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Abstract
Background Identification of potential factors that can stratify tumors’ response to specific
therapies will aid in the selection of cancer therapy. Radioresistance is the major obstacles to
positive outcomes in bladder cancer patients after definite chemotherapy. CD44, a cancer stem
cell surface marker, is relevant in treatment resistance. In the present study, we examined the role
of CD44 in bladder cancer.
Methods We retrospectively analyzed the clinical outcomes of 85 bladder cancer patients treated
with definite chemoradiotherapy, and correlated the expressions of CD44 with IL-6 and treatment
response. Furthermore, the bladder cancer cell lines HT1197 and MB49 were selected for cellular
and animal experiments to investigate the links between the CD44, IL-6 and radiation response.
Results Analyzing the clinical specimen, the staining of CD44 was significantly linked with higher
clinical stage, lower complete response rates, higher loco-regional failure rate and lower survival
rate with intact bladder for patients treated with definite CCRT. In addition, the frequency of
CD44 immunoreactivity was significantly higher in IL-6-positive bladder cancer specimens. By
cellular experiments, the expression of CD44 was stimulated by IL-6 and linked with the cancer
stem cell-like property. As demonstrated through in vitro and animal experiments using
immunocompromised and immunocompetent hosts, CD44+ bladder cancer cells appeared more
resistant to irradiation, associated with less RT-induced cell death.
Conclusions Our findings suggested that CD44 is important in predicting the radiation response
of bladder tumor cells. If overexpressed CD44 and/or IL-6 were noted in pre-surgical specimens,
radical cystectomy is more likely to be preferred.
Key words: CD44; radiation response; cancer stem cells; bladder cancer.

Introduction
Approximately 30% of bladder cancer patients
present with muscle-invasive disease (MIBC) and
have an unfavorable prognosis. Radical cystectomy is
the gold standard for MIBC [1], with an undeniable
impact on urinary and sexual function. To spare the
bladder, trimodality therapy (chemotherapy and
concurrent radiation therapy (CCRT) following a
complete TURBT) has been investigated as a strategy

with approximately 50% long-term disease-free
survival reported in appropriately selected patients
[2,3]. On the basis of radioresistance and cancer
recurrence are the major obstacles to long-term
survival, this study was undertaken to determine the
potential molecular markers that can increase the
ability to predict which patients will response to
CCRT and disease recurrence for patients with
http://www.jcancer.org
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muscle-invasive bladder cancer.
It is well-documented that intratumoral
heterogeneity exists in human bladder cancer [4]. This
heterogeneity was observed histologically and
functionally
by
biological
assays
defining
proliferation, anchorage-dependent growth ability
and responses to therapies [5-7]. Cancer stem cells
(CSCs) have been reported to play a dominant role in
the resistance to current therapies leading to
recurrence [8, 9]. However, the lack of a universal CSC
marker as well as the ultimate lack of correlation
between the marker and the patients’ resistance to
therapy, is the major problem with the clinical role of
CSCs. Among stem cell markers, CD44 has been
shown to be relevant to resistance to treatment and to
lead to tumor growth in various types of cancer
[10-13]. Thus, CD44 may be a candidate biomarker for
predicting radiation response and clinical outcome in
bladder cancer. In the present study, we examined the
role of CD44+ cancer cells in the radioresistance in
vitro and in vivo and correlate the level of CD44 in
clinical specimens with the treatment response and
clinical outcome in MIBC patients treated with CCRT.
There
is
mounting
evidence
that
proinflammatory cytokines play critical roles in the
pathogenesis of bladder cancer [14, 15]. We previously
observed that the levels of IL-6 were positively
correlated with disease progression and prognosis in
bladder cancer [16]. It has been reported that the
activation of IL-6/ stat3 signaling in cancer and the
tumor microenvironment induces stem cell-linked
aggressiveness in cancer cells by enhancing
self-renewal activity and drug resistance [17, 18].
Therefore, we also investigate the link between IL-6
signaling and CD44 to explore the molecular
mechanisms and lead to more rational approaches for
bladder cancer.

