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Abstract. A better understanding on the development of a
metastatic phenotype in colorectal cancer (CRC) is essential
to help identify patients at high risk for metastasis. Therefore,
we have studied the role of the CD44 family of trans-membrane
glycoprotein in the process of CRC metastasis, by examining
the expression of CD44s and CD44v6 in primary tumours
and their metastatic lesions in 46 patients using immuno-
histochemistry. The expression of both CD44s and CD44v6
was significantly higher (moderate/strong) in primary
tumours as compared to their metastases (p=0.008,
p=0.0001, respectively). CD44s expression in metastases
increased with the degree of the histological grade (p=0.009)
and invasiveness of the primary tumour (p=0.002). Disease-
free survival (DFS) was shorter in patients who had
metastases with a strong/moderate expression of CD44s as
compared to those with negative/weak expression (8.3
months vs 16.9 months p=0.221, respectively). Our finding
that CD44s expression in metastatic lesions may reflect the
aggressiveness of the primary tumour from which it has
originated implicates an important link between the two
lesions. CD44 expression may also provide valuable
biological information as suggested by the observation that up-
regulated CD44s expression in metastases is associated with a
shorter DES.

Introduction

Colorectal cancer (CRC) was the second most frequent cancer
in Europe in 2004, responsible for 13% (376,400) of all

Correspondence to: Dr R. Bendardaf, Department of Oncology and
Radiotherapy, Turku University Hospital, Savitehtaankatu 1, PB 52,
FIN-20521, Turku, Finland

E-mail: riyben@utu.fi

Abbreviations: CRC, colorectal cancer; DFS, disease-free survival;
DSS, disease-specific survival; CEA, carcinoembryonic antigen;
ECM, extracellular matrix; BM, basement membrane; HA, hyaluronic
acid; T, depth of primary tumour invasion; G, primary tumour grade

Key words: colorectal cancer, CD44, stage, grade, survival

incident cancer cases. It is also the second most frequent
cause of cancer mortality, with 11.9% (203,700) annual
deaths (1). CRC has a relatively poor prognosis, the outcome
being determined by the extent of local and metastatic
tumour spread. The estimated 5-year survival rate ranges
from nearly 90% in stage I disease (Dukes A) to <10% in
patients with metastatic disease (Dukes D) (2). Post-
operative adjuvant chemotherapy is known to improve the
outcome in stage III (Dukes stage C) CRC and is widely
accepted as standard therapy (3). The majority (up to 90%) of
CRC patients undergo surgery, but ~50% of those patients
initially believed to be cured by surgery, will relapse and die
of their disease (4,5). Once metastasis has developed, treatment
is mostly palliative. There is an urgent need to focus
research on the molecular events involved in the process of
metastasis. Identifying the molecular markers of a metastatic
phenotype is a prerequisite for developing new therapeutic
approaches in CRC.

CD44, a trans-membrane glycoprotein molecule, is a
widely expressed cell surface hyaluronan receptor found in
normal epithelial, mesenchymal and haematopoietic cells.
This family of molecules is generated from a single gene by
alternative splicing and differential glycosylation (6). The
interaction between CD44 and hyaluronan mediates both
cell-cell and cell-extracellular matrix interactions. The CD44
family is important in a variety of physiological and patho-
logical processes, including wound healing and leukocyte
extravasation at sites of inflammation, development of
metastasis (6,7). These biological properties are essential for
the activity of normal cells, but they are also associated with
many of the pathological functions of cancer cells (8). CD44
is known to induce tumour necrosis factor (TNF) and
interleukin-1 (IL-1) release, and consequently, it is considered
to play an important role in the metastatic process. However,
the precise mechanisms of CD44 functions are still unknown
(9-11).

In normal colorectal mucosa, CD44s is only expressed by
a few crypt epithelial cells, but is present in >80% of the
stromal cells (12). A potential role for CD44 in colorectal
tumorigenesis was first suggested by the detection of CD44s
in tumour tissues, shown to be markedly increased in adenomas
and CRC (12). Similarly, the CD44v6 isoform has also been
linked with CRC in several recent studies (12-14).


https://www.spandidos-publications.com/10.3892/or.16.4.741

742

Table I. Key characteristics of the patients and their tumours.

