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CD24 is a glycosylphosphatidylinositol-anchored membrane pro-
tein reported to be overexpressed in human tumorigenesis and
progression. Our purpose was to determine the role of CD24 in the
proliferation of colorectal cancer cells and the potential mecha-
nisms in this process. Our data showed that CD24 promoted cell
growth and induced activation of extracellular signal-regulated
kinases, Raf-1, and p38 mitogen-activated protein kinase. Further-
more, suppression of extracellular signal-regulated kinases and
p38 mitogen-activated protein kinase activity by their specific
inhibitors, U0126 and SB203580, abrogated CD24-induced prolifer-
ation in vitro. By tumorigenicity assay in female BALB ⁄ c nude mice,
we further demonstrated that CD24 promoted tumor growth
in vivo. Immunohistochemical analysis revealed that CD24 expres-
sion occurred in 92.5% of human colorectal cancer tissue, and
increased with tumor progression. More importantly, the stainings
of phospho-extracellular signal-regulated kinases and phospho-
p38 mitogen-activated protein kinase were strongly correlated
with CD24 expression. Taken together, our data suggest that
CD24-dependent extracellular signal-regulated kinases and p38
mitogen-activated protein kinase activations are required for colo-
rectal cancer cell proliferation in vitro and in vivo. The linkage of
CD24 and the mitogen-activated protein kinase pathway may
unravel a novel mechanism in the regulation of colorectal cancer
proliferation. (Cancer Sci 2010; 101: 112–119)

C D24, a GPI-anchored membrane protein, consists of a
small protein core comprising 27 amino acids with several

potential O- or N-linked glycosylation sites, which leads to the
molecular weight ranging between 38 and 70 kDa.(1) CD24,
referred to as a B cell differentiation marker at first, plays
crucial roles in lymphocyte maturation,(2–4) neuronal develop-
ment,(5) and tissue renewal homeostasis under physiological
conditions.(6) Recently, CD24 was reported to be upregulated in
human cancers such as breast cancer,(7) prostate cancer,(8) and
cholangiocarcinoma,(9) and its overexpression is usually associ-
ated with poor prognosis,(7–12) suggesting that this gene may
play a key role in tumorigenesis. Recent studies showed that
ectopic overexpression of CD24 in a rat carcinoma cell line
increased cell proliferation and adhesion,(13) and downregulation
of CD24 expression in human carcinoma cell lines resulted in
growth inhibition, decreased clonogenicity, changes in the actin
cytoskeleton, and induction of apoptosis,(14) suggesting that
CD24 has key effects on biological aspects of cancer cells. In
CRC, CD24 is commonly upregulated and cytoplasmic CD24
expression remains a significant independent prognostic mar-
ker.(15,16) Furthermore, downregulation of CD24 expression
induces growth inhibition in CRC and pancreatic cancer, and
this effect is augmented in combination with classic chemother-
apies.(17) Taken together, CD24 plays an important role in the
development and progression of malignant tumor, including
CRC. However, the underlying mechanisms remain largely
unclear.
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Mitogen-activated protein kinases are serine ⁄ threonine kinas-
es that play an important role in signal transduction from the cell
surface to the nucleus. The mammalian MAPK can be divided
into ERK, JNK, and p38 MAPK. In response to a wide range of
extracellular stimuli, the MAPK cascades determine cell fate,
including cell growth, differentiation, and apoptosis.(18) A previ-
ous study showed that CD24 expression is negatively associated
with p-MAPK in cholangiocarcinoma,(9) suggesting that MAPK
pathways may be involved in CD24-induced tumorigenesis.

In our present study, we determined the role of CD24 in the
proliferation of CRC cells and attempted to elucidate the poten-
tial role of the MAPK pathway in this process. Our data showed
that CD24-dependent ERK1 ⁄ 2 and p38 MAPK activation is
required for CRC cell proliferation in vitro and in vivo. The link-
age of CD24 and the MAPK pathways may unravel a novel
mechanism in the regulation of CRC proliferation.

