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CD24 is a heavily glycosylated cell surface protein that is expressed in putative

stem cells and is overexpressed in various human malignancies, yet the signifi-

cant roles of CD24 in gastric cancer development are still elusive. We investigated

the involvement of CD24 in gastric cancer aggressiveness, which is attributed to

its heterogeneity. Cultured gastric cancer cells showed diverse expression pat-

terns in CD24, whereas other defined cell surface markers, such as CD44 and

CD133, were homogenous. Purely sorted CD24-negative gastric cancer cells

showed strong alteration into the CD24-positive cell type in an autochthonous

manner, and reached to steady expression levels. Our clinicopathological study

revealed that CD24 positivity was an independent prognostic factor in both intes-

tinal and diffuse types of gastric cancer. CD24 expression was correlated with the

advanced stages, invasiveness, and lymph node metastasis of gastric cancer.

Silencing of CD24 in cultured cells significantly decreased cell migration and inva-

sion. Hypoxic treatment upregulated CD24 expression, and simultaneously

induced cell motility and invasion of gastric cancer cells. Hypoxic treatment-

induced CD24 expression was significantly attenuated by knockdown of hypoxia-

inducible transcription factors. These data suggest that CD24-negative cells are

capable of gaining cell motility and invasiveness through the induction of CD24,

which is mediated by hypoxia. CD24 would be an attractive marker to define not

only the heterogeneity but also the aggressiveness of gastric cancer cells. The

mechanisms by which hypoxia induces CD24 expression would also be a poten-

tial therapeutic target for gastric cancer.

G astric cancer (GCa) is a major global malignancy that is
the second leading cause of cancer mortality, and

accounts for more than 700 000 deaths each year.(1) Treatment
for GCa is often difficult and unsuccessful due to the strong
heterogeneity.(2–4) Familial predispositions attributed to germ
line mutations are rare in stomach diseases and analysis of the
spectrum of somatic alterations is still a novel approach in
GCa research.(5–7) Cancer stem cell theory is a new paradigm
in cancer therapies and is thought to provide new avenues to
eradicate the cause of the cell heterogeneity, which is associ-
ated with therapeutic resistance, relapse, and distant metasta-
sis.(8,9) The common definition of cancer stem cell populations
is by the presence or absence of various combinations of cell-
surface proteins, for example, CD44 in GCa stem cells,(10) and
high CD44, low CD24 as a subpopulation in breast cancer
stem cells.(11) However, this concept is not universally applica-
ble for understanding the phenotypic heterogeneity and
therapeutic challenges of cancer.(12) In breast cancer, for exam-

ple, there is also an ambiguity that cells expressing
CD44+CD24(- ⁄ low) exhibit stem cell likeliness, while CD24+
cells are associated with poor prognosis in breast and other
malignancies.(13–18) In this study, we have analyzed GCa cells
with the defined cell surface markers of CD24, CD44, and
CD133, which are major cancer stem cell markers.
CD24 is a cell surface protein, which consists of a core pro-

tein that comprises 27 amino acids, is extensively glycosylated,
and is bound to the membrane via a phosphatidyl-inositol
anchor.(19) In the immune lineage, CD24 is highly expressed
on the neutrophil, and is expressed at the early stage of B-cell
development, but is absent on normal T cells or mono-
cytes.(19,20) In the normal gastrointestinal tract, CD24 is
expressed in gastric parietal cells,(21) Paneth cells, and intesti-
nal stem cells of the small intestine.(22) On human tumor cells,
CD24 functions as a ligand for P-selectin, which is expressed
on the cell surfaces of activated platelets and endothelial cells,
in the process of tumor dissemination.(23) It has also been
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reported that cytoplasmic CD24 expression is associated with
invasiveness and poor prognosis in diffuse-type GCa,(24) and
with hypoxia in urological tumor cells as well as in endothelial
cells. (25,26)

Despite many studies about the importance of CD24 in vari-
ous cancers, little is known about the mechanism by which
CD24 induces cancer aggressiveness, and how the CD24
expression is regulated in GCa cells. In this study, we begin
our analysis by focusing on the variety of the CD24 expres-
sions on GCa cells, and describe the importance of the influ-
ence of tumor microenvironment, such as hypoxia, on gastric
cancer aggressiveness via CD24 expression.