Materials and Methods
Patient characteristics
The Institutional Review Board of our hospital
approved the present study. The written consents
were signed by the patients for their specimen and
information to be stored in the hospital and used for
research. A total of 85 patients with muscle-invasive
bladder TCC (39 with stage T2 and 46 with stages T3 –
T4) who completed a course of definite
chemoradiotherapy (CCRT) treatment were enrolled
in the study. On completion of CCRT, patients
underwent a repeat computed tomography scans (CT)
and cystoscopy examination to determine the
response to treatment. Patients were observed at
3-month intervals for the first 2 years and every 6
months thereafter. The end points were overall
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survival (OS), disease-free survival (DFS), failure
pattern and response to CCRT. Disease progression
was defined as documented local recurrence or
distant metastases. Analyses were performed using
SPSS version 17.0.

Immunohistochemical (IHC) staining
Formalin-fixed, paraffin-embedded bladder
tissues collected from bladder cancer patients who
underwent cystoscopy and/or TURBT at diagnosis
were subjected to immunochemical analyses. For the
present study, 4-mm-thick sections were prepared
from the paraffin blocks. Primary mouse monoclonal
antibodies for CD44 and IL-6 were obtained from Cell
Signaling Technology (Danvers, MA) and Abcam
(Cambridge, MA). The IHC data for the specimens
were
assessed
using
the
semi-quantitative
immunoreactive score (IRS). The IRS was calculated
by multiplying the staining intensity (graded as
follows: 0 = no, 1 = weak, 2 = moderate and 3 = strong
staining) and the percentage of positively stained cells
(0 = less than 10% of stained cells, 1 = 11–50% of
stained cells, 2 = 51–80% of stained cells and 3 = more
than 81% of stained cells). An IRS scoring grade of >=
2 was considered positive IHC scoring.

Cell culture and reagents
HT1197, a human bladder cancer cell line, was
obtained from the American Type Culture Collection
(ATCC). We maintained the bladder cancer cells in
DMEM supplemented with 10% foetal bovine serum.
Mouse bladder carcinoma MB49 cells were kindly
gifted from Dr Yi-Wen Liu [19]. The MB49 cells were
maintained in RPMI 1640 supplemented with 10%
FBS. No further authentication was conducted for the
two cancer cell lines.

Flow cytometry
The cells were blocked and subsequently stained
with antibodies against CD44. For apoptosis assays,
tumor cells were stained with antibodies against
7-AAD and annexin V 24 hours after 6Gy irradiation.
For cell cycle analysis, tumor cells were fixed and then
stained with PI 24 hours after 6Gy irradiation.

Ectopic and orthotopic tumor models
This study was performed in strict accordance
with the recommendations in the Guide for the Care
and Use of Laboratory Animals as promulgated by
the Institutes of Laboratory Animal Resources,
National Research Council, USA. The protocol was
approved by the Committee on the Ethics of Animal
Experiments of our hospital. Eight-week-old female
athymic nude mice were used as the xenograft tumor
implantation model. In the ectopic tumor
implantation model, 1 × 107 HT1197 tumor cells were
http://www.jcancer.org
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subcutaneously implanted by injection into the dorsal
gluteal region. To determine the radiosensitivity in
vivo, local irradiation to 15 Gy was performed when
the ectopic tumors reached 0.5 cm3 or at 2 weeks after
orthotopic tumor implantation. Radiosensitivity was
indicated as growth delay (i.e., the time required for
the tumor to recover the previous volume after
irradiation). Duplicate experiments were performed
for growth delay analyses. In addition, to investigate
the role of CD44 expression in immunocompetent
hosts [20-21], we examined the radiation response of
MB49, the corresponding syngeneic TCC cell line in
C57/BL6 mice, in vivo. Eight-week-old female C57
mice were used as the tumour implantation model. In
the tumor implantation model, 1 × 106 tumor cells
were subcutaneously implanted by injection into the
dorsal gluteal region.

Statistical analysis
The significance of the differences between the
samples was determined using Student’s t-tests. The
data are presented as the means ± standard error of
the mean (SEM). All experiments, comprising three
replicates, were performed at least twice indepen-
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dently. A probability level of p < 0.05 was considered
statistically significant, unless otherwise stated.