Materials and Methods

Reagents and antibodies. RPMI-1640 medium and FBS were
purchased from Gibco (Purchase, NY, USA). G418 and
SB203580 were obtained from Calbiochem (Darmstadt, Ger-
many). U0126, ERK1 ⁄ 2 (137F5) antibody, p38 MAPK anti-
body, SAPK ⁄ JNK antibody, phospho-SAPK ⁄ JNK
(Thr183 ⁄ Tyr185) antibody, and phospho-p38 MAPK antibody
were purchased from Cell Signaling Technology (Beverly, MA,
USA). CD24 (C-20) polyclonal antibody, Raf-1 (C-12) anti-
body, p-Raf-1 (Ser338), p-ERK (E-4), and b-actin (C-4) were
from Santa Cruz Biotechnology (Santa Cruz, CA, USA). CD24
Ab-1 (Clone SN3) mouse monoclonal antibody was from Neo-
marker (Lab Vision Corporation, Fremont, CA, USA).

Tissue samples. Formalin-fixed, paraffin-embedded tissue
samples from 106 primary human CRC were randomly obtained
at surgery and had been processed by routine clinical histopatho-
logical methods. The patients comprised 65 men and 41 women,
with a mean age of 59.6 years (range 26–87 years). The patho-
logical tumor stages were determined according to the TNM
classification of the American Joint Committee on Cancer Crite-
ria, and the World Health Organization (WHO) classification of
tumors was used to determine the histological grade. The study
was carried out in accordance with the institutional ethical
guidelines and had been approved by the medical ethics commit-
tee of Southern Medical University. Informed consent was
obtained from all patients.

Cells culture and treatments. SW1116, SW480, SW620,
HCT8, LoVo, and Colo205 cell lines were obtained from Ameri-
can Type Culture Collection (Rockville, MD, USA). Cells were
maintained in RPMI-1640 medium supplemented with 10% FBS
(complete medium) at 37�C with an atmosphere of 5% CO2 until
confluency and subcultured using 0.05% trypsin. For treatment
with pharmacological inhibitors, cells were kept in complete
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Fig. 1. Expression of CD24 was cell type-dependent in colorectal
cancer cell lines. (A) Flow cytometric analysis of different colorectal
cancer cell lines at the protein level. The cells were stained with anti-
CD24 monoclonal antibodies and FITC-conjugated secondary
antibodies. Abscissa, fluorescence intensity (log scale); ordinate, cell
number (linear scale). Filled trace, background staining; open trace,
staining with CD24. (B) Differentiated levels of CD24 mRNA were
detected in colorectal cancer cell lines by RT-PCR.
medium containing 10 lM U0126 or 20 lM SB203580. Medium
containing inhibitor was renewed every day.

Construction of the CD24 expression plasmid and stable
transfection. A full-length human CD24 cDNA corresponding to
bases 111–353 of Genbank accession no. NM_013230 was
amplified by PCR from a normal intestinal cDNA library (a gift
of Professor Jide Wang). The primer pairs for CD24 were
5¢-TAGGTACCACTATGGGCAGAGCAATGG-3¢ (forward)
and 5¢-CCGGAATTCCGTTAAGAGTAGAGATGC-3¢ (reverse).
The PCR product was cloned into the pcDNA3.1(+) vector
(Invitrogen, Purchase, NY, USA) to create the pcDNA3.1(+)-
CD24 plasmid. The orientation of the insert and the sequence of
cDNA were verified by sequencing. Cultured SW480 cells were
transfected with the recombinant plasmids and the empty vector
using the lipofectamine 2000 reagent (Invitrogen) according to
the manufacturer’s instructions. Transfectants were selected
in medium containing 600 lg ⁄ mL G418. After selection and
isolation of stably transfected clones, the clones were analyzed
for CD24 expression using RT-PCR and FCM.