Materials and Methods

Cell culture. Human primary tumor cells were isolated from
ascites of patients with peritoneal dissemination of GCa. Writ-
ten informed consent was obtained. CD45-positive hematolym-
phoid cells were excluded by using flowcytometric technique
with CD45 antibody, shown below. GCa cell lines, TMK-1
and 44As3 were established at our Departments.(27–29) KKLS
was kindlly donated by Dr. Y Kitadai (Hiroshima University,
Japan). NCI-N87 was obtained from American Type Culture
Collection (Manassas, VA, USA). All GCa cells were grown
in RPMI supplemented with 10% FBS in a humidified atmo-
sphere with 5% CO2 and 95% air. For hypoxic treatment, cells
were incubated with 1% O2 in MCO-5MUV (SANYO Electric,
Tokyo, Japan).

Flow cytometry. To identify the cancer stem cell phenotype
of GCa cells, anti-CD24-FITC, anti-CD24-PE, anti-CD24-
APC, anti-CD44-PE, anti-CD45-PE (BD Pharmingen, San
Diego, CA, USA), anti-CD133 ⁄ 2-APC (MACS Miltenyi Bio-
tec, Teterow, Germany) were used. Dead cells were detected
with 7-AAD (BD Pharmingen). All flow cytometry data were
acquired on BD FACS Aria for cell sorting, FACS Canto and

FACS Calibur (BD Biosciences, San Jose, CA, USA) and ana-
lyzed by FlowJo software (Tree Star, San Carlos, CA, USA).

Cell proliferation assay. The viability of cells was calculated
according to the manufacturer’s instructions of MTS CellTiter
96 (Promega, Madison, WI, USA).

Cell adhesion assay. Cells were applied to the well coated
with type I collagen and incubated at 37°C for 30 min. The
adhesive cells were fixed and stained with 0.1% crystal violet
in 20% methanol. After 50% ethanol was added, the optical
absorbance at wavelength of 570 nm was measured.

Cell migration and invasion assay. These assays were carried
out as described in a previous study.(30) The number of migrat-
ing cells was counted using Dynamic Cell Count software
(BZ-H1C, KEYENCE, Osaka, Japan).

RNA interference. siRNA duplexes targeting CD24 (50-ACA
ACAACTGGAACTTCAA-30) and a nonsilencing siRNA
duplexes (50-CAGTCGCGTTTGCGACTGG-30) were synthe-

(a)

(b)

Fig. 1. Fluorescence-activated cell sorting (FACS)
analyses of representative cell surface markers in GCa
cells. (a) Human primary tumor cells collected from
ascites of patients. Left, moderately differentiated
adenocarcinoma; right, poorly differentiated
adenocarcinoma with signet ring cell. (b) GCa cell
lines. Top left, TMK-1; top right, 44As3; bottom left,
NCI-N87; bottom right, KKLS.

Table 1. Cell surface markers, aldehyde dehydrogenase 1

expression, and Hoechst 33342 efflux activity of human gastric cancer

cell lines

Cell line Histological cell type CD24 CD44 CD133 ALDH1 SP

TMK-1 Poorly differentiated ++ +++ – – +

44As3 Signet-ring cell ++ +++ – � ND

NCI-N87 Well differentiated + ++ – – +

KKLS Undifferentiated – – – + ND

ALDH1, aldehyde dehydrogenase 1; SP, side population; ND, not
detectable. “+++” means over 75% of the cells were positive for the
indicated markers. “++” and “+” mean the positive rate of each mar-
ker were between 75% and 51%, and between 50% and 11%, respec-
tively. “�” represents positive cell population as from 1% to 10%. “–”
indicates positive cell populations were below 1%. Side population
cells are defined with the high competency of Hoechst 33342 dye
efflux outwards of the cells.
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sized by NIPPON GENE (Tokyo, Japan). siRNA duplexes tar-
geting HIF-1a (50-CAAAGTTCACCTGAGCCTA-30), HIF-2a
(50-GCAAATGTACCCAATGATA-30) were synthesized by
Sigma-Aldrich (Tokyo, Japan). Cells were transfected with
40 nM of siRNA duplexes by using Lipofectamine RNAiMAX
Reagent (Invitrogen, Carlsbad, CA, USA).

