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Purpose: The human CD24 antigen is a small heavily
glycosylated cell surface protein, which is expressed in
hematological malignancies, as well as in a large variety
of solid tumors. Its expression is now known to be related
to the prognosis of several kinds of tumors. This study
is designed to examine the prognostic significance of
CD24 in Korean gastric cancer patients.

Materials and Methods: In the present study, we
examined CD24 expression in 300 consecutive cases of
gastric carcinoma by immunohistochemical staining using
the tissue-array method. We also investigated the
clinicopathological profiles related to CD24 expression.

Results: One hundred and three cases out of 300
(34.3%) showed the positive expression of CD24. The
altered expression of CD24 was significantly associated
with differentiated cancer (p=0.003), the intestinal subtype

INTRODUCTION

CD24 has recently attracted considerable interest, as it belongs
to the small group of mucin-type glycoprotein ligands for
P-selectin. P-selectin is rapidly induced on the surface of
platelets or endothelial cells following activation with a variety
of agents (1). The human CD24 antigen is a small heavily gly-
cosylated, glycosylphosphatidylinositol (GPI) linked cell sur-
face protein. It consists of a small protein core comprising 27
amino acids, which is extensively glycosylated and is bound
to the membrane via a phosphatidyl-inositol anchor (2). The
human CD24 antigen is physiologically expressed in develop-
ing or regenerating tissue, as well as in granulocytes, kerati-
nocytes and renal tubular epithelium. It is normally expressed
on the surface of the B cell precursor, but its expression is lost
with the onset of plasma cell differentiation. In neoplasia, its
expression has been described initially in hematological malig-
nancies, but also in a large variety of solid tumors, including
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according to the Lauren classification (p<0.001), the
advanced stage cancer (p=0.027), with lymphatic invasion
(p=0.038) and with vascular invasion (p=0.006). The sur-
vival analysis revealed that the patients with CD24 positive
expression showed significantly poorer survival than those
without CD24 expression. Moreover, a combined eva-
luation revealed that PTEN+/CD24- cases showed the best
survival compared to other groups (p=0.01).

Conclusion: Positive CD24 expression occurs in a sub-
set of gastric carcinomas and it correlates significantly with
lymphatic invasion, blood vessel invasion and poor
survival. (Cancer Research and Treatment 2004;36:298-
302)
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renal cell carcinoma, small cell lung carcinoma, nasopharyngeal
carcinoma, hepatocellular carcinoma, bladder carcinoma, glio-
ma, breast cancer and ovarian cancer (3). Recent studies have
shown that in ovarian cancer the mean survival time for pa-
tients with tumors showing cytoplasmic CD24 staining is less
than half that of patients with tumors which do not show cyto-
plasmic CD24 staining (4). Similar observations were reported
for breast (5) and prostate carcinomas (6).

In this study, we examine the consecutive cases of gastric
cancer and evaluate the relationship between CD24 expression
and the clinicopathologic data including patients’ survival.

MATERIALS AND METHODS

1) Patients and samples

A total of 300 consecutive, surgically resected cases of
gastric carcinomas were identified from the files of the De-
partment of Pathology, Seoul National University College of
Medicine. The age, gender, tumor location, lymphatic invasion,
vascular invasion and pTNM stage were evaluated by reviewing
the medical charts and pathological records. Glass slides were
reviewed for histological classification according to the WHO
and the Lauren classification systems. The mean age of the
patients was 54.3 years. No patient had received preoperative
chemo- or radiotherapy, and 92.7% (278/300) of the patients
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had undergone curative resection (RO according to the UICC
guideline). The clinical outcome of the patients was followed
from the date of surgery to either the date of death or December
1, 2000, resulting in a follow-up period ranging from 1~ 72
months (mean: 53 months). Those cases lost to follow-up and
those ending in death from any cause other than gastric cancer
were regarded as censored data during the analysis of the
survival rates.