RT-PCR. Total RNA was extracted from cells using Trizol
(Invitrogen). RNA samples (2 lg) were subjected to reverse
transcription using a RevertAid First Strand cDNA Synthesis
Kit (Fermentas, MBI, Vilnius, Lithuania). The primer pairs for
CD24 were 5¢-GACATGGGCAGAGCAATGGTGGC-3¢
(forward) and 5¢-GAGTGAGACCACGAAGAGACTGGC-3¢
(reverse).(19) The PCR was initiated by 5 min incubation at
94�C, ended after a 10 min extension at 72�C, 32 cycles for
denaturation at 94�C for 30 s, annealing at 55�C, and extension
at 72�C for 1 min using a PCR kit (SBS Genetech Co., Beijing,
China). RT-PCR was repeated twice and GADPH mRNA was
amplified simultaneously as an internal control.

Flow cytometry. Cells were harvested and resuspended in
PBS ⁄ 5% FBS at a density of 2·106 ⁄ mL. CD24 monoclonal anti-
bodies (Ab-1; Neomarker) were applied at 5 lg ⁄ mL (1:100) in a
200-lL cell suspension. After incubation for 60 min on ice, the
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cells were washed with PBS ⁄ 5% FBS twice and incubated for a
further 40 min with FITC-conjugated secondary antibody
(1:200; Santa Cruz Biotechnology) on ice. The cells were
washed with PBS ⁄ 5% FBS twice again and analyzed by FCM.
As negative controls, cells were stained with the isotype-
matched control antibodies.

Preparation of siRNA and transfection. A siRNA duplex target-
ing CD24 and a negative control sequence were designed and
synthesized by GenePharma Co. (Shanghai, China). The target
sequence of the CD24 siRNA duplex was 5¢-GAUUUA
UUCCAGUGAAACATT-3¢. BLAST research ensured that
the sequence had no significant homology with other human
genes. Freeze-dried siRNA was reconstituted with RNase-free
water to prepare a 20 lM stock solution. The siRNA and negative
control sequences were transfected into SW620 cells using
lipofectamine 2000 reagent according to the manufacturer’s
instructions.

Western blotting. Protein extraction and immunoblotting have
been described before.(20) Actin was detected as an internal con-
trol. All experiments were repeated twice and blots were ana-
lyzed using quantity one 1-D analysis software (Bio-Rad,
Hercules, CA, USA).

Proliferation assays. Cell growth was evaluated using a WST-
8 assay (Beyotime Institute Biotech, Shanghai, China). The cells
were seeded into 96-well culture plates at a density of 2000
cells, and the medium was replaced with 100 lL fresh medium
and 10 lL WST-8 reagent in each well at 24, 48, 72, and 96 h.
After the plate was returned to the incubator for 1–2 h, the
absorbance at 450 nm was measured using an enzyme-linked
immunosorbent assay plate reader.

Tumorigenicity assay in nude mice. Animal experiments were
approved by the Animal Care and Use Committee (approval
number SCXK 2003-0002 2008A053) and all the protocols were
in agreement with the requirements of the committee. Eight
female BALB ⁄ c nude mice (5 weeks old) were obtained from
Guangdong Province Medical Experimental Animal Center, and
were maintained under specific pathogen-free conditions in the
Experiment Animal Center of Nanfang Hospital (Guangzhou,
China). Mice were injected subcutaneously with 4·106 cells into
the left (SW480vec cells) or right (SW480CD24+1 cells) flanks,
and were then monitored once every 5 days for 5 weeks. The
size of the tumor was determined by caliper measurement of the
subcutaneous tumor mass. Tumor volume was calculated
according to the formula: tumor volume = length · (width)2 ⁄ 2.

