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CD133-positive cells have been reported to possess a cancer-initiat-
ing-cell phenotype and the property of resistance to chemoradia-
tion therapy in colorectal cancer. The aim of the present study was
to evaluate quantitative and locational changes in CD133-positive
cells in rectal cancer patients who received preoperative chemora-
diation therapy. The prognostic significance of CD133 expression
in patients with preoperative chemoradiation therapy was also
analyzed. Immunohistochemical staining for CD133 and cancer-ini-
tiating-cell marker CD44 were performed in 92 surgically resected
rectal cancers. Of the 92 cases, 43 patients received preoperative
chemoradiation therapy and 49 patients underwent surgery
alone. Forty pretherapic biopsy specimens from 43 patients in pre-
operative chemoradiation therapy group were also analyzed.
CD133-positive cases were more common in the preoperative
chemoradiation therapy group than in the surgery-alone group
(P = 0.03). Further, CD133-positive cases were more common in the
preoperative chemoradiation therapy group than in pretherapic
biopsy specimens (P = 0.02). In the preoperative chemoradiation
therapy group, the CD133-positive cases showed poorer prognosis
than the CD133-negative cases. On the other hand, the frequency
of CD44-positive case within cancer tissue was similar between the
preoperative chemoradiation therapy group and the surgery-alone
group. CD44 expression in the preoperative chemoradiation ther-
apy group was not associated with prognosis. CD44- and CD133-
positive cells were distributed evenly within the tumor both in the
preoperative chemoradiation therapy group and surgery-alone
group, and locational alteration was not observed. The therapy-
resistant ability of CD133-positive cells can be associated with
poor outcome in the patients with preoperative chemoradiation
therapy. (Cancer Sci 2010; 101: 906–912)

T he biological heterogeneity of human solid tumors has been
explained by the cancer stem-cell theory, according to

which a small fraction of cancer-initiating cells (C-ICs) is exclu-
sively responsible for the growth and maintenance of entire het-
erogeneous tumors.(1) C-ICs exhibit characteristics similar to
those of normal adult stem cells, including the property of self-
renewal or multipotency to differentiate into distinct cell types
and they have high tumor initiating potential when inoculated
into immunodeficient mice.(2,3) In addition, C-ICs possess the
property of resistance to chemoradiation therapy (CRT).(4) Even
a small fraction of therapy-resistant C-ICs may lie latent in a
specific anatomic location, called niche, then proliferate again
and cause a relapse after CRT.(5,6) Since the discovery of CD34
as a C-IC marker in acute leukemia, many C-IC markers have
also been reported in solid tumors.(7) CD133 and CD44 have
been identified as novel C-IC markers, including in brain, breast,
liver, prostate, and colorectal cancer.(8–13) CD133 is a trans-
membrane pentspan protein that is expressed in a variety of cells
in embryos.(14–16) Although its physiological role is not fully
known, CD133 contributes to the formation of plasma mem-
brane outgrowth. CD44 is a transmembrane glycoprotein that is
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involved in cell growth, survival, differentiation, and mortal-
ity.(17) C-IC-marker-positive cells may also possess the property
of CRT resistance. In fact, C-IC-marker-positive cells have been
reported to be enriched after therapy targeting the bulk of the
tumor in vitro and in a murine model.(18,19) As a result, C-IC
markers have also been reported to be targets for therapy
designed to eradicate heterogeneous solid tumors.(20,21)

Based on evidence of improved local control and survival,
preoperative CRT is now considered one of standard therapies
for rectal cancer.(22–25) Immunohistochemical comparison of
C-IC marker expression according to whether patients have
received preoperative CRT will provide an important clue to the
quantitative and spatial change in C-ICs that occurs during CRT
and which will lead to the assessment of the therapy resistance
and niche-forming properties of C-ICs.

The aim of this study was (1) to compare expression of C-IC
markers in the tumors of rectal cancer patients according to
whether they received CRT and to estimate the quantitative and
locational change in C-IC that occurs during CRT; (2) to ana-
lyze the associations between expression of the C-IC markers
and clinicopathological characteristics, including recurrence, in
a group that received preoperative CRT, in order to know their
clinical implications.