2) Immunohistochemistry

The protein expression of CD24 was assessed by an
immunohistochemical staining method using a tissue array
(Superbiochips laboratories, Seoul, Korea). Core tissues bio-
psies (2 mm in diameter) were taken from individual paraf-
fin-embedded gastric tumors and seeded in a new recipient pa-
raffin block (tissue array block) using a trephine apparatus.
Each tissue array block consisted of 60 samples, and each block
contained normal gastric mucosa from the body, antrum and
cardia. Sections of 4 y#m thickness were cut from each tissue
array block.

After the sections were deparaffinized and dehydrated, and
immunohistochemical staining with antibody against CD24
(mouse monoclonal antibody; Neomarkers, Fremont, CA, USA)
was performed using a streptavidin-biotin peroxidase procedure,
following an antigen retrieval process with microwaves. To
prevent the decay of antigenicity, immunohistochemistry was
performed within a week after slide preparation. In the previous
experiment, we studied the expression of several antigens using
the same tissue array slides (7,8). We obtained the expression
results of PTEN (anti-PTEN, AG Scientific, San Diego, CA)
and CD44 (anti-CD44, Novocastra, Newcastle, UK) from the
previous study, and compared the result with the CD24
expression.

3) Statistical analysis

For the clinicopathologic analysis, the chi-square test or
Fisher’s exact test (two sided) was performed. The cumulated
survival curves were constructed by the Kaplan-Meier method
and differences between the curves were tested for significance
using the log-rank test. Multivariate Cox proportional hazard
models were used to estimate the hazard ratios and 95%
confidence intervals (CI). We included CD24 expression, sex,
pathologic staging, and histologic parameters (Lauren’s classifi-
cation, lymphoid stroma and lymphatic invasion) in the
multivariate analysis. The results were considered to be stati-
stically significant when the p values were less than 0.05. All
statistical analyses were conducted using the SPSS 11.0 statis-
tical software program (SPSS, Chicago, IL).

RESULTS

The non-neoplastic gastric mucosa did not show CD24
expression. In the case of the gastric carcinomas, membranous
and cytoplasmic expression of CD24 was found (Fig. 1). CD24
immunoreactivity was detected in 103 of the 300 gastric
carcinomas (34.3%). The clinicopathological data of our study
are presented in Table 1. The positive CD24 expression was
more prevalent in the cancers of the upper portion (71.4%,
p=0.031), in differentiated cancer (45.4%, p=0.003), in the

intestinal subtype according to the Lauren classification (44.6%,
p<0.001) and in advanced cancer (38.1%, p=0.027). The corre-
lations with lymph node metastasis and distant metastasis were
statistically insignificant, however, significant association was
noted with lymphatic invasion (43.2%, p=0.038) and with
vascular invasion (63.2%, p=0.006)

We compared the survival of patients whose tumors expressed
CD24 with that of patients whose tumors did not express CD24
(Fig. 2A). The cumulative survival rate was significantly better in
patients with CD24-negative tumors than in those with CD24-
positive tumors (p=0.0207). By multivariate analysis, pathologic
staging is the strongest prognostic parameter, and lymphatic
invasion is also a prognostic factor. CD24 overexpression was
found to be significantly associated with patient survival

Table 1. Clinicopathologic characteristics of CD24 expression in
gastric cancers

CD24 expression

Characteristics Total p value
Positive Negative

Age (mean) 300 57.4%13.3 52.6£12.2 0.003
Gender 0.001

Male 200 81 (40.5%) 119

Female 100 22 (22.0%) 78
Location 0.031

Low 158 61 (38.6%) 97

Middle 133 36 (27.1%) 97

Upper 7 5 (71.4%)

