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Abstract

AIM: To evaluate the relation of cluster of differentiation
44 (CD44) expression with clinicopathological features
of gastric adenocarcinoma, and also its effect on
prognosis with an emphasis on the differences between
intestinal and diffuse types.

METHODS: From 2000 to 2006, 100 patients with
gastric adenocarcinoma, who had undergone total
or subtotal gastrectomy without any prior treatment,
were studied. Haematoxylin & eosin (HE) staining was
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used for histological evaluation, including the type
(Lauren’s classification) and grading of the tumor. The
expression of CD44 in the gastric adenocarcinoma
mucosa and the adjacent mucosa were determined
by immunohistochemistry. The survival analysis was
obtained using the Kaplan-Meier test.

RESULTS: Of 100 patients, 74 (74%) patients were
male. The tumors were categorized as intestinal type
(78%) or diffuse type (22%). Sixty-five percent of
patients were CD44-positive. CD44 expression was not
detected in normal gastric mucosa. Rather, CD44 was
more commonly expressed in the intestinal subtype (P
= 0.002). A significant relation was seen between the
grade of tumor and the expression of CD44 (P = 0.014).
The survival analysis showed a poor prognosis of
patients with CD44-positive tumors (P = 0.008); and
this was more prominent in the intestinal (P = 0.001)
rather than diffuse type.

CONCLUSION: Cell adhesion molecule CD44 is highly
expressed in gastric adenocarcinoma. CD44 expression
is correlated with a poor prognosis in patients with the
intestinal type of gastric adenocarcinoma. CD44 can,
therefore, be utilized as a prognostic marker for this
group of patients.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Gastric malignancy is one of the leading types of cancer
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and is the second most common cause of cancer-related
death in the wortld™?. According to reports from Iran’s
Ministry of Health, gastric cancer is the most common
fatal gastrointestinal malignancy, while cancer is the third
most common cause of mortality in this country™,
Adenocarcinoma 1s the most prevalent type of gastric
cancer. According to Lauren’s histological classification,
it is subdivided into diffuse and intestinal pathologic
subtypes, each having different epidemiological and
prognostic features™. Multiple genetic and epigenetic
alterations in oncogenes, tumor-suppressor genes, cell-
cycle regulators, cell adhesion molecules and DNA
repair genes are implicated in the multistep process of
human stomach carcinogenesis[("7], and different genetic
pathways have been proposed for these two subtypes of
gastric carcinoma®”. Depth of invasion and lymph node
metastasis result from the polygene, and their protein
expression in gastric carcinoma. The key step of the
basic and clinical research of gastric carcinoma is to
discover the related etiological biomarkers.

The loss of normal cellular adhesion is a significant
event in human cancer development. Metastasis is
characterized by a loss of adhesion that allows cancer
cells to invade, and leave the site of origin, subsequently
adhering to other sites, such as lymph nodes, liver, or
peritoneum!®. Cluster of differentiation 44 (CD44)
is a transmembrane glycoprotein involved in cellular
adhesion. This polymorphic integral membrane
glycoprotein, which is expressed by many cell types,
serves as the principal transmembrane hyaluronate
receptor. It is considered a determinant of metastatic
and invasive behavior in different malignancies, such as
lung carcinoma, malignant melanoma, leukemia, breast
cancer, as well as gastrointestinal carcinomas™'”. On
the other hand, contradictory reports concerning the
biological role of CD44 in tumorigenesis and its clinical
value in prognosis have also been presented[gl. The
expression of CD44 potentiates tumor cells to adhere
to the extracellular matrix through ligands such as
hyaluronan and facilitates the efficient formation of cell
colonies! "%,

The reported frequency of CD44 expression in
human gastric carcinoma specimens varies widely from
31% to 72%, most likely reflecting the differences in the
study population''". The intensity of CD44 expression
has been reported to correlate with an increased depth
of invasion!”, although different correlations have been
reported in the two histological types of this cancer.

In this study, the expression of CD44 in patients with
gastric carcinoma was measured by immunohistochemical
method, with an aim to evaluate the relation of CD44
expression with clinicopathological features and also its
effect on prognosis with an emphasis on the differences
between intestinal and diffuse types.