Immunoblotting. The nuclear fraction was extracted using the
Nuclear Extract Kit (Active Motif, Carlsbad, CA, USA). The
following antibodies were used: mouse monoclonal anti-
hypoxia inducible factor (HIF)-1a antibody (Novus Biologicals,
Littleton, CO, USA); goat polyclonal anti-HIF-2a antibody
(R&D Systems, Minneapolis, MN, USA); mouse monoclonal
anti-b-actin antibody (MBL, Nagoya, Japan).

Tissue samples. Tissue samples were obtained from 119
patients, who underwent a curative operation for GCa from
2001 to 2008 at the Hiroshima University Hospital (Hiroshima,

Japan). Tumor staging was performed using the TNM classifi-
cation system.(31) All of the patients gave their informed con-
sent. The procedure to protect privacy was in accordance with
the Ethical Guidelines for Human Genome ⁄Gene Research
enacted by the Japanese Government.

Immunohistochemistry. This assay was carried out as
described in a previous report.(30) CD24 (clone SN3b) antibody
was purchased from Thermo Fisher Scientific (Cheshire, UK).
HIF-1a (NB100-105) and HIF-2a (NB100-122) were purchased
from Novus Biologicals. HISTOFINE SAB-PO (M and R) kit
(Nichirei, Tokyo, Japan) and 3,30-diaminobenzidine (DAB,
Muto Pure Chemicals, Tokyo, Japan) were used for the signal
detection and amplifications.

Evaluation of immunohistochemical staining. Two indepen-
dent observers blinded to the clinicopathologic information of
each sample evaluated CD24 expression semi-quantitatively.

(a)

(b)

Fig. 2. Single directional convergence into the
CD24-positive from CD24-negative GCa cells under
normoxia. (a) Representative histograms of
chronological changes in sorted CD24-positive cells
versus CD24-negative cells. Upper panels, TMK-1;
lower panels, 44As3. Percentages shown in figures
are the positive rate of CD24. (b) Quantitative FACS
analyses of CD24-positive populations in GCa cells
by the prolonged culture in normoxia.
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Staining 0–1%, 1–10%, 10–50% or more than 50% was scored
as (0), (1+), (2+) or (3+), respectively. Positive CD24 expres-
sion was defined by staining of more than score (1+). HIF-1a
and HIF-2a were scored according to the presence or absence
of nuclear expression. Positive expression was defined by
staining of more than 1% of the tumor area.

Statistical analysis. A logistic regression analysis was used to
examine the association between CD24 positivity and clinico-
pathologic factors. v2 test was used to examine the association of
the positivity rate of CD24 and HIFs. Prognoses were estimated

using the Kaplan–Meier method and compared with the log-rank
test. These statistical analyses were done with the SPSS Statistics
software (version 19; SPSS, Chicago, IL, USA). Other statistical
analyses were carried out using Student’s t-test. A P-value of
<0.05 was considered as the statistically significant.

Results

Gastric cancer cells showed heterogeneous expression patterns

in CD24. To discover stem-like subpopulations in GCa cells,

(a)

(b)

Fig. 3. Induced cell adhesion, migration, and invasion abilities in GCa cell lines by CD24 expression. (a) The functional assays of sorted CD24-
negative or CD24-positive cells from TMK-1 cells. The purity of sorted TMK-1 cells was confirmed through FACS analyses. (b) The functional assays
of TMK-1 cells (upper panels) or 44As3 cells (bottom panels) transfected with siControl or siCD24. The knockdown efficiency was confirmed
through FACS analyses. *P < 0.05; **P < 0.01.
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we analyzed the cell surface marker expression patterns of
CD24, CD44 and CD133, all of which are presumptive tumor
stem cell phenotype identifiers for various types of cancer.
Tumor cells collected from ascites of GCa patients showed
high expression levels in CD44 and low or no expressions in
CD133, but showed heterogeneous CD24 expression (Fig. 1a).
As the representatives of established GCa cell lines, TMK-

1,(27,28) 44As3,(29) NCI-N87 (32) and KKLS (33) were chosen
for the analyses of these three cell surface markers. Common
features of these GCa cells, except for KKLS, were high
CD44 expression, low or no levels of CD133, and various
expression patterns of CD24 (Fig. 1b). We also investigated
the expression of enzyme ALDH1 that has been proposed as a
breast cancer stem cell marker.(34) Out of these four GCa cells,
only KKLS was positive for ALDH1 (Table 1, Fig. S1). In
addition, side population (SP) fractions were investigated in
gastric cancer cell lines. TMK-1 and NCI-N87 contained a dis-
tinct fraction of SP cells (Table 1, Fig. S1), but there were no
significant correlations between SP cell fraction and CD24
positivity (data not shown).