Materials and Methods

Patient characteristics. The 102 rectal cancer patients
received sphincter saving resection (SSR) at National Cancer
Center Hospital East between 2001 and 2005. Of these, 92
patients with preoperative or pre-CRT clinical stage II and III
disease according to the International Union Against Cancer
(UICC) TNM classification and who were estimated to have
undergone curative surgery were enrolled in this study.(26) Writ-
ten informed consent to tumor tissue collection and its use for
pathological and immunohistochemical study according to the
protocol approved by the local ethical committee was obtained.
Clinical staging was based on the colonoscopy, chest X-ray,
blood test, tumor marker, abdomen-pelvis computed tomogra-
phy, and magnetic resonance imaging findings. All tumors were
located in the lower third of the rectum. Of 92 patients, 43
received preoperative CRT, which consisted of preoperative
radiotherapy (45 Gy in 5 weeks, 25 fractions) and concomitant
chemotherapy of 5-fluorouracil (145 mg ⁄ mm2 per day, five
times for 5 weeks). Of the 43 patients in the preoperative CRT
group, 40 patients had histological confirmation of adenocarci-
noma in pretherapic biopsy specimens. SSR was performed
4–6 weeks after the completion of CRT. All patients with patho-
logical stage III disease received postoperative 5-fluorouracil-
based chemotherapy. Recurrence was diagnosed on the basis of
clinical examinations and imaging studies. Time to death, final
follow-up examination, and diagnosis of recurrence was
measured from the date of surgery.
doi: 10.1111/j.1349-7006.2009.01478.x
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Histological examination. All resected specimens were
opened anteriorly, pinned on a corkboard, and fixed in 10% for-
malin. The entire macroscopic tumor or fibrotic area was serially
sliced at 5-mm intervals, and the most representative slices were
identified and embedded in paraffin for histological evaluation.
Standard hematoxylin–eosin (H&E) sections were examined
independently by two pathologists (M.K. and A.O.) who were
unaware of the clinical findings. Discrepancies between
their findings were resolved by discussion. The pathologic stage
of the tumor and of the residual tumor was determined
according to the UICC TNM classification.(26) The sections were
also examined for lymphovascular invasion and perineural
invasion.

Microscopic features associated with preoperative CRT. The
43 cases in the preoperative CRT group were evaluated for
tumor down staging and histological regression. Reduction of
pathological T stage from clinical evaluation was defined as
tumor down stage in this study. Post-CRT histological tumor
regression was graded according to Dwork et al.(27) Next, we
evaluated previously reported microscopic parameters associ-
ated with preoperative CRT. Cases exhibiting cytoplasmic
eosinophilic change with nuclear atypia, including nuclear pleo-
morphism, and ⁄ or prominent nucleoli, and ⁄ or bizarre nucleus
over 50% of tumor area were recorded. Cases with mucous lake
more than 10% area of the tumor, distinct calcification, and for-
eign body giant cells were recorded.(28–31) Associations between
the microscopic features and clincopathological features were
evaluated in the preoperative CRT group.

Immunohistochemical study. Immunohistochemical staining
for CD133 and CD44 was performed on 5-lm paraffin sections
from the most representative area of the resected specimens.
Five-lm paraffin sections from 40 pretherapic biopsy specimens
from the 43 preoperative CRT group were also immunostained
for CD133 and CD44. CD133 staining was performed using
mouse anti-CD133 antibody (AC133; Miltenyi Biotec, Auburn,
CA, USA), and CD44 staining was performed using mouse anti-
CD44 antibody (DF1485; Novocastra Laboratories, Newcastle,
UK) as described previously.(32,33) Immunohistochemical
CD133 expression in more than 10% of tumor cells and CD44
expression in more than 50% of tumor cells were assigned as
positive.(32,33) To speculate the quantitative alteration during
CRT, the frequency of CD44-positive cases and CD133-positive
cases in the preoperative CRT group, surgery-alone group, and
pretherapic biopsy specimens were compared. Associations
Table 1. Clinicopathological and histological characteristics in the