MATERIALS AND METHODS

From 2000 through 2006, 100 gastric adenocarcinoma
patients, who underwent total or sub-total gastrectomy
without any prior treatment such as chemotherapy or

radiation therapy at Omid Oncology Hospital (Mashhad,
Iran), were enrolled in this study. All patients had been
residing in the north-eastern provinces of Iran at the
time of surgery. Demographic data of all patients were
recorded and TNM staging was performed according to
AJCC (American Joint Committee on Cancer) staging by
supra- and infra-diaphragmatic imaging studies. Follow-
up data were also gathered from patients, including
local and distant recurrence and metastasis. The study
protocol was approved by the Clinical Research Ethics
Committee of the Mashhad University of Medical
Sciences.

Formalin-fixed and paraffin wax-embedded gastric
adenocarcinoma specimens from these patients were
selected from the pathology archive. Specimen blocks
were stained with HE and histological typing was
determined according to the Lauren’s classification
and tumor grade (well-differentiated, moderately-
differentiated and pootly-differentiated). The pathologist
reviewed all the blocks and chose one block with
more tumoral tissue and less necrotic tissue for
immunostaining, Specimens were cut into 4-pum thick
sections, and the sections were dewaxed and processed
for immunohistochemical (IHC) staining, The sections
were stained using the streptavidin-biotin-peroxidase
complex method (Dako LSAB2 system, Denmark).
Mouse anti-CD44 monoclonal antibody (1:50 dilution;
clone DF1485, Dakocytomation, Denmark) which is
able to detect all isoforms of CD44, was employed as
the primary antibody for 30 min. Internal lymphocytes
were used as positive control, and normal gastric tissue
as negative control. Also, for negative control, the
primary antibody was omitted.

All sections were evaluated by the pathologist who
was unaware of the clinical outcome of the patients.
Tumors with more than 5% of CD44-positive cancer
cells were regarded as positive. The results were reported
as positive (cytoplasmic and/or membranous staining)
or negative with the percentage of positive cells for each
section.

Statistical analysis

The correlation between the CD44 expression status
and clinicopathological variables was analyzed using
parametric and non-parametric tests run by the statistical
software SPSS version 13. Also a log-linear model by
the statistical software SAS was used for more detailed
analysis of the data. The survival analysis was performed
by the Kaplan-Meier test. A P value less than 0.05 was
considered statistically significant.

RESULTS

This study included 100 gastric adenocarcinoma cases
(74 males and 26 females; male/female ratio: 2.8), with
a mean age of 63.3 years (range 26-82 years). Data
about stage, grade, histological types and location of
tumors are summarized in Table 1. Forty-seven percent
of patients were less than 65 years old. The mean
age of patients with pootly differentiated tumors was
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Figure 1 Representa-
tive example demo-
nstrating the immuno-
histochemical staining
of CD44 molecule in
gastric adenocarcino-
ma tissue. A: Negative
CD44 staining in adeno-
carcinoma glands and
positive staining in the
background lymphocytes
(x 40); B: Membranous
expression of CD44 in
carcinoma cells with the
stained lymphocytes as
internal positive control
in the background (x 40);
C: Positive membranous
staining of CD44 in
carcinoma cells (x 40);
D: Membranous and
cytoplasmic expression
of CD44 in carcinoma
cells (x 40).

Table 1 Clinicopathological data of all patients significantly lower than other patients (55 years o5 65
years, P = 0.019). Stage IV disease was significantly more

Data Percentage (%) common among patients younger than 65 years (P =
Sex 0.02). All stage I cases were observed among patients
M 74 older than 65 years. The diffuse-type cancer was two
F 26 times higher among the patients younger than 65 years
Age (y1) (P =0.021).
<65 47

Sixty-five percent of patients were CD44-positive

> 65 53 . I
} and 35% were CD44-negative. CD44 staining was not

Location d di & al . . 1
Cordia 37 etected in any adjacent normal gastric mucosa (Flgu.re. )
Body & Fundus 33 Of 65 CD44-positive cases, 52 showed CD44 staining
Antrum 30 only on tumor cell surface membrane, while 13 showed

Histology type both in cytoplasm and membrane.

Intestinal 78 In addition, a significant difference in CD44
Diffuse 22 . . .
expression was seen between the two histological

Crade btypes: intestinal-type showed a significantly high
T = subtypes: intestinal-type showed a significantly higher
Mod-Diff 17 CD44 positivity (71%) compared to diffuse-type (42%)
Poor-Diff 29 (P = 0.002). Moreover, poortly differentiated carcinomas

T showed a significantly less CD44 positivity, indicating
m ¢ a significant relation between CD44 expression, and
g BZ the grade of tumor (P = 0.014; log linear, P = 0.004).
T4 11 Patients with stage 4 cancer expressed CD44 more

N than other stages, although this was not statistically
NO 16 significant. Other studied variables (sex, age and location
N 51 of tumor) did not show any significant correlation with
E; 32 the expression of CD44.

