysis

Multivariate

analysis

Odds ratio

(95% CI)

P value P value

Tumor size 0.93

Tumor depth 0.11

Histology 0.28

Lymphatic invasion 0.85

Venous invasion 0.0024 0.0033 4.9 (-1.56

to 0.44)

Lymph node

metastasis

0.55

CD133 expression 0.0002 0.0003 7.0 (-1.39 to

0.26)

CI Confidence interval
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results in the surgery alone group showed a significant

association between expression of CD133 and tumor depth

and venous invasion, which was mostly consistent with

other studies [37, 38]. This finding appears to be reason-

able, since CD133-positive colon cancer cells have been

reported to exhibit more invasive ability than negative

ones, both in vitro [11] and in vivo [39].

In our series, rectal cancer showed lower expression of

CD133 than that in colonic cancer, which was not descri-

bed in previous studies. Also, expression of CD133 was

revealed to be more common after CRT. More importantly,

CD133-positive cases tended to have shorter overall sur-

vival, although CD133 expression showed no correlation

with recurrence-free survival (data not shown). This trend

was not observed in the 225 cases of colorectal cancer

without CRT that underwent surgery in 1991–1995. Since

all of the recurrent CRT cases, but none of the non-CRT

cases, were treated with recent chemotherapeutic regimens

including oxaliplatin or irinotecan, this might suggest that

CD133 expression in irradiated tumor cells may be asso-

ciated with the potential for resistance to these chemo-

therapeutic agents, as Ong et al. [35] reported previously.

Another important finding in this study is that CD133

expression was detected more frequently in rectal cancers

with CRT than in the surgery alone group. The same

finding has been reported in other studies [38, 40, 41].

Moreover, CD133 mRNA level in rectal cancer specimens

was elevated by CRT [21, 22]. Our results additionally

showed that CD133 expression was significantly correlated

with histological tumor regression grade. Specimens with

expression of CD133 showed less response to CRT, and

thus, CD133-positive cells may have reduced sensitivity to

chemoradiation. In glioblastoma cells, CD133-positive

cells were shown to have reduced sensitivity to radiation

and survived radiation damage through activation of DNA

damage repair [19, 42]. Additionally, CD133 expression in

colon cancer cells, HT29, was reported to be increased in a

radiation-dependent manner. They had reduced sensitivity

to radiation and survived radiation damage through

induction of cell cycle arrest or cell dormancy, based on the

finding that some CD133-positive cells lacked Ki-67

expression [41]. These in vitro results suggest that both

mechanisms may contribute to the enrichment of CD133-

positive cells in rectal cancer tissue after CRT.

Furthermore, extrinsic cues, the so-called niche, pro-

vided by cells and extracellular matrix components of the

stem cell microenvironment have been recognized to be

critical in stem cell regulation [43]. This means that CD133

needs a specific microenvironment to demonstrate these

mechanisms of resistance to CRT. Hypoxia has been rec-

ognized to be a specific microenvironment, or ‘‘niche,’’

regulating stem cell abilities including self-renewal, dif-

ferentiation, maturation, and homing [44]. In fact, it is also

reported that hypoxia was an essential ‘‘niche’’ for CD133

to maintain CSC ability in glioblastoma [45]. On the other

hand, hypoxia is known to be significantly correlated with

resistance to preoperative CRT in rectal cancer [46, 47].

Considering these facts, it is suggested that a hypoxic niche

may contribute to enhanced CD133 expression after CRT

in rectal cancer tissue and may also affect the prognosis of

patients.

In summary, CD133 expression may be related to sen-

sitivity to radiotherapy or chemotherapy in colorectal

cancer. However, the immunohistochemical results of

previous studies including ours are only partly consistent

with each other, which suggest the presence of functional

subtypes of CD133-positive cancer cells and support the

concept that CSCs in colorectal cancer cannot be identified

by CD133 expression alone. In fact, many other molecules

such as CD44 [9, 11, 16, 48, 49] and CD24 [4] have been

proposed as additional putative markers for CSCs in

colorectal cancer. Accurate detection of ‘‘real’’ CSCs in

human samples would be required to develop a novel

treatment strategy targeting CSCs in colorectal cancer.
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