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Expression of the Cancer Stem Cell Markers CD44 and
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Injae Hong, Seong Woo Hong, Yeo Goo Chang, Woo Yong Lee, Byungmo Lee, Yun Kyung Kang',
You Sun Kim?, In Wook Paik, Hyucksang Lee
Departments of Surgery, 'Pathology, and *Internal Medicine, Inje University Seoul Paik Hospital, Seoul, Korea

Purpose: The aim of this study was to assess the expressions of CD44 and CD133 in colorectal cancer tissue by using im-
munohistochemical staining and to analyze the clinical significance of the expressions related to other clinicopathological
data and survival results.

Methods: One hundred sixty-two patients with a biopsy-proven colorectal adenocarcinoma who were operated on between
January 1998 and August 2004 were enrolled in this study. Immunohistochemical staining for CD44 and CD133 was per-
formed on primary colorectal cancer tissue, metastatic lymph nodes, and synchronous and metachronous metastatic tumor
tissues if available.

Results: CD44 expression was stronger in the primary tumor than in metastatic lymph nodes (P < 0.001), and CD133 ex-
pression tended to be stronger in primary tumor than in metastatic lymph nodes (P = 0.057). No significant correlation was
found between the CD44 and the CD133 expressions. The cases with recurrence showed low expression of CD44 (P =
0.017). CD133 expression was lower in cases with elevated CA 19-9 serum levels (P = 0.028) and advanced T stage (P =
0.038). Multivariate analysis proved that low expression of CD44 was an independent prognosis factor for short disease-free
survival (P = 0.028).

Conclusion: Low CD44 expression was correlated with increased tumor recurrence and short disease-free survival, and low
CD133 expression was associated with advanced tumor stage. We suggest that further studies be performed to evaluate
whether the immunohistochemical method for determining the CD44 and the CD133 expressions is appropriate for ex-
ploring cancer stem-cell biology in patients with colorectal cancer.
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INTRODUCTION

incidence of colorectal cancer in East Asian countries, including
Japan and Korea, has increased sharply, probably due to a West-
ernized diet and lifestyle [2]. Mortality from colorectal cancer ac-
counts for 8% of all cancer deaths, and colorectal cancer is the
fourth most common cause of death from cancer [1]. Recently,
colorectal cancer mortality has decreased in developed countries

Colorectal cancer is the third most common cancer in men and
the second most common cancer in women worldwide [1]. The
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owing to better treatments and early detection [3]. New chemo-
therapeutic agents and targeted therapies have shown promising
results of improving survival in colorectal cancer patients [4, 5].
However, more than 30% of stage III colon cancer patients suffer
a recurrence even though they may have received a curative re-
section and adjuvant chemotherapy with oxaliplatin [4]. The me-
dian progression-free survival time in metastatic colorectal cancer
patients is only 8.9 months even after treatment with cetuximab
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and chemotherapy [5]. Tumor recurrence and chemoresistance
are the main problems that need to be solved if survival in cancer
patients is to be prolonged.

Recently, cancer stem cells (CSCs) have received attention due
to their role in cancer initiation, progression, and metastasis [6].
Their ability of self-renewal, unlimited proliferation, and multipo-
tency are considered cancer stem-cell phenotypes, and they seem
to be responsible for local relapse and metastasis by inducing re-
sistance against traditional drug therapy [7]. Specific cell surface
markers for CSCs are needed for identifying and sorting the
CSCs. Several markers for CSCs have been investigated and pro-
posed in colorectal cancer, and CD44 and CD133 have been the
most frequently researched and are thought to be the most likely
markers for colorectal CSCs [8-10]. In this study, we evaluated the
expressions of CD44 and CD133 in colorectal cancer tissue by us-
ing the immunohistochemical staining method, and we analyzed
the clinical significance of the results.

METHODS

Patients and clinicopathological data

One hundred sixty-two patients with a biopsy-proven colorectal
adenocarcinoma who were operated on between January 1998
and August 2004 were enrolled in this study. Patients” data re-
corded in our colorectal cancer database were analyzed. The fol-
lowing clinicopathological factors were selected and evaluated:
gender, age, location of tumor (right colon, left colon, or rectum),
tumor size, tumor’s gross appearance, carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA 19-9), TNM stage (Amer-
ican Joint Committee on Cancer. 7th ed.), tumor differentiation,
and recurrence of tumor.