Immunohistochemical analysis and evaluation. The immuno-
histochemical methods have been described before.(21) Sections
were incubated with primary antibodies in appropriate dilutions
overnight at 4�C (CD24 antibody, 1:400 dilution; p-ERK anti-
body, 1:100 dilution; p-p38 antibody, 1:100 dilution). Scoring of
tissue slides was carried out independently by two investigators;
the percentage of positive cells and the intensity of staining were
scored from 0 to 3: 0, less than 10% of cells stained; 1, 10–50%
of cells stained; 2, 50–75% of cells stained; 3, more than 75% of
cells stained as described previously.(22)

Statistical analysis. The ANOVA was used to determine
whether the results of proliferation assays had statistical signifi-
cance. The non-parametric Mann–Whitney or Kruskal–Wallis
tests were applied to test the significance of differences among
groups of clinicopathological parameters, whereas the correla-
tions among p-ERK1 ⁄ 2, p-p38 MAPK, and CD24 were evaluated
by the Spearman rank-order correlation coefficient. The level of
significance was defined as P < 0.05. SPSS 13.0 software (SPSS
Inc., Chicago, IL, USA) was used for statistical analysis.

Results

Expression of CD24 was cell type-dependent in CRC cell
lines. FCM analysis was used to detect CD24 expression at the
Cancer Sci | January 2010 | vol. 101 | no. 1 | 113
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Fig. 2. Effect of CD24 on the growth of SW480 cells. (A) CD24 mRNA was detected in cell clones of SW480 using RT-PCR. (B) Flow cytometry
confirmed the expression of CD24 at the protein level. Abscissa, fluorescence intensity (log scale); ordinate, cell number (linear scale). Filled
trace, background staining; open trace, staining with CD24. (C) Increased growth ability was detected in SW480CD24+1 cells compared with
SW480vec cells and parental SW480 cells using the WST-8 assay (***P < 0.001). Ordinate, absorbance at 450 nm. (D) CD24 promoted tumor
growth in nude mice (***P < 0.001). BALB ⁄ c nude mice were injected subcutaneously with 4·106 cells and tumor volume was measured once
every 5 days. (E) Histological analysis of implanted tumors with H&E staining (·200).
protein level in the CRC cell lines. Of the six cell lines, SW1116
maintained moderate expression of CD24, SW620 and Colo205
contained higher expression, but the expression was scarcely
observed in SW480, HCT8, and LoVo cell lines (Fig. 1A). To
investigate CD24 mRNA at the level of transcription, a standard
RT-PCR experiment was carried out. As seen in Figure 1(B),
the result was consistent with FCM analysis. These results
showed that expression of CD24 was cell type-dependent in
CRC cell lines.

Overexpression of CD24 induced proliferation in vitro and
in vivo. The CD24 recombinant plasmid pcDNA3.1(+)-CD24
was constructed using the expression vector pcDNA3.1(+), and
was then stably transfected into the SW480 cells. Two clones,
named as SW480CD24+1 and SW480CD24+4, exhibited dramati-
cally increased expression of CD24 at the mRNA transcript
level compared with the parental and vector control cells
(Fig. 2A). Expression of CD24 at the protein level in these
clones was confirmed by FCM analysis (Fig. 2B). The growth
ability of SW480CD24+1 cells in vitro was assessed by WST-8
assay, and the results showed that these cells proliferated more
quickly than SW480vec cells, which were transfected with the
vector alone, and the parental SW480 cells (Fig. 2C).

To examine whether overexpression of CD24 could promote
tumorigenicity of SW480 in nude mice, the growth of a xeno-
graft tumor model was applied. As shown in Figure 2(D), the
SW480CD24+1 cells developed tumors with larger volumes than
SW480vec cells (2.13±0.60 vs 0.37±0.15 at the fifth week,
P < 0.001). All tumors were confirmed by H&E staining
(Fig. 2E).