preoperative CRT and surgery-alone groups

Characteristics
Preoperative

CRT group

Surgery-alone

group

P-

values

n 43 49

Age (mean ± SD) 55.9 ± 11.4 57.8 ± 9.7 0.38

Gender (male:female) 30:13 36:13 0.69

cT (0:1:2:3:4) 0:0:10:31:2 0:0:6:38:5 0.62

cN (0:1,2) 26:17 22:29 0.09

pT (0:1:2:3:4) 7:5:9:22:0 0:1:12:31:5 0.01>*

pN (0:1,2) 30:13 26:23 0.10

Lymphovascular invasion 41.9% (18 ⁄ 43) 71.4% (35 ⁄ 49) 0.01>*

Perineural invasion 18.6% (8 ⁄ 43) 44.9% (22 ⁄ 49) 0.01>*

Eosinophilia with

nuclear atypia

51.2% (22 ⁄ 43) 8.2% (4 ⁄ 49) 0.01>*

Mucous lake 32.6% (14 ⁄ 43) 16.3% (8 ⁄ 49) 0.07

Calcification 27.9% (12 ⁄ 43) 6.1% (3 ⁄ 49) 0.01>*

Foreign body

giant cells

18.6% (8 ⁄ 43) 2.0% (1 ⁄ 49) 0.01>*

*P < 0.05. cN, clinical N stage; CRT, chemoradiation therapy;
cT, clinical T stage; pN, pathological N stage; pT, pathological T stage.
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between CD133 expression and CD44 expression were evalu-
ated in the preoperative CRT group and surgery-alone group.
Associations between the immunohistochemical findings and
clinicopathological features were assessed in the 43 preoperative
CRT group. To elucidate the characteristics of CD133-positive
cells, and the difference in CD133-positive cells between the
preoperative CRT and surgery-alone groups, Ki-67 (1:100,
MIB-1; Dakocytomation, Glostrup, Denmark) and p53 (1:1000,
polyclonal antibody; Nichirei, Tokyo, Japan) immunostaining
were performed in CD133-positive cases. The average of
the Ki-67- and p53-positive ratio was determined using three
(g) (h)

Fig. 1. Histological and immunohistochemical CD133 expression in
the preoperative chemoradiotherapy case. (a) Low power view
of H&E section; (b) low power view of immunohistochemical
CD133 staining. CD133 expression in the upper circle is shown in
(c), and CD133 expression in the lower circle is shown in (d) in
high power magnification. The expressions of CD133 were not
different between the tumor surface and invasive area. Histological
and immunohistochemical CD44 expression in the preoperative
chemoradiotherapy case. (e) Low power view of H&E section; (f)
low power view of immunohistochemical CD44 staining. CD44
expression in the upper circle is shown in (g), and CD44 expression
in the lower circle is shown in (h) in high power magnification. The
expressions of CD44 were not different between the tumor surface
and invasive area.
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Fig. 2. Frequency of CD133- and CD44-positive
cases in rectal cancer cases in the preoperative
chemoradiation therapy (CRT) group, surgery-alone
group, and biopsy specimen before CRT. The
frequency of CD133-positive cases was significantly
higher in the preoperative CRT group than in the
surgery-alone group and preoperative biopsy
specimen (P = 0.03 and 0.02, respectively). On the
other hand, the frequency of CD44-positive cases in
these groups were similar.

Table 2. Relationships between immunohistochemical CD133 and

CD44 expression in the preoperative CRT and surgery-alone groups

Preoperative CRT

group P-values

Surgery-alone

group P-values

CD133(+) CD133()) CD133(+) CD133())

CD44(+) 2 8 0.90 0 10 0.46

CD44()) 6 27 2 37

CD133()), immunohistochemical CD133 expression within 10% of the
tumor; CD133(+), immunohistochemical CD133 expression over 10% of
the tumor; CD44()), immunohistochemical CD44 expression within
50% of the tumor; CD44(+), immunohistochemical CD44 expression
over 50% of the tumor; CRT, chemoradiation therapy.
photographs from CD133-positive and -negative areas with
high-power magnification, as reported previously.(32)

Statistical analysis. Differences in clinicopathological and
immunohistochemical features between the preoperative CRT
and surgery-alone groups were tested by the v2-test and t-test.
Associations between clinicopathological features and immuno-
histochemically detected CD133 and CD44 expressions were
tested by the v2-test. Kaplan–Meier analysis was used to esti-
mate overall survival (OS) and disease-free survival (DFS), and
differences were analyzed by the log-rank test. The Cox propor-
tional hazard model was used in the multivariate analysis. P-val-
ues <0.05 were considered statistically significant. Stadt Flex
version 5 for Windows software (Artec, Osaka, Japan) was used
to perform the statistical analysis.

Results

Clinicopathological and histological characteristics in the
preoperative CRT and surgery-alone groups. The clinicopatho-
logical differences between the preoperative CRT and surgery-
alone groups are listed in Table 1. Mean age and the gender
ratio in the two groups were similar. cT, cN, and pN stage were
also similar in the two groups. On the other hand, pT stage in
the preoperative CRT group was significantly lower than in the
surgery-alone group (P < 0.01). The microscopic parameters of
lymphovascular invasion, perineural invasion, eosinophilia with
nuclear atypia, calcification, and foreign body giant cells were
significantly more common in the preoperative CRT group than
in the surgery-alone group (P < 0.01). Mucous lakes were more
Table 3. Ki-67 and p53 expression in CD133-positive and -negative areas

Preoperative CRT group

CD133-positive area CD133-negative area

Ki-67 expression (%) 1.45 ± 2.52 2.27 ± 4.06

p53 expression (%) 18.8 ± 35.4 22.7 ± 40.8

CRT, chemoradiation therapy.
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common in the preoperative CRT group than in the surgery-
alone group, but the difference was not statistically significant.