Immunohistochemical staining method

Staining for CD44 and CD133 was performed on primary
colorectal cancer tissue, metastatic lymph nodes, and synchro-
nous and metachronous metastatic tumor tissues if available. Tis-
sue arrays were prepared by consigning them to the SuperBio
Chips, Co. (Seoul, Korea). Tissue array blocks were sectioned to
be 4 pm in thickness, and immunohistochemical staining was
performed using a Bond polymer detection kit and Bond-max
autostainer (Leica Microsystems, Wetzlar, Germany) as follows:
Deparaffinization by incubation in a dry oven at 60°C for 1 hour,
antigen retrieval by using pH 6.0 Bond epitope retrieval solution
1 at 100°C for 20 minutes, and peroxidase blocking with 0.3% hy-
drogen peroxide for 5 minutes. The samples were reacted with
primary anti-CD44 antibody (DF1485, 1:200; Novocastra Labo-
ratories, Newcastle upon Tyne, UK) or primary anti-CD133 anti-
body (AC133, 1:50; Miltenyi Biotec, Bergisch Gladbach, Ger-
many) at room temperature for 15 minutes (CD44) and 30 min-
utes (CD133). Subsequently, tissues were incubated with polymer
for 8 minutes and developed with 3, 3’-diaminobenzidine tetra-
hydrochloride-chromogen for 10 minutes and counter-stained
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with Mayer’s hematoxylin. The negative control group was stained
using an identical procedure, but omitting the primary antibody.
Immunohistochemical staining of the specimens was evaluated
by one pathologist (Y.K.K.).

The assessment of the CD44 and the CD133 expressions in the
primary tumor was performed in the central and peripheral por-
tions, and stronger expression results were accepted. The inter-
pretation of the CD44 and the CD133 expressions was performed
by a pathologist (Y.K.K.) who did not have clinical information
on the patients. The stained tumor cell was scanned by using a
high-power microscope and was scored according to the positiv-
ity of the tumor cells. The scores ranged from 0 to 3 for CD44 and
from 0 to 2 for CD133.
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Statistical analysis

Then CD44 and the CD133 expressions in the primary tumor vs.
lymph nodes and in the primary tumor vs. metastatic tumor were
compared by using the Wilcoxon signed rank test. The associa-
tions between clinicopathological factors and CD44 and CD133
expressions were analyzed by using the chi-square test. The Ka-
plan-Meier method was used to calculate the cumulative survival
rate and to plot the survival curves. The log-rank test was used to
compare the curves. A Cox proportional hazards regression was
performed to confirm the prognostic value of the variables associ-
ated with survival. P<0.05 was considered to be statistically signif-
icant.

RESULTS

The patients’ median age was 61 years (range, 29-85 years). The
numbers of male and female patients were 90 and 72, respectively.
The number of colon cancer cases was 88, and the number of rec-
tal cancer cases was 74. Twenty-two cases were stage I, and 54, 70,
and 16 cases were stages II, III, and IV, respectively. The mean fol-
low-up period was 83 months (range, 2-172 months).

The CD44 and the CD133 expressions in the primary tumor,
the metastatic lymph nodes, and the hepatic metastasis are shown
in Fig. 1. The CD44 and the CD133 expression rates in the pri-
mary tumor, the metastatic lymph nodes, synchronous metasta-
sis, and metachronous metastasis are presented in Table 1.

In 66 cases of paired primary tumor and metastatic lymph
nodes, CD44 expression was stronger in the primary tumor than
in the metastatic lymph nodes (primary > lymph node in 37
cases, primary = lymph node in 19 cases, primary < lymph node
in 10 cases, P < 0.001). CD133 expression tended to be stronger in
the primary tumor than in the metastatic lymph nodes (primary
> lymph node in 19 cases, primary = lymph node in 39 cases, pri-
mary < lymph node in 8 cases, P = 0.057) (Table 2).

In cases of paired primary and distant metastatic tumors (pri-
mary vs. synchronous metastasis in 8 cases and primary vs. meta-
chronous metastasis in 15 cases), no differences in CD44 expres-
sion were observed (P = 1.000 and P = 0.372, respectively). Also,
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Fig. 1. Immunohistochemical staining of the expression of (A) CD44 in a primary colorectal adenocarcinoma (x200), (B) CD44 in a meta-
static liver tumor from a colorectal adenocarcinoma (x200), (C) CD44 in a metastatic lymph node (x200), (D) CD133 in a primary colorectal
adenocarcinoma (x200), (E) CD133 in a metastatic liver tumor from a colorectal adenocarcinoma (x200), and (F) CD133 in a metastatic

lymph node (x200).