Overexpression of CD24 induced activation of ERK1 ⁄ 2, Raf-1,
and p38 MAPK, but had no effect on JNK1 ⁄ 2. To elucidate the
potential mechanisms of CD24-induced proliferation, we exam-
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ined the activation of the MAPK pathway. As shown in
Figure 3(A,B), ERK1 ⁄ 2 and p38 MAPK were activated in the
SW480CD24+1 and SW480CD24+4 cells compared with SW480vec

cells and the parental SW480 cells. However, no activation of
JNK1 ⁄ 2 was observed (Fig. 3C). To determine the role of CD24
in the Raf–ERK pathway, we further detected the activity of
Raf-1, the upstream ERK1 ⁄ 2 activator, and our data showed that
Raf-1 protein levels and kinase activity were elevated after the
SW480 cells were overexpressed with CD24 (Fig. 3D).

Subsequently, we checked the effect of CD24 on ERK1 ⁄ 2
and p38 MAPK in implanted tumors of mice. Immunostaining
showed that CD24, p-ERK1 ⁄ 2, and p-p38 MAPK were scarcely
detectable in tumors derived from SW480vec cells but were
highly expressed in tumors derived from SW480CD24+1 cells
(Fig. 3E).

Suppressing the activation of ERK1 ⁄ 2 and p38 MAPK abro-
gated CD24-induced proliferation in the SW480CD24+1 cells. To
further evaluate the contribution of ERK1 ⁄ 2 and p38 MAPK to
the CD24-induced proliferation, specific pharmacological inhib-
itors suppressing ERK1 ⁄ 2 or p38 MAPK activation were used.
The starved cells were treated either with an inhibitor of the
upstream ERK1 ⁄ 2 activator MEK1 ⁄ 2 (U0126), or the p38
MAPK inhibitor SB203580. DMSO was used as a control. The
cells were treated separately with 10 lM U0126 or 20 lM

SB203580 and observed at 24 and 72 h after treatment followed
by WST-8 assay for cell viability. In the meantime, parallel cul-
tures were analyzed for total phosphorylation changes by wes-
tern blotting, and the result confirmed that the activation of
ERK1 ⁄ 2 (Fig. 4A) and p38 MAPK (Fig. 4C) was significantly
inhibited. The WST-8 assays showed that there were significant
decreases of cell viability in the cells treated with U0126
(Fig. 4B) and SB203580 (Fig. 4D) after 72 h.
doi: 10.1111/j.1349-7006.2009.01370.x
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Fig. 3. The activities of ERK1 ⁄ 2, Raf-1, p38 MAPK, and JNK in SW480CD24+1 and SW480CD24+4 cells were assessed by western blotting.
Overexpression of CD24 induced the activation of (A) ERK1 ⁄ 2, (B) p38 MAPK, and (D) the upstream molecule of ERK1 ⁄ 2, Raf-1. (C) However, no
activation was observed in JNK1 ⁄ 2. b-Actin expression was used to normalize for equal loading. (E) Immunohistochemical analysis of implanted
tumors with antibodies to CD24, p-ERK, and p-p38 (·400).
Downregulation of CD24 inhibited cell growth and reduced
activation of ERK1 ⁄ 2, Raf-1, and p38 MAPK. To confirm the
effect of CD24 on growth and MAPK pathway activation, the
strategy of siRNA-based knockdown of CD24 in SW620 cells
was used. To develop siRNA for CD24, we initially tested three
individual duplexes and identified one siRNA that efficiently
reduced CD24 expression for further experiments. As shown in
Figure 5(A,B), the cells treated with the siRNA showed a
decrease in the mRNA and protein levels compared with the
parental SW620 and negative control cells. Following siRNA-
mediated depletion of CD24 in SW620 cells, we observed a
significant decrease (P < 0.001) in cell number during a 96-h
period, suggesting that CD24 knockdown induced cell growth
inhibition (Fig. 5C). Western blotting showed that downregula-
tion of CD24 reduced activation of ERK1 ⁄ 2, Raf-1, and p38
MAPK in SW620 cells (Fig. 5D), which further validates the
association between CD24 and the MAPK pathway.