Results
Expression of CD44 in bladder cancer
Figure 1a showed the representative slides of
positive staining and negative staining with
anti-CD44 antibody for human bladder cancer
specimens at diagnosis. As listed in Table 1a, positive
staining for CD44 was evident in 38% (15/39) in T2
patients versus 65% (30/46) in T3-T4, P=0.013). The
staining of CD44 was also significantly linked with
higher LN metastasis, lower completed response rates
and higher loco-regional failure in 85 patients treated
with definite CCRT. Table 1b indicated that CD44 is a
significant predictor of developing disease failure
after treatment on multivariate logistic regression.
Furthermore, the staining of CD44 was linked with
lower survival with intact bladder achieving
statistical significance and diseased-free survival with
borderline significance for patients treated with
definite CCRT (Fig. 1 b-c). The findings suggested that
CD44 contributes to aggressiveness and treatment
resistance in bladder cancer.

Figure 1. IHC staining for human bladder cancer specimens (a) Representative slides of IHC staining with CD44 antibodies are shown (LPF, lower power
field; HPF, high power field). Survival differences according to the staining of CD44 in disease-free survival (b); and overall survival with intact bladder (c) of bladder
cancer patients treated with definite CCRT. The CD44-positive group exhibited reduced survival than the CD44-negative group.
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Relationship between CD44 expression and
IL-6 in bladder cancer
We previously reported that IL-6 is a significant
predictor for the prognosis and treatment response of
bladder cancer [16]. In the present study, we further
investigate the correlation between IL-6 and CD44. As
shown in Table 1a, Table 1b and Figure 2a, positive
staining for IL-6 was evident in 51% of the 85 cancer
specimens, and a significant positive correlation was
found in cancer specimen that expressed CD44 and
IL-6. Given the positive association between IL-6 and
CD44 expression in bladder cancer, we examined the
expression of CD44 in human bladder cancer cells
whose IL-6 was regulated. Flow cytometric analysis
and IF data revealed that IL-6 significantly increased
the level of CD44 expression at the cell surface (Figure
2b-c).

Expression of CD44 correlates with radiation
response of bladder urothelial carcinoma
Regarding the clinical data, the staining of CD44
was significantly linked with lower completed
response rates in patients treated with definite CCRT.
The findings strongly suggest that CD44 contributes
to treatment resistance in bladder cancer. Therefore,
the role of CD44 in radiation resistance and the
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mechanisms responsible were investigated. Colony
forming assay data (Fig. 3a), Anexin-PI staining (Fig.
3b) and cell cycle analysis (Fig. 3c) demonstrated that
the CD44-expressing cells was significantly resistant
to irradiation associated with decreased RT-induced
cell death and attenuated RT-induced G2M arrest.
Furthermore, tumor xenograft with CD44-expressing
cells appeared to have shorter tumor growth delay
after irradiation compared to CD44 (-) tumors (Fig.
3d). To investigate the role of CD44 in bladder cancer
in immunocompetent hosts, we examined the role of
CD44 in MB49, the corresponding syngeneic TCC cell
line in C57/BL6 mice, in vitro and in vivo. As shown in
Figure 4a, a higher level of CD44 was noted in IL-6
stimulated cells and sphere-forming cells than
parental cells. The data from the MB49 murine ectopic
tumor model (Fig. 4b) confirmed that the
CD44-expressing tumor appeared more radioresistant
due to shorter tumor growth delay after irradiation.
The ability to carry out DNA repair is the major
determinant
of
radiosensitivity.
Attenuated
RT-induced p-H2AX, an indicator of DNA damage,
was noted in CD44-expressing bladder cancer cells,
compared to CD44- tumor cells, in bladder cancer
cells.