Whole 2 1 (50.0%) 1
Differentiation 0.003

Differentiated 108
Undifferentiated 192

49 (45.4%) 59
54 (28.1%) 138

Lauren classification <0.001
Intestinal 112 50 (44.6%) 62
Diffuse 158 38 (24.1%) 120
Mixed 30 15 (50.0%) 15
Depth of invasion 0.027
Advanced 215 82 (38.1%) 133
Early 85 21 (24.7%) 64
pTNM stage N.S.
I 126 36 (28.6%) 90
I 61 23 (37.7%) 38
III 67 22 (32.8%) 45
v 46 22 (47.8%) 24
Lymph node metastasis N.S.
Absent 111 31 27.9%) 80
Present 189 72 (38.1%) 117
Distant metastasis N.S.
Absent 284 96 (33.8%) 188
Present 16 7 (43.8%) 9
Lymphatic Invasion 0.038
Absent 212 65 (30.7%) 147
Present 88 38 (43.2%) 50
Vascular Invasion 0.006
Absent 281 91 (32.4%) 190
Present 19 12 (63.2%) 7
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Fig. 1. Microscopic features of CD24 immunohistochemistry. The gastric carcinomas were analyzed using the tissue array method (A, X1).
Non-neoplastic gastric mucosa did not express CD24 (B, x200). A gastric cancer with intense membraneous and cytoplasmic staining
of CD24 (C, x200). A case with negative CD24 expression in cancer cells (D, %200).
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Fig. 2. Survival curves using the Kaplan-Meier method. A. Survival analysis showed that CD24 positive tumors have an unfavorable prognosis
compared to CD24 negative carcinomas (p=0.02). B. Survival analysis according to the expression of two proteins. The patients with
PTEN+ and CD24- expression pattern showed the best outcome (p=0.0003).
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Table 2. Multivariate analysis using Cox proportional hazards
model. The CD24 expression is an independent prog-
nostic factor in gastric cancer

Odds ratio

Parameters Number of cases 95% CI) p value
Sex 0.08
Male 186 1
Female 92 1.505 (0.951 ™ 2.381)
Lauren’s classification 0.82
Intestinal 105 1
Diffuse 143 0.930 (0.573 7 1.508)
Mixed 30 1.131 (0.603 ™ 2.122)
Lymphoid stroma 0.89
Absent 266 1
Present 12 1.072 (0.391 ™ 2.941)
PTNM stage <0.001
I 117 1
I 56 4.287 (19137 9.611)
I 59  9.804 (4.591 7 20.937)
v 46 22.330 (10.051 ~ 49.610)
Lymphatic invasion 0.04
Negative 196 1
Positive 82 1.617 (1.028 ™ 2.545)
CD24 expression 0.04
Negative 181 1
Positive 97 1.576 (1.025 ™ 2.423)

independently of the pTNM stage or lymphatic invasion (p=0.044,
Table 2).

We compared the expression of CD44 and CD24, because
both of them are the ligands of adhesion molecules. The
expression of CD24 and CD44 is positively correlated; CD24
expression was found to be higher in CD44 (+) cases (47.1%)
than in CD44 (-) cases (32.5%, p=0.048). When we compared
the expression of CD24 and PTEN, they are negatively
correlated; CD24 was expressed in 31.7% of PTEN (+) cases,
but in 46.7% of PTEN (-) cases (p=0.031). We investigated the
survival difference of each group with combinational expression
of CD24 and PTEN proteins. PTEN(+)/CD24(-) cases showed
the best survival (mean survival, 61 months) among the four
groups (p=0.0003, Fig. 2B).

DISCUSSION

CD24 is a cell-surface glycoprotein involved in cell-cell and
cell-matrix interactions. There is increasing evidence that CD24
contributes to both cellular signaling and cell adhesion(1).
CD24 is expressed during progression and metastasis in ovarian
(4), breast (5) and prostate cancers (6).

The results of the current study showed that CD24
immunoreactivity was detected in 38.1% of advanced carcino-
mas compared to 24.7% of early carcinomas (p=0.027); and in
45.4% of cases with differentiated tumors compared to 28.1%
of cases with undifferentiated tumors (p=0.003). We also noted
that CD24 expression in cases with lymphatic invasion was

Table 3. Correlation between CD24 expression and CD44 or
PTEN expression in gastric cancers

Protel'n CD24 positive CD24 negative Total p value
expression
CD44 0.048
Positive 24 (47.1%) 27 (52.9%) 51
Negative 77 (32.5%) 160 (67.5%) 237
Total 101 (35.1%) 187 (64.9%) 288
PTEN 0.031
Positive 73 (31.7%) 157 (68.3%) 230
Negative 28 (46.7%) 32 (53.3%) 60
Total 101 (34.8%) 189 (65.2%) 290

432% (p=0.038). Furthermore, 63.2% of tumors with vascular
invasion showed CD24 expression (p=0.006)(Table 1). These
results suggest that the positive expression of CD24 charac-
terizes gastric carcinomas with more aggressive phenotype.