Immunohistochemically detected CD133 and CD44 expression
in the preoperative CRT and surgery-alone groups. There were
no differences in the distribution of CD133- and CD44- express-
ing cells between the invasive area and surface area in either the
CRT group or the surgery-alone group (Fig. 1). Prevailing local-
izations of CD133- or CD44-positive cells in the invasive front
or perivascular area were not found. Immunohistochemical
expression of CD133 and CD44 was compared among the pre-
operative CRT group, surgery-alone group, and pretherapic
biopsy specimen (Fig. 2). The frequency of CD133-positive
case was significantly higher in the preoperative CRT group
in the preoperative CRT and surgery-alone groups

P-values
Surgery-alone group

P-values
CD133-positive area CD133-negative area

0.63 2.33 ± 0.82 2.26 ± 2.10 0.97

0.93 5.25 ± 7.42 5.99 ± 7.94 0.84

doi: 10.1111/j.1349-7006.2009.01478.x
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Table 4. Clinicopathological characteristics and CD133 and CD44

expression in the preoperative CRT group

Total n
CD133 positive

P-values
CD44 positive

P-values
n (%) n (%)

cT

cT1,2 10 2 (20.0) 0.89 3 (30.0) 0.56

cT3,4 33 6 (18.2) 7 (21.2)

cN

cN1,2 17 3 (17.7) 0.90 4 (23.5) 0.97

cN0 26 5 (19.2) 6 (23.1)

ypT

pT0-2 21 3 (14.3) 0.48 6 (28.6) 0.42

pT3 22 5 (22.7) 4 (18.2)

ypN

ypN1,2 13 4 (30.8) 0.18 4 (30.8) 0.44

ypN0 30 4 (13.3) 6 (20.0)

Lymphovascular invasion

Present 17 4 (23.5) 0.50 7 (41.2) 0.02*

Absent 26 4 (15.4) 3 (11.5)

Perineural invasion

Present 8 3 (37.5) 0.13 0 (0) 0.08

Absent 35 5 (14.3) 10 (42.9)

Tumor down stage

Present 21 2 (9.5) 0.13 4 (19.0) 0.52

Absent 22 6 (27.3) 6 (27.3)

Dworak grade of regression

Grade 0–2 28 7 (25.0) 0.14 8 (28.4) 0.26

Grade 3,4 15 1 (6.7) 2 (13.3)

Eosinophilic change with nuclear atypia

Present 22 6 (27.3) 0.13 7 (28.6) 0.17

Absent 21 2 (9.5) 3 (14.3)

Mucous lake

Present 14 2 (14.3) 0.61 3 (21.4) 0.84

Absent 29 6 (20.7) 7 (24.1)

Calcification

Present 12 2 (16.7) 0.84 2 (16.7) 0.52

Absent 31 6 (19.4) 8 (25.8)

Foreign body giant cells

Present 8 1 (12.5) 0.62 1 (12.5) 0.42

Absent 35 7 (20.0) 9 (25.7)

*P < 0.05. cN, clinical N stage; CRT, chemoradiation therapy;
cT, clinical T stage; ypN, pathological N stage; ypT, pathological T
stage.