Single directional convergence into the CD24-positive from

CD24-negative gastric cancer cells occurred spontaneously. One
of the defining characteristics of GCa is its strong heterogene-

ity.(35) We hypothesized that CD24 could be a useful marker
for the assortment of heterogenous GCa cells. After purifica-
tion of GCa cells with or without CD24 expression using fluo-
rescence-activated cell sorting (FACS), continuous culture was
carried out under normal oxygen levels. Prolonged CD24-nega-
tive GCa culture cells increased into the CD24-positive from
approximately 1–2% (passage 0) to 62% (passage 10) in
TMK-1 cells, to 67% (passage 9) in 44As3 cells, and to 40%
(passage 10) in NCI-N87 cells, respectively. The decreased
levels of CD24 expression in the sorted CD24-positive GCa
cells were within 10% (Fig. 2, Fig. S2).

CD24 expression facilitated cell migration and invasion of gas-

tric cancer cells. We investigated whether CD24 is involved in
aggressive phenotypes of cancer cells such as cell adhesion,
migration, invasion and proliferation of GCa. CD24 expression
in TMK-1 cells increased cell adhesiveness toward collagen
type I. The activities of cell migration and invasion of CD24-
positive TMK-1 cells were higher than those of CD24-negative
cells. There was no significant difference in cell growth in
each population (Fig. 3a). To confirm these findings, we fur-
ther performed knockdown of CD24 by RNAi in TMK-1 and
44As3 cells. Whereas control TMK-1 and 44As3 cells
migrated toward collagen type I and invaded through the

(a)

(b)

(c)

Fig. 4. Induced CD24 expression in TMK-1 cells by
hypoxia. (a) Localization of the putative binding
sites of several transcriptional factors in the region
of the CD24 promoter (left panel). Western blot
analyses of HIF-1a and HIF-2a in TMK-1 cells under
hypoxia (1% O2) for up to 72 h (right panel). (b)
FACS analyses for the positive rates of CD24, CD44,
and CD133 expressions in TMK-1 cells under
hypoxia (1% O2, left panel). Western blot analyses
of HIF-1a and HIF-2a in TMK-1 cells cultured in
hypoxia (1% O2) for 48 h (right panel). (c) FACS
analyses of CD24 positive population in TMK-1 cells
transfected with siControl, or siHIF-1a and ⁄ or siHIF-
2a and cultured in normoxia or hypoxia for 48 h
(left panel). Western blot analyses of HIF-1a and
HIF-2a in each corresponding cell (right panel).
Paired cells were used for FACS to determine the
percentage of cells in CD24-positive groups.
*P < 0.05; **P < 0.01.
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Matrigel, CD24 knockdown GCa cells were less capable of
cell migration and invasion in the same conditions (Fig. 3b).

CD24 expression was induced by hypoxia in gastric cancer cells.

We attempted to explore the mechanisms of how CD24
expression is regulated in GCa. In the 50-flanking region of
CD24 up to �3.4 kb upstream from the transcription start site
(National Center for Biotechnology Information; accession
Y14692), there are some consensus sequences that might be
bound by several transcriptional factors, all of which might be
potential molecules to induce cancer aggressiveness (Fig. 4a,
left panel). In these upstream CD24 promoter elements, we
focused on the hypoxic responsive element (HRE) since low
oxygen concentrations can directly influence stem cell renewal
and differentiation(36) and is essential for the maintenance of
those stemness.(37)

To examine our hypothesis that low oxygen tension would
recess CD24 expression in GCa, hypoxic culture was per-
formed on GCa. When TMK-1 was exposed to hypoxia for up
to 72 h, HIF-1a was firstly stabilized within 24 h in hypoxia,
and then HIF-2a was upregulated subsequently at 24 h
onwards (Fig. 4a, right panel). Concomitantly with the
increased HIF-2a, CD24 expression rather increased gradually
from 63% to 82% (48 h; P = 0.0007) and to 87% (72 h;
P = 0.0002), whereas the expression level of other cell surface
markers such as CD44 and CD133 were not influenced by
hypoxia (Fig. 4b, left panel). Hypoxic treatment within 72 h
didn’t influence the viability of TMK-1 cells (data not shown).