M Follow-up data were gathered for 71 patients. The
MO 98 median follow-up time was 6 mo. The overall survival
M1 2 was 16 mo. Regarding the results of survival analysis,

Stage there was no correlation between sex, age, location, type
; 1; and the grade of tumor with prognosis. Poor outcome
3 7 was seen among the patients with higher stage tumors
4 13 (stages 1l and IV, P = 0.034) compared to those with

lower stages. In addition, the patients with CD44-positive
Diff: Differentiated; Mod: Moderately; Poor: Poorly; M: Male; F: Female. tumors showed a poor pI‘OgﬂOSiS (LOg Ral‘lk, P= 0008,
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Figure 2 Kaplan-Meier curves of overall survival for CD44-positive and
-negative gastric cancer cases.

Figure 2). Among patients with lower stage tumors,
CD44 expression affected the prognosis regardless of
tumor stage (P = 0.040). When analyzing the correlation
of CD44 positivity, and intestinal/diffuse-type tumors
separately, the results showed that CD44 only affected
survival time in intestinal-type (P = 0.001), but not the
diffuse-type tumors (P = 0.7).

DISCUSSION

The present study examined the expression of
CD44 as an adhesion molecule in primary tumors by
utilizing the IHC technique in 100 patients with gastric
adenocarcinoma who had undergone surgery as the
first step of management. The results showed that the
expression rate of CD44 in tumoral tissue reached 65%
in contrast to no expression of this molecule in the
adjacent normal mucosa. CD44 was more commonly
expressed in the intestinal-type tumor than in diffuse-
type tumor, indicating that CD44 expression was
related to the histological subtype of tumor, which is
in agreement with previous studies!"™'". In addition, a
correlation was found between CD44 expression and
tumor grade. But, no correlations between CD44 and
other clinicopathological parameters were observed.
Survival analysis showed that the grade and the
histological type of gastric adenocarcinoma did not
significantly affect survival. On the other hand, patients
with higher stage adenocarcinoma showed a poor
prognosis. CD44 was shown to affect survival, even
more significantly than, and independently from the
stage of the tumor. Moreover, CD44 positivity appeared
to provide a poor prognosis only in patients with the
intestinal-type gastric adenocarcinoma.

Since 1993 when Hieder e a/'" reported the
expression of CD44 variants in gastric cancer, this
adhesive molecule was recognized as a molecular
marker related to the clinicopathological aspects of
gastric cancer. CD44 is a member of a widely expressed
family of adhesion receptors. This molecule was first

described as a lymphocyte-homing receptor; however,
it is expressed on a wide variety of cell types including
mature T and B-cells”'**
and recirculating (activated) lymphocytes share several

1, Metastasizing tumor cells

properties, including motility and invasive behavior, an
analogy which prompted the hypothesis that malignant
cells might use molecules like CD44 for metastasizing[()].
CD44 gene is located on chromosome 11p12-13,
having at least 20 exons, of which ten are expressed in
hematopoietic cells or the standard form of the gene.
Other exons can be alternatively spliced to make up a
wide variety of CD44 splice variants which have been
found in various types of human malignancies, and
have been considered markers in tumor progression and
metastasis'

It has been supposed that the evaluation of the
CD44 isoforms expression by the IHC method in
cases of non-Hodgkin lymphoma, colon and renal cell
carcinomas, as well as neuroblastomas may be a useful
diagnostic parameter indicating invasive processesm. In
1994, Yokozaki ¢ a/*? indicated that the detection of
CD44 transcription variants can serve as a powerful tool
for the diagnosis of gastric cancer. Many studies have
indicated that the generation of CD44 splice variants,
like V5 and V6, might be linked closely to gastric
carcinoma tumorigenesis and differentiation, suggesting
that these isoforms can be used as an indicator of
tumor progression in the biopsies of patients with
gastric carcinoma™ . Moreover, it has been shown that
patients with an over-expression of CD44 have a higher
lymph node metastatic rate and invasion””!