Table 1. CD44 and CD133 expressions in tumor tissue

) CD44 CD133
Variable
0 1+ 2+ 3+ 0 1+ 2+
Primary tumor 22 (13.6) 42 (25.9) 46 (28.4) 52 (32.1) 79 (48.8) 60 (37.0) 23(14.2)
Lymph node 29 (43.9) 22 (33.3) 11 (16.7) 4(2.5) 43 (65.2) 18 (27.3) 5(7.6)
Synchronous metastasis - 3(37.5) 4 (50.0) 1(12.5) 3(37.5) 5 (62.5) -
Metachronous metastasis 3(20.0) 3(20.0) 5(33.3) 4(26.7) 5(33.3) 4(26.7) 6 (40.0)

Values are presented as number (%).

Table 2. Comparison of CD 44 and CD133 expressions in cases of
paired primary tumors and metastatic lymph nodes (66 cases)

Primary* > LN Primary =LN Primary<LN  P-value
D44 37(56.1)  19(288  10(15.2) <0.001
D133 19(28.8)  39(59.1) 8 (12.1) 0.057

Values are presented as number (%).
LN, metastatic lymph nodes.
Primary tumor.

no differences in CD133 expression were noted between the pri-
mary tumor and a synchronous or metachronous metastasis (P =
0.655 and P = 0.157, respectively).

No significant correlation was noted between CD44 expression
and CD133 expression in the primary tumor (P = 0.466) (Fig. 2).
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The relationships between CD44 and CD133 expressions in the
primary tumor and the other clinicopathological characteristics
were analyzed. The patients in which recurrence developed dur-
ing the follow-up period showed low expression rates of CD44 (P
= 0.017). In rectal cancer, the CD133 expression rate was higher
than that it was in colon cancer (P = 0.017). The CD133 expres-
sion rate was lower in cases with elevated CA 19-9 serum levels (P
= 0.028) and advanced T stage (P = 0.038) (Table 3). No signifi-
cant correlation were noted between other clinicopathological
factors, including gender, age, tumor size, gross appearance of tu-
mor, CEA, TNM stage, and histology (differentiation of tumor),
and the CD44 and the CD133 expressions in the primary tumor.
The overall survival and the disease-free survival according to
CD44 and CD133 expressions were evaluated by using the Ka-
plan-Meier method (Fig. 3). The disease-free survival in patients
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Fig. 2. Relationship between CD44 and CD133 expressions in a
colorectal adenocarcinoma.
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with a high CD44-expressing tumor was significantly better than
that in patients with a low CD44-expressing tumor (P = 0.025).
No significant correlations were found between the overall sur-
vival time and the CD44 and the CD133 expression, and between
the disease-free survival time and the CD133 expression (P =
0.107, P = 0.206, and P = 0.216, respectively). A multivariate anal-
ysis was performed to verify whether CD44 expression was an in-
dependent prognostic factor for disease-free survival in colorectal
cancer patients (Table 4). CD44 expression, gross appearance of
the tumor, CA 19-9, and TNM stage were proven to be indepen-
dent prognostic factors for disease-free survival in colorectal can-
cer patients.

DISCUSSION

Currently, CSCs are considered to be responsible for tumor initia-
tion, progression, and metastasis [6]. The major portion of the
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Fig. 3. Overall survival rate as a function of the survival time for CD44 (A) and CD133 (B) expressions, and disease-free survival rate as a

function of survival time for CD44 (C) and CD 133 (D) expressions.
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Table 3. Relationship between CD44 and CD133 expressions in the primary tumor and clinicopathological factors

CD44 expression CD133 expression

Variable P-value P-value
Oori1+ 2+ or 3+ 0 1+ or 2+

Gender 0.886 0.419
Male 36 (40.0) 54 (60.0) 47 (52.2) 43 (47.8)
Female 28 (38.9) 44 (61.1) 33 (45.8) 39 (54.2)

Age (yn) 0.690 0.626
<62 35(40.9) 52 (59.1) 45 (51.1) 43 (48.9)
>62 28 (37.8) 46 (62.2) 35 (47.3) 39 (652.7)