Table 5. Clinicopathological characteristics and DFS in the pre-

operative CRT group

n

DFS

5-years free

of recurrence (%)
P-values

cT

cT1,2 10 60.0 0.31

cT3,4 33 65.5

cN

cN0 26 70.5 0.17

cN1,2 17 52.6

ypT

ypT0-2 21 75.0 0.11

ypT3 22 51.1

ypN

ypN0 30 74.8 0.03*

pN1,2 13 37.9

Lymphovascular invasion

Present 17 44.6 0.09

Absent 26 80.6

Perineural invasion

Present 8 50.0 0.16

Absent 35 66.2

Eosinophilic change with nuclear atypia

Present 22 54.5 0.49

Absent 21 75.1

Mucous lake

Present 14 64.3 0.93

Absent 29 62.9

Calcification

Present 12 83.3 0.40

Absent 31 57.9

Foreign body giant cells

Present 8 50.0 0.90

Absent 35 67.2

Tumor down stage

Positive 22 73.2 0.15

Negative 21 53.7

Dworak grade of regression

Grade 0–2 28 59.8 0.30

Grade 3,4 15 65.0

CD133 expression

Positive 10 23.4 0.01*

Negative 33 72.9

CD44 expression

Positive 10 66.7 0.74

Negative 33 63.0

*P < 0.05. cN, clinical N stage; CRT, chemoradiation therapy;
cT, clinical T stage; DFS, disease-free survival; ypN, pathological N
stage; ypT, pathological T stage.
than in the surgery-alone group and pretherapic biopsy specimen
(P = 0.03 and 0.02, respectively). On the other hand, the fre-
quencies of CD44-positive cases in these groups were similar.
The evaluations of the associations between CD133 and CD44
expression showed no associations between them in either group
(Table 2).

Ki-67 and p53 expression in CD133-positive and negative
areas. Ten CD133 positive cases were immunostained for anti-
Ki-67 and anti-p53 antibody. The Ki-67 and p53 positive ratios
were not different between the CD133-positive and -negative
areas both in the preoperative CRT group and surgery-alone
group. Further, the Ki-67 and p53 positive ratios in CD133 posi-
tive area were not different between the preoperative CRT group
and surgery-alone group (Table 3).

Association between CD133 expression and CD44 expression
and the clinicopathological features in the preoperative CRT
group. Associations between CD133 expression, CD44 expres-
sion, and clinicopathological features were evaluated in the pre-
operative CRT group (Table 4). CD133 expression was not
associated with any of the clinicopathological features. Signifi-
cantly more CD44-positive cases were found among the cases
Kojima et al.
that were positive for lymphovascular invasion (P = 0.02), but
CD44 expression was not associated with any other clinicopath-
ological features.

CD133 expression, CD44 expression, and patient outcome in
the preoperative CRT group. The Kaplan–Meier survival curves
for the immunohistochemically CD133-positive and -negative
cases and CD44-positive and -negative cases are shown in
Figure 3. Both OS and DFS were significantly shorter in the
CD133-positive cases than in the CD133 negative cases
(P < 0.01 and P = 0.01, respectively). On the other hand, OS
and DFS in the CD44-positive and -negative cases were similar.

Clinicopathological characteristics and patients’ outcome in the
preoperative CRT group. The associations between clinicopath-
ological features and DFS in the patients with preoperative CRT
Cancer Sci | April 2010 | vol. 101 | no. 4 | 909
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Fig. 3. Overall survival (OS) and disease-free
survival (DFS) curves for the impact of CD133 and
CD44 expressions on rectal cancer patients in the
preoperative chemoradiation therapy (CRT) group.
CD133 expression was a significant predictor of
shorter OS (P = 0.01) and DFS (P < 0.01) in the
preoperative CRT group. On the other hand, CD44
expression was not a predictor of shorter prognosis.
N.S., not significant.
are shown in Table 5. Pathological ypN stage was significantly
associated with DFS (P = 0.03). None of the other clinicopatho-
logical variables were associated with DFS. The results of a
multivariate analysis that included ypN and CD133 showed that
neither was an independent prognostic factor (data not shown).

Discussion

CD133-positive cells have been reported to be chemoradiation
resistant and to be responsible for post-treatment recurrence.
CD133-positive fraction of glioblastoma has been found to be
enriched post radiation therapy in vitro and in vivo models.
CD133-positive glioblastoma cells from irradiated and untreated
tumors exhibit the same C-IC properties of high tumor-initiating
potential and multipotency to differentiate into astrocytes and
oligodendrocytes.(19) In colorectal cancer, developed chemore-
sistant cell lines have been reported to be enriched for CD133-
and CD44-positive fraction when compared with their parental
cells, and the same cell lines have also shown the increased abil-
ity to form colonies under anchorage-independent conditions,
which is one of characteristics of C-ICs.(18) We and others have
previously reported the finding that CD133 expression in colo-
rectal cancer is associated with differentiation and a poorer
prognosis in cases that did not receive preoperative CRT.(32,34)