Immunostaining of p-ERK1 ⁄ 2 and p-p38 MAPK strongly
correlated with CD24 expression in human CRC tissue. To inves-
tigate the correlations among p-ERK1 ⁄ 2, p-p38 MAPK, and
CD24 in vivo, immunohistochemical staining of the three mole-
cules was carried out in serial sections of CRC tissues. CD24
staining was present mainly in the membrane and ⁄ or cytoplasm;
92.5% cases showed positive staining and 57.6% cases were
moderately or strongly positive, whereas its expression in
adjacent normal mucosa was either absent or barely detectable
Wang et al.
on cell membranes. There was a significantly positive correla-
tion between CD24 expression and nodal status (r = 0.206,
P = 0.034), distant metastasis (P = 0.025), and tumor stage
(r = 0.242, P = 0.012), while no correlation was observed
between CD24 expression and age, sex, localization, depth of
invasion, or grade (Fig. 6; Table 1), showing that CD24 expres-
sion increased with tumor progression.

Observation using the serial sections showed that p-ERK1 ⁄ 2
was located mainly in the cytoplasm and p-p38 MAPK was
disseminated in both the cytoplasm and nucleus of the same
cancer cells. Expression of p-ERK1 ⁄ 2 and p-p38 MAPK was
observed in 84.0% and 79.0% cases, respectively, while their
staining in adjacent normal mucosa was weak or absent and had
no association with any clinicopathological parameters (data not
shown).

More importantly, as shown in Figure 7, strong correlations
were found between CD24 expression and immounostaining of
p-ERK1 ⁄ 2 or p-p38 MAPK in CRC (r = 0.618, P < 0.001; and
r = 0.536, P < 0.001 respectively), suggesting that activation of
ERK1 ⁄ 2 and p38 MAPK strongly correlated with CD24 expres-
sion in CRC tissue.

Discussion

In the present study, we evaluated the role of CD24 in the prolif-
eration of CRC cells and the potential mechanisms. Our data
Cancer Sci | January 2010 | vol. 101 | no. 1 | 115
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Fig. 4. Activation of ERK1 ⁄ 2 and p38 MAPK was required for CD24-induced proliferation. Western blotting analysis confirmed that (A) ERK1 ⁄ 2
and (C) p38 MAPK activation was suppressed when cells were treated with 10 lM U0126 or 20 lM SB203580. The cells were incubated with RPMI-
1640 medium containing 1% FBS for 12 h. Starved cells were treated with U0126 or SB203580 2 h before complete medium was added. The
total protein and phosphorylation levels of ERK1 ⁄ 2 and p38 MAPK expression were determined by western blotting analysis 30 min later. Cell
growth in the presence of (B) U0126 or (D) SB203580 was assessed after 24 and 72 h treatment by WST-8 assay. All experiments were repeated
twice. Ordinate, absorbance at 450 nm.
showed that CD24 expression occurred in 92.5% of human CRC
and increased with tumor progression. CD24 could induce pro-
liferation of CRC cells in vitro and in vivo. In addition, we
showed for the first time that CD24-induced proliferation was
dependent on the activation of ERK1 ⁄ 2 and p38 MAPK in
CRC. Moreover, activation of ERK1 ⁄ 2 and p38 MAPK also
appeared to be strongly correlated with CD24 expression in
(A)

(B) (C)

Fig. 5. Knockdown of CD24 inhibited cell growth and reduced the activa
parental SW620 and treated cells using RT-PCR. (B) Flow cytometry
fluorescence intensity (log scale); ordinate, cell number (linear scale). Fille
8 assay showed that knockdown of CD24 inhibited cell growth in SW620
of CD24 reduced the activation of ERK1 ⁄ 2, Raf-1, and p38 MAPK, but
control sequence; KD, SW620 cells treated with siRNA duplex targeting CD
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CRC tissue. Our finding provided a novel interpretation for the
mechanism of CD24-induced proliferation in CRC.