Cellular responses to low oxygen tension were also monitored
by immunoblotting to measure the stabilization of HIF-1a and
HIF-2a in the nuclear fraction of TMK-1 cells at the time
point of 48 h in hypoxia (Fig. 4b, right panel). The same
results were observed using FACS analysis of 44As3 cells
after hypoxic treatment (Fig. S3). Knockdown of HIF-1a and
⁄or HIF-2a by using RNAi attenuated the hypoxia-induced
increment of CD24 expression in TMK-1 cells (Fig. 4c, left
panel). These data suggest that hypoxia-driven induction of
CD24 in GCa might be regulated via both or either of HIF-1a
and ⁄ or HIF-2a signaling. The stabilities of each type of HIF-a
in the presence or absence of RNA interferences of HIF-1a
and ⁄ or HIF-2a under hypoxia were also verified by immuno-
blotting analyses. Similarly with data shown in right panels of
Fig. 4a and Fig. 4b, HIF-1a intensity was weaker than that of
HIF-2a at the time point of 48 h of hypoxia, and it was
enhanced by the knockdown of HIF-2a, and vice versa in wes-
tern blot analyses (Fig. 4c, right panel).

Hypoxia potentiated gastric cancer cell migration and invasion

activity through the upregulation of CD24. To investigate
whether hypoxia could influence migration and invasion ability
through CD24 expression, TMK-1 cells were exposed to
hypoxia for 48 h. The migration and invasion of GCa cells
showed significant increments over those treated under norm-
oxic controls; 1.4-fold increases in migration (P = 0.025) and
1.3-fold increases in invasion (P = 0.04), respectively (Fig. 5a,
b). To define the specific requirement for CD24 function in

(a)

(b)

(c)

Fig. 5. The attenuated hypoxia-induced migration
and invasion by the inhibition of CD24 in TMK-1
cells. (a,b) Migration and invasion assays of cells
transfected with siControl or siCD24 under
normoxia or hypoxia. Relative migration and
invasion activities (left panels). Representative
photomicrographs of migrated cells and invaded
cells (right panels). (c) FACS analyses of CD24
positive population in TMK-1 cells transfected with
siControl or siCD24 and cultured in normoxia or
hypoxia for 48 h. *P < 0.05 .
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the hypoxia-induced invasion, in vitro invasion assay was car-
ried out for TMK-1 cells whose CD24 expressions were sup-
pressed by the transfection of siRNA. CD24 knockdown in
TMK-1 cells dramatically decreased cell invasion activities in
both normal and hypoxia conditions. The effect of siRNA on
CD24 expression was assessed by flow cytometry (Fig. 5c).
This result indicates that CD24 is indispensable for the cell
invasiveness of TMK-1 cells and that hypoxia-induced cell
invasion of GCa is partially depended on the up-regulation of
CD24 expression under hypoxia.

Strong CD24 expression was a poor prognosis factor in gastric

cancer after surgery. To assess the clinical relevance of CD24
expression in human GCa, the relationships between CD24
and clinicopathological characteristics were analyzed. In
adjacent non-neoplastic GCa tissue, positive staining of
CD24 was observed at the bottom of the mucosal epithelium
(Fig. S4a, bottom panels). Almost all of the CD24-positive
cells were also positive for H+K+ ATPase (a marker of
parietal cells), indicating that CD24-positive cells were iden-
tical to the Parietal cells in the non-neoplastic lesion (Fig.
S4b). The immunostaining of CD24 in fundic gland cells
was used as the internal positive control. Figure 6, Fig. S4a
and Table S1 show the representative example of expression
patterns and intensity values of CD24 in human GCa sam-
ples. Two CD24 staining patterns (membranous dominant,

cytoplasmic dominant) were detected in GCa cells (Table
S2).
In our immunohistological study, 61 (51%) out of 119 GCa