Because many of the cases in our previous series received post-
operative chemotherapy, the therapy-resistant abilities of
CD133-positive cells after operation could be associated with
these results. Therefore, in the present study, we immunohisto-
chemically analyzed CD133 and CD44 expression and the distri-
bution of their expression in human rectal cancer tissue after
CRT. This is the first study to compare immunohistochemically
detected CD133 expression in human rectal cancer tissue in
patients who received and did not receive preoperative CRT.
Although surgical specimens are inadequate to assess time-
910
dependent histological change before and after CRT, we believe
that comparisons between patients in similar cohorts who
received and did not receive preoperative CRT, as in this series,
are adequate to determine whether the survival of C-IC-marker-
positive cells is a phenomenon that actually occurs in human
cancer tissue. Immunohistochemical results in a pretherapic
biopsy specimen were similar to that of the surgery-alone group.
Moreover, this fact also seemed to support the validity of this
study. The results in this study of human tissue showing an
increased frequency of CD133-positive cases in the post-CRT
state are consistent with the results of previous experimental
reports. We have never known whether the increase of CD133-
positive cells or the decrease of CD133-negative cells contrib-
utes to the enrichment of CD133-positive cells in human cancer
tissue. The amount of total cancer cells is more or less decreased
post CRT, even though, the CD133-positive area was restricted
in 10–20% of the tumor even in the CD133-positive cases.
Therefore, we speculate that CD133-negative-therapy susceptive
cells were mainly decreased 4–6 weeks after CRT. Because
CD133 expression is also a prognostic factor in rectal cancer
cases that have received preoperative CRT, the therapy-resistant
ability of CD133 may also be associated with the poor outcome
of these patients. CD133 immunostaining in a pretherapic
biopsy specimen can be useful to predict CRT sensitivity and
further study is required. However, the low positivity of CD133
can disturb its utility in the clinical setting. Cancer proliferation
and p53 status may also be associated with sensitivity to chemo-
radiation therapy.(35,36) On the other hand, our previous study
revealed the lack of association between CD133 expression and
Ki-67 and p53 expression in the case without preoperative CRT.
This study also revealed the lack of association in the case with
preoperative CRT. Further, the Ki-67 and p53 expression in the
CD133-positive area was not affected by preoperative CRT.
CD133-positive cells were reported to show therapy resistance
doi: 10.1111/j.1349-7006.2009.01478.x
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through activation of the DNA damage checkpoint response.(19)

Proliferation or p53 status may not be associated with the ther-
apy-resistance ability of CD133.

The perivascular area and invasive front are candidates for
cancer stem-cell niches in colorectal cancer.(37,38) However, in
our previous study, CD133-positive cells were found to be dis-
tributed evenly throughout the tumor. Prevailing localization of
CD133-positive cells in the invasive front or perivascular area
was not found in colorectal cancer without preoperative CRT.
Then, we estimated that post-CRT status could be reasonable to
detect therapy-resistant niche formation of C-IC. However, as in
the surgery-alone group, CD133-positive cells were evenly dis-
tributed within the tumors in the preoperative CRT group.
Therefore, the therapy-resistant niches may be evenly distrib-
uted. Otherwise, CD133 may not be adequate to detect C-IC
niche formation in colorectal cancer.

Examination of immunohistochemically stained serial sec-
tions and flow cytometric analysis revealed that CD133 and
another C-IC marker of CD44 expression rarely co-exist in the
same colorectal carcinoma cells.(39) Similarly, CD133 and
CD44 expression were not associated in either the preoperative
CRT or surgery-alone groups in this study. The functional
importance of CD44 as a cancer stem cell has been reported in
colorectal cancer, and association with drug resistance has also
been reported.(18,39) Despite these findings, we failed to find any
quantitative or locational differences in CD44-positive cells
according to whether patients received preoperative CRT. Fur-
thermore, CD44 expression was not associated with clinical out-
come in the preoperative CRT group. The prognostic
significance of CD44 is controversial in the case without preop-
erative CRT.(40,41) Adhesive activity of CD44 was reported to
Kojima et al.
be modulated by many cofactors. Further, some C-IC markers
were reported to be better prognostic markers.(42) Therefore, we
speculate that CD44 alone may not be enough to affect patient
prognosis, and positivity of C-IC markers may not always asso-
ciate with patients’ prognosis. Although its significance is
unknown, CD133-positive and CD44-positive cells seemed not
to be identical, and the changes in their expressions after CRT
also seemed to be different.

In conclusion, CD133-positive cases were found to be more
common in the group that received preoperative CRT than in
the surgery-alone group. In addition, CD133 expression was
associated with a poor outcome in the preoperative CRT group.
CD133 expression is useful predictor of prognosis in rectal can-
cer patients who have received preoperative CRT. The anti-
chemoradiotherapy property of CD133 may be associated with
poor patient outcome.
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