It is possible that different results among studies
reflect the use of diverse antibodies having subtle
variations in specificity. The problem is complicated
more by the existence of numerous CD44 isoforms,
which may have remarkable homology in their antigenic
repertoire, thus increasing the possibility of cross-
reactivity between the antibodies. Another reason for
such discrepancies is probably the comparison of results
having different techniquesm,

The correlation between clinicopathological
parameters and CD44 expression in the tumor is known
to be different between intestinal and diffuse types of
gastric carcinoma™", A study showed that the intestinal-
type was more frequently CD44s- and CD44v6-
positive than the diffuse-type tumor!"”, although the
reactivity to these two antibodies did not correlate with
histopathological and clinical prognostic factors in
intestinal-type carcinoma”". More recently, Yamaguchi
et al'” found that the expression of CD44v6 protein was
significantly higher in differentiated adenocarcinoma
than in diffuse-type carcinoma. On the other hand,
Saito ez al”” observed that CD44v6 appeared to play an
important role in the invasion and metastasis of diffuse-
type gastric carcinoma, but not in that of intestinal-type
gastric carcinoma, and also demonstrated a significant
correlation between CD44v6 expression and poor
prognosis of diffuse-type gastric carcinoma.

The results of this study are consistent with previous
findings, demonstrating that CD44 is mostly expressed
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in the intestinal-type gastric cancer, and its expression
is associated with poor prognosis. Thus, it can be
concluded that the expression of CD44 is related to
the phenotype of gastric malignancy, and may serve as
a useful indicator of tumor metastasis, and may have a
potential significance in diagnosing gastric cancer.

The mortality associated with gastric carcinoma
1s almost entirely caused by a subsequent metastatic
disease. In fact, the prognostic assessment of gastric
carcinoma still relies mainly on TINM staging, but the
wide individual variability in prognosis is observed
even in the same stages. The accurate prediction of the
metastatic potential of the primary tumor, and hence the
probable existence of undetected metastases, would be a
critical factor in the management of patients with gastric
carcinoma™. Our results emphasize that expression
of CD44 is related to the prognosis of intestinal-type
gastric cancer.

In conclusion, this study demonstrated that detection
of CD44 protein in routinely fixed gastric carcinoma
tissue by the IHC method can be used, along with other
established parameters, to assess prognostic outcome,
and particularly, to identify patients with a poor short-
term prognosis. Furthermore, this suggests that, in
the future, assessment of CD44 expression may guide
the clinician in delineating a subset of patients with
biologically unfavorable tumors who may profit from
more intense post-operative adjuvant therapy.
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COMMENTS

Background

Gastric cancer is the 2nd most common cause of cancer-related death in the
world. The mortality associated with gastric carcinoma is almost entirely caused
by a subsequent metastatic disease. The accurate prediction of the metastatic
potential of the primary tumor would be a critical factor in the management
of patients with gastric carcinoma. Metastasis is characterized by a loss
of adhesion that allows cancer cells to invade and leave the site of origin,
subsequently adhering to other sites such as lymph nodes, liver, or peritoneum.
Cluster of differentiation 44 (CD44), as an important glycoprotein involved
in cellular adhesion, is considered a determinant of metastatic and invasive
potential in different malignancies. There are different and even contradictory
reports considering the role of this adhesive molecule in gastric carcinogenesis
and metastasis.

Research frontiers

While there was no expression in surrounding normal tissue, CD44 expression
rate in gastric adenocarcinoma was up to 65%, considering that the intestinal-
type tumor expressed this marker, more common than diffuse-type tumor.
Beside the prognostic effect of stage, CD44 was shown to affect survival, even
more significantly than and independently from the stage of the tumor and this
was more pronounced in intestinal-type.

Innovations and breakthroughs

For the first time in Iranian patients, this study demonstrated that detection of
the CD44 protein in routinely fixed gastric carcinoma tissue by the IHC method
can be used, along with other established parameters, to assess prognostic
outcome, and particularly, to identify patients with a poor short-term prognosis.

www.wjgnet.com

Applications

In the future, assessment of CD44 expression may guide the clinician in
delineating a subset of patients with biologically unfavorable tumors who may
benefit from more intense postoperative adjuvant therapy.

Peer review

The results showed that the over-expression of cell adhesion molecule CD44
is correlated with a poor prognosis in patients with the intestinal-type gastric
adenocarcinoma. CD44 can, therefore, be utilized as a prognostic marker for
this group of patients.
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