cases exhibited positive results for CD24. CD24 expression
was observed more frequently in stage III cases (23 of 35
[65.7%] cases) than in stage I ⁄ II cases (38 of 84 [45.2%]
cases) (P = 0.044). CD24 expression in neoplastic GCa tissue
was associated with advanced T grade (depth of invasion),
lymph　node metastasis, and lympho-vascular invasion
(P = 0.036, P = 0.045 and P = 0.004 respectively; Table 2).
The frequency of CD24 expression in HIF-1a and HIF-2a-
positive GCa cases was significantly higher than that in
HIF-1a and HIF-2a-negative GCa cases, respectively and irrel-
evant to histological classifications (Table 3, Fig. 6).
Finally, we examined the relationship between CD24

expression and the overall survival (OS) in GCa. The OS of
CD24-positive GCa was significantly lower than that of
CD24-negative GCa (P = 0.004 for all types, P = 0.046 for
intestinal type, P = 0.011 for diffuse type; Fig. 7), but there
were no additive effects of HIF-1a nor HIF-2a expressions
to the poor prognosis of CD24-positive cases (Fig. S6).
These results suggested that CD24 expression contributes
directly to the malignant potential of GCa under the rela-
tively close regulations of HIF-1a and ⁄ or HIF-2a and is also
a good indicator of poor prognosis for GCa.

(a)

(b)

Fig. 6. Immunohistochemical analyses of CD24 in
human GCa. (a) Representative CD24 staining in
both intestinal and diffuse type. (b) Representative
CD24, HIF-1a and HIF-2a staining in each serial
section.
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Discussion

The chaotic complex of tumor cells is thought to be a conse-
quence of clonal cell division as well as a continuous diversifi-
cation that eventually leads to high invasiveness and metastatic
potentials. This concept such as a hierarchical lineage and dis-
tinct subset within tumor cells is the basis for cancer stem cell
research.(8,9) Partially based on this concept, although as an
independent strategy, we began our experiments by culturing
FACS-sorted CD24-negative GCa cells. CD24-negative GCa
cells exhibited unique chronological changes, converting into
the CD24-positive cell type by long-term culture. Highly
malignant phenotypes of cancer cells including cell adhesion,
migration, and invasion, were stimulated by CD24 expression
in GCa cells. Samely as the previous reports,(25,26) hypoxic
treatment upregulated CD24 expression in GCa as well. GCa
expression of CD24 was shown to be at least, in part, an effect
of hypoxia as sensed by the HIF-1a and ⁄ or HIF-2a systems
under the long cascade of hypoxia-oriented intra-cellular signa-
lings in cultured cells of GCa. Furthermore, there was a
tendency for CD24 to be expressed in GCa cells expressing
HIF-a isoform in clinical samples. Therefore, one proposal
from this study is that hypoxia-regulated CD24 expression is
an important factor to define the heterogeneity and aggressive-
ness of GCa, and may also be relevant in the resistance to con-
ventional therapies of GCa. As shown in Figure S5, for
example, CD24 expression did not affect the sensitivity of GCa
cells to a common chemotherapeutic agent of GCa, 5-FU,
whereas CD24 was upregulated by 5-FU treatment on the tran-
scriptional level. This result indicates the probability that con-
ventional treatments using 5-FU might bring some unfavorable
outcomes to advanced or recurrent GCa patients.

HIF-1a and HIF-2a are known to play critical roles for
the gaining more malignant phenotypes by highly tumori-
genic cancer stem cells endowed with stem-like proper-
ties.(36,38) Since CD24-negative GCa cells showed the

Table 2. Relationship between CD24 expression and clinicopathologic characteristics in gastric cancer

Characteristics CD24 (–) n (%) CD24 (+) n (%) OR (95% CI) P-value

Gender

Male 31 (42.5%) 42 (57.5%) 1 (Reference) 0.086

Female 27 (58.7%) 19 (41.3%) 0.519 (0.245–1.098)

Age

≦65 33 (46.5%) 38 (53.5%) 1 (Reference) 0.549

65< 25 (52.1%) 23 (47.9%) 0.799 (0.384–1.664)