Variables Number (%)
No. of patients 46 (100)
Female 27 (58.7)
Male 19 (41.3)
Primary tumour (T)
T1 0(0.0)
T2 1(2.2)
T3 37 (80.4)
T4 8(17.4)
Nodal involvement (N)
NO 22 (47.8)
N1 21 (45.7)
Nx 3(6.5)
Tumour grade (G)
Grade 1 11 (23.9)
Grade 2 29 (63.0)
Grade 3 6 (13.1)
Dukes staging
Stage B 9 (19.6)
Stage C 10 (21.7)
Stage D 27 (58.7)
Site of metastases
Liver 14 (30.4)
Local 6 (13.0)
Omentum 6 (13.0)
Mesentry 4(8.7)
Ovary 3(6.5)
Peritoneum 3(6.5)
Lymph nodes 2(4.3)
Lung 2(4.3)
Bone 24.3)
Other 4 (8.7)

To elucidate the role of CD44 in the development of a
metastatic phenotype in CRC, we examined the expression of
CD44s and CD44v6 isoforms both in primary tumours and
their metastatic lesions in a series of patients with locally
advanced or metastatic CRC.

Materials and methods

Patients, treatment and follow-up. A series of 46 patients
were treated for Dukes B, C and D colorectal cancer at the
Department of Oncology and Radiotherapy, Turku University
Hospital and six other hospitals of the same hospital district,
between January 1996 and August 2003. The key character-
istics of the patients and their tumours are summarised in
Table I. At diagnosis, 27 patients had metastasis and the
remaining patients developed a metastatic disease during the
follow-up. The patients were prospectively followed-up until
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death, with a mean follow-up time of 32.3 months (median
28.2).

The collection of tumour samples was approved by the
National Authority for Medicolegal Affairs. The study design
was approved by the local Ethics Committee, and it was
compliant with the Declaration of Helsinki.

Immunohistochemical detection of CD44s, and CD44v6
expression. Forty-six pairs of formalin-fixed, paraffin-
embedded primary tumours and their metastases were
obtained from 46 patients. Sections were cut serially at 5 ym
for routine H&E staining and for immunohistochemical
analysis. An experienced pathologist confirmed all histo-
logical diagnoses.

CD44s and CD44v6 expression was studied immuno-
histochemically using two monoclonal antibodies, Hermes 3
and 20E6. Hermes 3 recognizes an epitope in the constant
region of human CD44, while the 20E6 antibody recognizes
the v6-isoform of the CD44 molecule. Production and
characterization of these mAbs has been described previously
(7,15). Detection was performed using the streptavidin-biotin
method (Vectastain ABC kit). Formalin-fixed paraffin-
embedded sections were deparaffinised in xylene, rehydrated
in graded alcohol, immersed in 0.01 M citrate buffer (pH 6.0),
heated in a domestic microwave oven at full power for 2x7 min
and left in the buffer to cool to room temperature. The
sections were incubated in 0.3% hydrogen peroxide for 20 min
to block endogenous peroxidase activity. Incubation with the
primary antibody diluted in 1% bovine serum albumin/Tris-
buffered NaCl (CD44s 1:100 and CD44v6 1:30) was carried
out overnight in a humid chamber at 4°C. The following day
the slides were washed and incubated first with the biotinylated
secondary antibody (30 min, 20°C), then with avidin-biotin-
peroxidase complex (30 min, 20°C). Positive staining was
visualised with 3,3' diaminobenzidine (DAB) substrate
solution and the sections were counterstained with Mayer's
haematoxylin. As negative controls, slides were processed
with the omission of the primary antibody.

CD44s and CD44v6 expression was assessed by two
independent observers blinded to the clinical data (R.B. and
H.L.). The expression was weighted according to the total
tumour area and categorised according to its intensity,
following the method described in detail previously (16).

Statistical analysis. Statistical analyses were performed using
the SPSS® (SPSS, Inc., Chicago, USA) and STATA (Stata
Corp., TX, USA) software packages (SPSS for Windows,
version 12.0.1 and STATA/SE 9.1). Frequency tables were
analysed using the Chi-square test, with the likelihood ratio
(LR) or Fisher's exact test being used to assess the
significance of the correlation between the categorical
variables. Differences in the means of continuous variables
were analysed using non-parametric tests (Mann-Whitney)
or Kruskall-Wallis for 2- and K-independent samples,
respectively. ANOVA (analysis of variance) was only used
for deriving the mean values (and the SD) of each individual
category. Univariate survival (life-table) analysis for the
outcome measure (DSS, DFS) was based on Kaplan-Meier
method. Multivariate survival analysis was run by using Cox's
proportional hazards model in a backward stepwise manner
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Figure 1. Immunohistochemical staining of CD44s (a-c) and CD44v6 (d-f); (a and d) weak expression, (b and e) strong expression (x20 magnification), (¢ and f)
comparison of normal and tumour tissue; (c) CD44s expression can be seen in normal epithelial cells at the base of crypts (x10 magnification).

with the log-likelihood ratio (L-R) significance test, and using
the default values for entry and exclusion criteria. The
assumption of proportional hazards was controlled by log-
minus-log (LML) survival plots. In all tests, the values p<0.05
were regarded statistically significant.