To date, published studies have mainly concentrated on the
expression and function of CD24 in epithelial cancers, but litera-
ture about the molecular mechanism of CD24 contributing to
malignant transformation is very limited. Recent studies by
microarray analysis at the mRNA level have revealed that genes
(D)

tion of ERK1 ⁄ 2, Raf-1, and p38 MAPK. (A) CD24 mRNA was detected in
confirmed downregulation of CD24 at the protein level. Abscissa,
d trace, background staining; open trace, staining with CD24. (C) WST-
cells (***P < 0.001). (D) Western blotting showed that downregulation
had no effect on JNK1 ⁄ 2. NC, SW620 cells transfected with negative
24.
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Fig. 6. CD24 expression increased with colorectal
cancer progression. (A) Normal mucosa showing
negative expression of CD24. (B) Weak expression
in a stage I tumor. (C) An invasive stage II
carcinoma showing moderate staining. Note an
obvious interface between normal mucosa and
cancer. (D) Strong expression in a stage III
colorectal cancer. The scale of scale bars: 10 lm.

Table 1. Association between CD24 expression and clinicopathological parameters

Variable n

CD24

P-value0 1 2 3

n (%) n (%) n (%) n (%)

All cases 106 8 (7.5) 37 (34.9) 43 (40.6) 18 (17.0)

Gender

Male 65 4 (6.2) 24 (36.9) 25 (38.5) 12 (18.5) 0.817†

Female 41 4 (9.8) 13 (31.7) 18 (43.9) 6 (14.6)

Age (years)

£60 48 2 (4.2) 17 (35.4) 23 (47.9) 6 (12.5) 0.861†

>60 58 6 (10.3) 20 (34.5) 20 (34.5) 12 (20.7)

Tumor location

Right colon 19 2 (10.5) 8 (42.1) 4 (21.1) 5 (26.3) 0.545‡

Left colon 24 1 (4.2) 11 (45.8) 10 (41.7) 2 (8.3)

Rectum 63 5 (7.9) 18 (28.6) 29 (46.0) 11 (17.5)

Depth of invasion

T1 6 0 (0) 0 (0) 6 (100) 0 (0) 0.849§

T2 15 3 (20) 4 (26.7) 5 (33.3) 3 (20.0)

T3 59 4 (6.8) 24 (40.7) 21 (35.6) 10 (16.9)

T4 26 1 (3.8) 9 (34.6) 11 (42.3) 5 (19.2)

Nodal status

N0 55 6 (10.9) 23 (41.8) 21 (38.2) 5 (9.1) 0.034§

N1 31 2 (6.5) 6 (19.4) 12 (38.7) 11 (35.5)

N2 20 0 (0) 8 (40.0) 10 (50.0) 2 (10.0)

Distant metastasis

M0 90 8 (8.9) 33 (36.7) 37 (41.1) 12 (13.3) 0.025†

M1 16 0 (0) 4 (25.0) 6 (37.5) 6 (37.5)

Tumor stage

I 16 1 (6.3) 3 (18.8) 11 (68.8) 1 (6.3) 0.012§

II 37 5 (13.5) 20 (54.1) 9 (24.3) 3 (8.1)

III 37 2 (5.4) 10 (27.0) 17 (45.9) 8 (21.6)

IV 16 0 (0) 4 (25.0) 6 (37.5) 6 (37.5)

Grade

1 23 3 (13.0) 8 (34.8) 9 (39.1) 3 (13.0) 0.887§

2 70 5 (7.1) 21 (30.0) 29 (41.4) 15 (21.4)

3 13 0 (0) 8 (61.5) 5 (38.5) 0 (0)