Location

Upper 15 (48.4%) 16 (51.6%) 1 (Reference) –

Middle 25 (50.0%) 25 (50.0%) 0.938 (0.383–2.298) 0.888

Low 18 (47.4%) 20 (52.6%) 1.042 (0.403–2.692) 0.933

Lauren classification

Diffuse type 35 (57.4%) 26 (42.6%) 1 (Reference) 0.054

Intestinal type 23 (39.7%) 35 (60.3%) 2.048 (0.966–4.255)

Stage

I–II 46 (54.8%) 38 (45.2%) 1 (Reference) 0.044

III 12 (34.3%) 23 (65.7%) 2.32 (1.022–5.266)

Depth of invasion

m-sm 27 (61.4%) 17 (38.6%) 1 (Reference) 0.036

mp- 31 (41.3%) 44 (58.7%) 2.254 (1.053–4.826)

Lymphnode metastasis

No 40 (56.3%) 31 (43.7%) 1 (Reference) 0.045

Yes 18 (37.5%) 30 (62.5%) 2.151 (1.017–4.549)

Lympho-vasucular invasion

No 26 (68.4%) 12 (31.6%) 1 (Reference) 0.004

Yes 32 (39.5%) 49 (60.5%) 3.318 (1.467–7.505)

OR, odds ratio; CI, confidence interval; m, mucosa; sm, submucosa; mp, muscularis propria. m-sm, tumor invades lamina propria or submucosa;
mp-, tumor invades muscularis propria or deeper.

Table 3. Relationship between CD24 expression and HIF-1a or HIF-2a

in gastric cancer

CD24 (–) n (%) CD24 (+) n (%) P-value

All cases (n = 119)

HIF-1a

(–) 54 (57.4%) 40 (42.6%) <0.001

(+) 4 (16.0%) 21 (84.0%)

HIF-2a

(–) 45 (60.8%) 29 (39.2%) 0.002

(+) 13 (28.9%) 32 (71.1%)

Diffuse type (n = 61)

HIF-1a

(–) 32 (68.1%) 15 (31.9%) 0.002

(+) 3 (21.4%) 11 (78.6%)

HIF-2a

(–) 24 (68.6%) 11 (31.4%) 0.040

(+) 11 (42.3%) 15 (57.7%)

Intestinal type (n = 58)

HIF-1a

(–) 22 (46.8%) 25 (53.2%) 0.021

(+) 1 (9.1%) 10 (90.9%)

HIF-2a

(–) 21 (53.8%) 18 (46.2%) 0.001

(+) 2 (10.5%) 17 (89.5%)
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autochthonous shift into the CD24 positive, the negativity
for the CD24 was postulated to be an indicator of differenti-
ation potential of GCa cells, which is attributable to stem-
ness properties. However, sorted CD24-negative cells derived
from TMK-1 cells did not show clear stem-like activities,
by measuring in vitro as the spherogenicity of single cells
in non-serum containing media and in vivo as tumorigenicity
in NOD ⁄SCID mice (data not shown). Another finding of
this analysis is that some small population out of the sorted
CD24-positive GCa cell showed alteration into the CD24-
negative, although the convergence rates were within 10%.
This kind of fluctuation of CD24 might also be the hallmark
of heterogeneity of GCa.
Our clinicopathologic study confirmed that CD24 expres-

sion in GCa was correlated with aggressiveness in advanced
stages, invasiveness and lymph node metastasis, but was not
related to the histological cell types of GCa. CD24 was a
poor prognostic factor of GCa (Fig. 7). Recent research has
reported potential efficacies of targeting CD24 in several can-
cers using anti-CD24 antibody or siRNA.(17,18) The targeting
therapy against CD24 might also be applicable to GCa.
Another crucial point we might have to pay attention to espe-
cially in GCa, is that CD24-positive cells can be generated
from a CD24-negative population. Even if the cells were
CD24 negative, or even if CD24 positive cells are eliminated
by treatments, GCa cells can change their phenotype from
the CD24-negative into the CD24-positive one. Hence, a
combinatorial strategy, such as molecular targeting for CD24
plus other treatment based on the mechanism how CD24 is
evoked on the CD24-negative cells, is essential for GCa
treatment. To overcome these complicated characteristics of
GCa, detailed molecular mechanisms as to how CD24 expres-
sion is regulated should be intensively investigated in GCa.
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