Figure 2. Correlation between CD44 and IL-6 levels in human bladder cancer cells Representative images of positive IL-6 and CD44 staining on slides
from a selected tumor specimen, and representative negative staining for IL-6 and CD44 on slides from another tumor specimen, are shown. The levels of CD44 were
evaluated by (b) FACS with CD44 antibody; and (c) IF staining for human bladder cancer cells 48h after IL-6 stimulation in vitro. Representative slides are shown.
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Discussion
Despite continuous improvements in cancer
management, loco-regional recurrence or metastatic
spread still occurs in a high proportion of patients
after RT or combined treatments [22]. Understanding
the molecular mechanisms that underlie the
development of treatment resistance in bladder cancer
is pivotal to select therapy options, including radical
cystectomy and radiotherapy therapy. CSC has been
reported to play a potential role in the relapse and
resistance that occur in many tumors [23]. Increasing
evidence indicates that CSCs contribute to
radioresistance which could result in radiation
treatment failure [24]. CD44, a surface adhesion
molecule, has been proposed as stem cell marker.
CD44 has emerged as an important gene in multiple
aspects of cancer development and progression
including in bladder cancer cells [4, 25-27]. The main
goal of the present study was to examine the
usefulness of CD44 as a novel biomarker for
predicting the therapeutic outcomes of definitive
CCRT in patients with MIBC, in conjunction with the
expression of IL-6, which has already been reported as
a significantly predictor. We correlated the level of
CD44 with the clinical characteristics in bladder
cancer patients treated with definite CCRT.
Overexpressed CD44 was significantly associated
with higher clinical tumor stage and lymph node
involvement. In addition, enhanced expression of
CD44 was significantly associated with a lower
complete response rate after treatment and a higher
disease failure rate. The data indicated a role of CD44
in predicting the treatment efficacy of CCRT for
bladder sparing.
Increasing
evidence
suggests
that
the
inflammatory response can be rerouted into a
tumor-promoting direction, associated with poor
prognosis in various types of cancer [28, 29]. IL-6
signaling has been implicated in the regulation of
tumor growth and metastatic spread, and its level
could be correlated with poor prognosis in different
cancers [30-32]. Furthermore, it has been reported that
activation of IL-6/stat3 signaling in cancer and the
tumor microenvironment converted cancer cells into
CSCs by enhancing self-renewal activity and drug
resistance [17, 33-35]. We previously reported that
IL-6 is associated with the radiation response and
prognosis of bladder cancer [16]. Although only
borderline significance in the DFS rate was observed
between CD44+ and CD44- patients, the survival rate
with intact bladder and the loco-regional control rate
were indeed decreased in CD44+ patients, similar to
the influence of IL-6 expression on these outcomes.
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For IHC analyses using clinical specimens, there was a
positive correlation between the staining of CD44 and
IL-6. Furthermore, by cellular experiments, we
showed that incubation with IL-6 stimulated the
expression of CD44 in bladder cancer cells, and the
increase was linked with the dose of IL-6.
Accordingly, we suggested that IL-6 plays a critical
role in the induction of CD44+ cells in bladder cancer.
Table 1a. Baseline characteristics of patients

Patients with
muscle- invasive
bladder cancer
Age
Median
Range
Gender
Male
Female
IHC-IL-6
(-)
(+)
Clinical stage
T2
T3-T4
Histologic grade
Low
High
LN involvement
Negative
Positive
RT dose (cGy)
Mean
Median
Response to
definite CCRT
CR (+)
CR (-)
Loco-regional
Control
Failure
Disease status
Control
Failure (LR+DM)

p value

No. of patients
IHC-CD44 (-)

IHC-CD44 (+)

40

45

71
51-87

73
46-92

26
14

36
9

27
13

15
30

24
16

15
30

14
26

17
28

37
3

30
15

5833
5940

5722
5940

34
6

29
16

31
9

19
26

0.81

0.123

0.0001*

0.013*

0.489

0.003*

0.252

0.031*

0.0001*

0.007*
25
15

15
30

Abbreviations: CCRT =concurrent chemotherapy and radiotherapy; LN=lymph
node; CR=complete response;

Table 1b. Analysis to determine molecular markers associated
with the risk of disease failure for patients treated with CCRT
Variables
CD44 staining
Clinical stage (T2 vsT3-T4)
Treatment response (CR or
not)
LN involvement

Odd
ratios
0.294
2.302
4.565

95%
confidence interval
0.108-0.800
0.798-6.643
1.252-16.645

p

1.016

0.243-4.251

0.982

0.017*
0.123
0.021*
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Figure 3. Role of CD44 in radiation response of human bladder cancer cells Effects of CD44 on in vitro radiosensitivity were evaluated using irradiated
HT1197 bladder cancer cells sorted by CD44 expression; (a) Clonogenic assays 7 days after 3Gy irradiation; (b) FACS with 7-ADD and Annexin V staining 48 h after
6Gy irradiation; (c) cell cycle analysis 48 h after 6Gy irradiation. Effects of CD44 on radiosensitivity in vivo were also evaluated using ectopic HT1197 tumor in nude
mice at indicated time following 15Gy irradiation. Points, means of 3 separate experiments; bars, SD. *, P<0.05.