Results

The expression of both CD44s and CD44v6 was scored as
negative, weak, moderate and strong, and for statistical analysis
categorised into two groups; negative/weak or moderate/
strong expression, as illustrated in Fig. 1.

None of the primary tumours showed negative expression
of CD44s, while 20 cases showed weak expression, 20
demonstrated moderate expression and the remaining 6 had
strong expression. Comparing the primary tumours with their
metastases, the latter showed absent or weak expression more
often (p=0.008, Fisher's exact test) (Fig. 2a). CD44v6
expression showed a similar pattern, with a more pronounced
difference between the primary tumours and the metastases
(p=0.0001) (Fig. 2b).

CD44s (but not CD44v6) expression in metastases
significantly increased with the degree of primary tumour
invasion (T) (p=0.002, Fisher's exact test). Twenty-seven
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Figure 2. (A) Comparison of CD44s expression in primary and metastatic lesions. (B) Comparison of CD44v6 expression in primary and metastatic lesions.

Table II. CD44s expression in metastases compared to the
primary tumour stage and grade.

CD44s expression in

metastases
Negative/ Moderate/ Significance
weak strong
Primary tumour stage p=0.0022
T2 1(34) 0(0)
T3 27(93.1) 10(58.8)
T4 1(34) 7(412)
Tumour grade p=0.009*
Grade 1 10 (34.5) 1(5.9)
Grade 2 18 (62.1) 11(64.7)
Grade 3 1(3.4) 5(1294)

“Fisher's exact test.

percent of all T3 tumours had metastases with moderate to
strong CD44s expression, whereas 87.5% of metastases from
T4 tumours showed moderate to strong CD44s expression
(Table II). Expression of CD44s in metastases was also
associated with the primary tumour grade, increasing with
the loss of differentiation (i.e. increasing grade); 83% of grade
IIT tumours had metastases with moderate/strong CD44s
expression, as compared to only 9% of grade I tumours
(p=0.009) (Table II).

Disease-specific survival (DSS) and disease-free survival
(DFS) were calculated, based on the time from diagnosis to
death (due to disease), and on the time from diagnosis to the
appearance of metastatic disease, respectively. In calculating
DSS, all patients who died of other or unknown causes were
treated as censored cases. DFS was shorter among (Stage B
and C) patients whose metastases showed moderate/strong
CD44s expression, 8.3 months compared to 16.9 months in
patients with negative/weak CD44s expression in their
metastases (p=0.221, Mann-Whitney test). In this analysis,
all Dukes D cases were omitted, because they already had

metastases at the time of diagnosis. No such association was
found for CD44v6.

There was no significant association of CD44s or CD44v6
expression with age, sex and other clinical or histo-
pathological variables including, tumour localization, TNM
staging and CEA levels. Similarly, CD44s and CD44v6 in
the primary tumours were not predictors of DFS or DSS in
univariate or multivariate analyses.

Discussion

This is the first study, where CD44 expression levels in
primary colorectal cancer are compared with their
corresponding metastases, and showing that CD44
expression in the metastatic lesions is closely related to the
advanced stage of the disease, a high grade of the primary
tumour, and a short time to relapse. These data contribute to
a better understanding of the events predisposing to
development of the metastatic phenotype in CRC, which is
essential to help identify the patients at increased risk for
metastasis, to be subjected to closer surveillance and
individually tailored therapies.

In the metastatic process of all epithelial neoplasia, loss
of adhesive functions and gain of new adhesive functions are
thought to play a critical role (17). CD44 is one of the mole-
cules suggested to play a role in the development of metastases
in the lymph nodes and in distal organs (18). In normal colon,
members of the CD44 family are weakly expressed by a few
epithelial cells at the base of crypts (13). The exact role of
CD44s in epithelial metastases is more controversial, however,
some studies suggest that CD44 up-regulation might be
important in tumour invasion and spread of malignancies
(19,20), while others implicate that down-regulation or absence
of CD44 is a reflection of tumour aggressiveness (21,22).
There is also some debate concerning the significance of the
CD44v6 isoform in CRC, with conflicting reports regarding
its prognostic value. While several authors report that
CD44v6 expression is associated with the advanced stage of
the disease, liver metastasis and poor prognosis in CRC
(23-26), there are others who failed to find any significant
correlation between CD44v6 expression and disease
progression (27-29). As a continuation to our previous study
disclosing up-regulated CD44v6 as an important predictor of
treatment response in advanced CRC (16), the present study
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metastases, in order to cast further light on these
controversies.