It is well known that the depth of tumor invasion, distant
metastasis and lymph node metastasis are the major prognostic
factors in gastric carcinoma. Recently, the expression of diffe-
rent cell surface antigens in various malignant tumors has been
reported to be one of the biologic markers of malignant
potential. By subtractive technique, CD24 was selected as one
of metastasis-associated genes, and CD24 was confirmed to be
overexpressed in the metastatic phenotype (9). The mechanism
of cancer progression resulting from expressional alteration
remains unknown. However, CD24 overexpression may be
useful as a marker that indicates invasiveness and poor prog-
nosis.

The mechanism of GPI-anchored protein-mediated signaling
remains intriguing, because these proteins do not have any
cytoplasmic domain to transduce intracellular signals. A re-
cently proposed concept of glycolipid-enriched membrane (GEM)
domains or rafts is expected to provide an explanation for the
signaling properties of GPI-anchored proteins (10). CD24
molecules are distributed only in the GEM fractions, and CD24
mediates a negative signal for B cell survival through a GEM-
dependent mechanism, that is closely related to the B cell
receptor (BCR)-mediated apoptotic signal. This in turn suggests
that CD24 mediates the apoptotic signal in B cells upon ligand
stimulation or that CD24-mediated stimuli augment BCR- me-
diated apoptosis in Burkitt’s lymphoma cells (11).

It has been speculated that human tumors may use selectins
or their ligands during invasion and metastasis (1). In fact,
inflammation and trauma, which induce the expression of
selectins, can influence the spread of tumor cells. The CD24/P-
selectin binding pathway could be important in the dissemina-
tion of tumor cells by facilitating the interaction with platelets
or endothelial cells (12). The function of CD44 is principally
dependant on cellular adhesion. In addition, the CD44 receptor
and E-selectin are currently potential candidates for involve-
ment in the extravasation process of gastric tumor cells, which
includes the lodging of malignant cells between endothelial
cells and their subsequent adhesion to the extracellular matrices,
leading to the manifestation of metastatic nodules (13).

Furthermore, it has been found that CD24 can act as a
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specific ligand for P-selectin (1) and that CD24 expressed by
breast carcinoma is necessary and sufficient to support P-selec-
tin dependent rolling in vitro and in vivo (14). Taken together,
these findings may indicate that both CD24 and CD44
contribute to the process of metastasis simultaneously through
binding with P-selectin and E-selectin, respectively. This is
supported by the fact that each of three selectins can have
unique binding sites coexisting on a given carcinoma mucin
molecule (15). Such a theory supports our results, wherein
CD24 positive expression was observed in 63% of the cases
of carcinoma with vascular invasion (p=0.006), and increased
positive expression of CD44 was observed in the CD24 positive
cases.

PTEN is a multifunctional protein endowed with a phosp-
hatase activity capable of dephosphorylating not only proteins,
but also phospholipids of the phosphatidylinositol pathway. Its
protein phosphatase activity allows it to affect the interactions
of cells with the intercellular matrix. These interactions are im-
portant in the mechanism of invasion (16). Thus, PTEN can
inhibit cell growth, invasion, migration, and focal adhesions. It
has been reported that the silencing of the PTEN gene occurs
frequently in gastric carcinoma, and that the loss of expression
of the PTEN gene is associated with tumor progression,
metastasis and poor survival (8,17). It is interesting to note that
the PTEN+/CD24- group showed the best prognosis compared
to other groups. The clinical relevance of this finding should
be confirmed by further experiments.

CONCLUSIONS

Our findings demonstrate that positive CD24 expression
occurs in a subset of gastric carcinomas and that it correlates
significantly with lymphatic invasion, blood vessel invasion and
poor survival. CD24 may be a potential prognostic factor in
gastric carcinoma.
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