Tumor location 0.569 0.017
Colon 33(37.5) 55 (62.5) 51 (58.0) 37 (42.0)
Rectum 31419 43 (58.1) 29 (39.2) 45 (60.8)

Tumor size (cm) 0.893 0.349
<5.0 34 (40.0) 51 (60.0) 39 (45.9) 46 (54.1)
>5.0 30 (39.0) 47 (61.0) 41 (53.2) 36 (46.8)

Gross appearance 0.413 0.413
Fungating 46 (37.7) 76 (62.3) 58 (47.5) 64 (52.5)
Ulcerating 18 (45.0) 22 (55.0) 22 (55.0) 18 (45.0)

CEA (ng/mL) 0.725 0.821
<5 45 (38.8) 71(61.2) 59 (50.9) 57 (49.1)
>5 18 (41.9) 25 (58.1) 21 (48.9) 22 (51.2)

CA19-9 (U/mL) 0.411 0.028
<37 55 (38.7) 87 ((61.3) 68 (47.9) 74 (52.1)
>37 7 (50.0) 7 (50.0) 11 (78.6) 3(21.4)

T stage 0.578 0.038
TlorT2 9(34.6) 17 (65.4) 8(30.8) 18 (69.2)
T3orT4 55 (40.4) 81 (59.6) 72 (52.9) 64 (47.1)

TNM stage 0.711 0.334
I 7(31.8) 15 (68.2) 7(31.8) 15 (68.2)
Il 20 (37.0) 34 (63.0) 27 (50.0) 27 (50.0)
Il 31(44.3) 39 (55.7) 38 (54.3) 32 (45.7)
v 6 (37.5) 10 (62.5) 8 (50.0) 8 (50.0)

Histology® 0.144 0.533
Well differentiated 9(47.4) 10 (52.6) 11 (57.9) 8 (42.1)
Moderately differentiated 51 (41.8) 72 (58.5) 61 (49.6) 62 (50.4)
Poorly differentiated 4(20.0) 16 (80.0) 8 (40.0) 12 (60)

Recurrence 0.017 0.247
Absent 27 (31.0) 60 (69.0) 40 (46.0) 47 (54.0)
Present 24 (52.2) 22 (47.8) 26 (56.5) 20 (43.5)

Values are presented as number (%).
CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.
*Differentiation of tumor.

cancer mass is differentiated, rapidly growing, and susceptible to ~ CSCs can survive and differentiate into a rapid-growing pheno-
traditional therapy such as chemotherapy or radiotherapy, buta  type with tumor-forming potential. Therefore, CSCs are sus-
very minor portion of the tumor mass is comprised of CSCs,  pected to be the main cause of tumor relapse and cancer mortality
which are slow growing and more resistant to chemo- and radio- ~ [11]. Targeted therapy directed toward CSCs may be useful in
therapy. After chemo- or radiotherapy induces tumor shrinkage, =~ cancer therapy for reducing future relapses.
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Table 4. Univariate and multivariate analyses of disease-free survival in colorectal cancer patients

Univariate Multivariate
Variable
HR 95% Cl P-value HR 95% Cl P-value

Tumor location, rectum 1.049 0.584-1.882 0.873 - - -
Size

>5cm 0.686 0.375-1.253 0.220 - - -
Gross appearance

Infiltrative 2.752 1.513-5.004 0.001 2.571 1.295-5.107 0.007
CEA

> 5ng/mL 1.689 0.908-3.139 0.098 1.422 0.730-2.770 0.301
CA19-9

> 37 U/mL 4,152 1.748-9.864 0.001 3.699 1.486-9.209 0.005
TNM stage

lhor IV 11.225 4.421-28.498 <0.001 10.199 3.911-26.595 <0.001
Histology

Poorly differentiated 3.413 1.683-6.923 0.001 1.734 0.775-3,876 0.180
CD44

2+ 0r 3+ 0.519 0.289-0.932 0.028 0.505 0.274-0.931 0.028
CD133

1+0r 2+ 0.693 0.385-1.247 0.221 0.944 0.506-1.761 0.856

HR, hazard ratio; Cl, confidence interval; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen 19-9.