We found that the expression of both CD44s and CD44v6
variant was significantly higher (moderate/strong) in primary
tumours as compared to their metastases (Fig. 2). Considering
the fact that CD44s and CD44v6 expression is almost absent
in normal colonic mucosa, this would implicate a considerable
increase in expression during tumorigenesis. As compared to
the primary tumours, metastatic lesions in general tended to
show reduced or absent expression, suggesting that CD44s
and CD44v6 expression is down-regulated during the phase
of tumour dissemination and/or establishment of metastatic
deposits at the specific organ sites. This reduction is only
relative, however, and all metastatic lesions still expressing
CD44s and CD44v6 at a high level as compared with normal
colonic mucosa. This relative reduction of CD44 expression
could signify that: i) it might confer a greater metastatic
potential (by decreasing the cell adhesion) to the tumour cells
during the dissemination process, or ii) these observed
differences in CD44 expression might not occur until the
cells have established a viable colony at the site of
metastasis. Certainly, many genes that have been implicated
in the process of metastasis are reported to be active at the
final stage of tumour cell colonization (30,31). However, if
this were the case organ-specific differences in CD44
expression in the metastatic deposits would be expected, but
in the present study, CD44s and CD44v6 expression did not
correlate with the site of metastasis (data not shown in
Tables).

The expression of CD44s (but not CD44v6) in the
metastatic lesions was closely associated with both the grade
of the primary tumour (G), as well as with the depth of tumour
invasion (T), both suggesting that the level of expression of
CD44s in metastases may reflect the aggressiveness of the
primary tumour of origin. The local invasion of the primary
tumour was most advanced among the cases with moderate/
strong CD44s expression in metastases. This is consistent
with the study of Fernandez et al who demonstrated a
significant relationship between CD44s expression and the
high proliferation rate and aggressiveness in colorectal tumours
(32). However, other groups have reported that loss of
differentiation is associated with the down-regulation of
these adhesion molecules in adeno-squamous carcinomas
(33). It is important to emphasise that the majority of these
previous studies have examined CD44 expression in the
primary tumours only, whereas we analysed both primary
tumours and their metastases, which offers a better
opportunity to monitor the dynamic changes in CD44
expression during the development of a metastatic
phenotype.

The cell adhesion mechanisms play an important role in
tumour invasion, including those mediating the attachment of
tumour cells to extracellular matrix (ECM) and basement
membranes (BM). Both the degradation of BM and migration
through ECM are facilitated by the interaction of CD44 with
hyaluronic acid. Therefore, it is possible that the over-
expression of CD44s in the primary tumours provides the
cells with an increased potential to migrate and invade ECM,
and also facilitates their attachment at distant sites forming

Indeed, the invasion of CRC has been shown to be dependent
on the interaction between CD44s and ECM, via HA (34,35).
Consistent with this is our observation that the time elapsed
for metastatic disease to develop was shorter in patients with
strong/moderate expression of CD44s as compared to patients
whose metastases showed negative/weak CD44s expression
(8.3 months vs 16.9 months). However, this result was not
significant because of the small number of patients (n=18)
that developed metastases during the follow-up (the majority
of patients had metastatic disease at diagnosis and were
excluded from this particular analysis). However, previous
studies have reported a significant association of CD44s
expression with the advanced stages of the disease and these
studies showed that the expression of CD44 in CRC tissues is
significantly higher than in adjacent normal tissues (14,24)
and also that the CD44 expression correlated with a poor
prognosis in CRC (24,36).

Failing to establish a direct prognostic value for CD44s or
CD44v6 expression in the primary tumour suggests that,
indeed, the changes in these expressions that take place in
metastases may be more informative on the eventual disease
outcome. As shown in this study, increased expression of
CD44s and CD44v6 in the primary tumours facilitates local
invasion and dissemination to distant metastatic sites. This is
followed by a relative decrease in CD44s expression at the
metastatic deposits, as indicated by the significant differences
in CD44 expression between the primary tumour and its
metastases. Indeed, when these primary-metastasis (P-M)
pairs were treated as paired data using the Wilcoxon signed
ranks test, the difference in both the CD44s and CD44v6
expression between primary tumours and their metastases
was even more significant (p=0.003 p=0.0001), respectively.

Our finding that CD44s expression in the metastatic lesion
may reflect the aggressiveness (i.e. stage and grade) of the
primary tumour from which it has originated is an important
novel observation and reveals an interesting link between the
two lesions. We also observed that higher levels of CD44s
expression in metastases were associated with a shorter DFS,
which may not necessarily implicate a poor prognosis, if there
is a good response to treatment, as previously shown to be the
case with CD44v6 (16). This finding warrants further
investigation to determine, whether we have identified a
molecular marker related to the development of a metastatic
phenotype in CRC.

In conclusion, the findings of this study suggest a
potential role for CD44 family of adhesion molecules as a
biological marker in CRC. This in turn could have important
clinical implications.
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