Radiotherapy failure is a major problem in the
treatment of malignancies. The expression of CD44
has been shown to be relevant in resistance to
chemotherapy
and
radiation
therapy,
and
suppression of its expression has been shown to lead
to delay in tumor growth in various types of cancer [4,
11, 12, 23]. For bladder cancer, CSC-related molecular
markers were reported to have potential prognostic
significance for treatment response. Ferreira-Teixeira
et al. [36] demonstrated that MIBC is enriched with a
heterogeneous stem-like population characterized by
enhanced
chemoresistance.
Furthermore,
Koukourakis et al. [37] reported that HIF1a and LDH5
were linked with high CD44 stem cell population, and
are markers of poor outcome in patients with bladder
cancer treated with radiotherapy. So far, there are no
reliable CSC markers in clinical practice. In the
present study, we provided evidence that CD44
expression characterizes a sub-set of cancer cells with

stem cell like properties and enhanced radioresistance
by
experiments
in
vitro,
and
in
both
immunocomprised and immunocompentent animal
models. We also observed the predictive value of
CD44 by a relatively large group of MIBC patients
treated with CCRT. Regarding our clinical data,
positive staining of CD44 was linked with lower
complete response rate and higher disease failure rate
in bladder cancer. To examine whether CD44+ cells
possess the radioresistant property, the sensitivity of
CD44- versus CD44+ cells to irradiation was assessed.
The radiation response was evaluated using assays
that take into account various types of
radiation-induced cell death, specifically, in vitro
clonogenic assays and in vivo tumor size
measurements. The data indicated that the survival
rates of CD44+ cells were higher under irradiation
compared with CD44- cells. Extensive DNA damage
caused by radiation that is left unrepaired can result
http://www.jcancer.org
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in cell death or clinical radiation sensitivity [38]. We
demonstrated that CD44+ cells were associated with
decreased RT-induced cell death, and attenuated the
expression of p-H2AX, an indicator of double-strand
breaks, induced by irradiation. Furthermore, by cell
cycle analysis [39], more cells were arrested in the G1
phase of the cell cycle in CD44+ cancer cells with
radiation compared to CD44- HT1197 bladder cancer
cells. The results validated a role for CD44+ cells in
radioresistance, which might explain the failure of
current therapies to eradicate cancer cells and prevent
tumor recurrence.
Emerging evidence suggests that the generation
of antitumor immune responses might play an
important role in tumor growth and the effectiveness
of radiotherapy. To address this issue, we examined
the significance of CD44 expression in bladder cancer
in immunocompetent hosts. The data revealed that
implanted CD44+ tumors appeared more aggressive
noted by murine orthotopic bladder tumor, and
higher resistance to radiation by ectopic tumors with a
shorter tumor growth delay after irradiation.
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Therefore, the data both in the immunocompromised
and immunocompetent host indicated that CD44+
cells play an important role in the treatment outcome
of bladder cancer.
These findings indicate that the expression of
CD44 positive linked with the development of
treatment resistance in bladder cancer, and activated
IL-6 signaling provides a suitable microenvironment
for the induction of CD44 expression. Thus a
prospective study that analyzes the expression of
CD44 and IL-6 in tumor tissue may allow more
accurate evaluation of the predictive ability for
therapeutic outcome in bladder cancers. If CD44
and/or IL-6 expression levels could be measured in
the serum or urine with the same predictive
properties derived from bladder cancer tissue, the
application of the former is likely to be preferred.
Furthermore, novel immune-based therapies for the
treatment of cancer are currently under development.
Targeting CD44 directly and/or indirectly by IL-6
signaling could be a promising strategy to improve
the prognosis for bladder cancer.

Figure 4. Expression of CD44 in murine MB49 bladder cancer cells in vitro and in vivo Levels of CD44 were evaluated by IF staining for murine MB49
bladder cancer cells 48h after IL-6 stimulation and sphere-forming cells in vitro (a). Representative slides are shown. Effects of CD44 on radiosensitivity in vivo were
also evaluated using ectopic MB49 tumor in immunocompetent c57 mice at indicated time following 15Gy irradiation (b). IHC analysis with p-H2AX antibody were
also evaluate 48 h after irradiation.
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