Useful surface markers for CSCs are very much needed for re-
search and treatment of various cancers. In colorectal cancer,
CD44 and CD133 have been intensively evaluated [8-10]. Dalerba
et al. [8] reported that a minority subpopulation of EpCAM"#"/
CD44 positive cells could initiate tumor formation with a small
number of colorectal cancer cells. Tumors that originated from
EpCAM"¢"/CD44 positive cells reproduced the full morphologi-
cal and phenotypic heterogeneity of their parental lesions. The
authors concluded that CD44 could be one of the stem cell mark-
ers for colorectal cancer [8]. In 2007, two separate research groups
reported that CD133-expressing cancer cells could initiate tumor
growth, but CD133 negative cells could not. They concluded that
CD133 positive cells might be the CSCs in colon cancer [9, 10].
Therefore, in this study, we aimed to assess the expressions of
CD44 and CD133 in colorectal cancer tissue by using immuno-
histochemical staining and to analyze the clinical significance of
those expressions related to other clinicopathological data and
survival results.

In 66 cases of paired primary tumor and metastatic lymph
nodes, CD44 expression was stronger in the primary tumor than
in metastatic lymph nodes (P < 0.001), and CD133 expression
tended to be stronger in the primary tumor than in the metastatic
lymph nodes (P = 0.057). In cases of primary and distant meta-
static tumors, no significant difference was observed in this study.
Before this study, we conjectured that the metastatic tumor should
have a stronger expression than the primary tumor because the
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metastasis might be caused by a small portion of the tumor cells
that had stem-cell biology; therefore, we hypothesized that the
metastatic tumor might have a greater population of CSCs. How-
ever, the results were contrary to our expectations. We suggest
that these results should be confirmed by using other laboratory
methods. In contrast to our results, Puglisi et al. [12] used flow
cytometry to show that CD133 expression was higher in meta-
static liver tumors than in primary colorectal cancer tumors.

No correlation between the expressions of CD44 and CD133 in
cancer tissue was found in this study. Du et al. [13] reported that
CD44 and CD133 double positive cells were extremely rare in
their study. Galizia et al. [14] also showed that CD133 expression
was not correlated with CD44 expression in colorectal cancer tis-
sues. These results suggest that neither CD44 nor CD133 may be
a strong, specific marker for CSCs in the immunohistochemical
staining method.

Some controversy exists over the correlations between CD44
and CD133 expressions and other clinicopathological factors. In
our study, CD44 expression was lower in cases that developed re-
currence during the follow-up period (P = 0.017). The other clini-
copathological factors were not correlated with CD44 expression.
Pitule et al. [15] reported that cases with low CD44 expression
had a high incidence of lymph node metastasis. On the contrary,
other studies showed that high CD44 expression was related to
advanced stage, poor differentiation [16], depth of invasion, and
lymph node involvement [17]. In this study, CD133 expression
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was lower in colon cancer (P = 0.017) than in rectal cancer and in
cases with elevated CA 19-9 serum levels (P = 0.028) and ad-
vanced T stage (P = 0.038). However, other researchers reported
that high CD133 expression was related to advanced T stage [18]
and to frequent node and distant metastasis [19]. One pooled
study showed that CD133 was not significantly associated with
the depth of invasion, tumor differentiation, lymph node metas-
tasis, or lymphatic invasion [20].

Some controversy also exists over the relationships between
CD44 and CD133 expressions and the prognosis for colorectal
cancer patients. In our study, low CD44 expression was identified
as an independent prognostic factor for shorter disease-free sur-
vival. Similarly, two studies, which evaluated the expression of
CD44 by using immunohistochemical staining, demonstrated
that loss of CD44 expression was related to a worse prognosis for
colorectal cancer patients [21, 22]. In contrast, Huh et al. [17] re-
ported that CD44 expression was an independent unfavorable
prognostic factor for overall survival. Another two studies showed
that CD44 expression was not significantly associated with sur-
vival [15, 18]. In this study, CD133 was not significantly associ-
ated with the survival interval. Several studies showed that CD133
expression predicted a poor prognosis for colorectal cancer pa-
tients [23, 24]. On the contrary, Pitule et al. [15] showed that pa-
tients with high CD133 expression had longer a disease-free in-
terval. Other studies reported that CD133 was not significantly
correlated with the survival time [18, 22, 25].

In conclusion, in this study, low CD44 expression was correlated
with increased tumor recurrence and shorter disease-free sur-
vival, and low CD133 expression was associated with advanced
tumor stage. We suggest that further studies be performed to
evaluate whether the immunohistochemical method for deter-
mining the CD44 and the CD133 expressions is appropriate for
exploring cancer stem-cell biology in patients with colorectal can-
cer.
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