†Determined using the two-tailed Mann–Whitney test; ‡determined using the two-tailed Kruskal–Wallis test; §determined using the Spearman
rank-order correlation coefficient.
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Fig. 7. Activation of ERK1 ⁄ 2 and p38 MAPK in human colorectal cancer strongly correlated with cytoplasmic CD24 expression. (A–C) Serial
sections of a stage II tumor showing weak expression for (A) CD24, (B) p-ERK1 ⁄ 2, and (C) p-p38 MAPK. (D–F) Serial sections of a stage III tumor
demonstrating moderate immunostaining for (D) CD24, (E) p-ERK1 ⁄ 2 and (F) p-p38 MAPK. The scale of scale bars: 10 lm.
in the Ras pathway, MAPK, and Bcl-2 family are frequently
downregulated when CRC cells are subjected to anti-CD24
mAb or shRNA.(17) Our present results showed that ERK1 ⁄ 2
and p38 MAPK were activated by CD24 and were required for
CD24-induced proliferation. However, JNK1 ⁄ 2, which play
important roles in controlling programmed cell death or apopto-
sis,(23,24) did not participate in the process. To our knowledge,
this is the first detailed analysis at the protein level of the MAPK
family and their contribution to CD24-induced proliferation in
CRC, even in solid tumors. In addition, CD24 is a member of
the glycosylated GPI-linked cell surface protein family organiz-
ing the functional microdomains known as lipid rafts, which are
proposed to function as platforms for the attachment of proteins
when membranes are moved around inside the cell and during
signal transduction.(25,26) Crosslinking of CD24 induces rapid
Tyr phosphorylation of several cellular proteins of the Src fam-
ily in a cell-type depending manner,(27,28) along with subsequent
activation of MAPK in Burkitt’s lymphoma cells.(2) Src family
members are key molecules of non-receptor tyrosine kinases
involved in signal transduction from membrane to cytoplasm.(29)

Therefore, these studies suggest that CD24 could evoke an intra-
cellular signaling pathway through interacting with src kinases
or other molecules, although it has no cytoplasmic portion to
transduce signals.

The Raf–ERK pathway is widely expressed and is involved in
the regulation of mitosis and the proliferative rate of tumor
cells,(23) and targeting this cascade for the treatment of cancer
has been the subject of intense research and pharmaceutical
scrutiny.(30) Blockade of the pathway suppresses growth of
colon tumors in vivo,(31) and the selective inhibitor of
MEK1 ⁄ ERK44 ⁄ 42, PD98059, augments sulindac sulfide-induced
apoptosis in human colon carcinoma cells.(32) In our study,
immunohistochemical analysis showed that the ERK1 ⁄ 2 path-
way was activated in CRC and the MEK1 ⁄ 2 inhibitor U0126
abrogated CD24-induced proliferation, suggesting that the
ERK1 ⁄ 2 pathway is a potential target for therapy of CRC. Our
data showed that CD24-induced proliferation was not only
118
ERK1 ⁄ 2-dependent but also p38 MAPK-dependent. p38 MAPK
is generally activated by inflammatory cytokines and environ-
mental stresses and may contribute to diseases like asthma and
autoimmunity;(24) it also negatively regulates cell proliferation
and renewal in lung and liver cancer development pro-
cesses.(33,34) Consistent with recent studies, our data showed that
p38 MAPK inhibitor is mainly responsible for inducing apopto-
sis in human colon cancer cells.(35,36) Taken together, these data
suggest that the role of p38 MAPK in the cellular response to
stimulus is cell type- and context-dependent and is pro-onco-
genic in CRC.

CD24 induced CRC cell proliferation through activating the
Raf–ERK pathway and p38 MAPK, suggesting that the linkage
of CD24 and the MAPK pathway may unravel a novel mecha-
nism in the regulation of CRC proliferation. Moreover, our data
showed that CD24 is overexpressed in CRC tissue, and
increases with tumor progression. More importantly, a previous
study has shown that cytoplasmic CD24 expression in colorectal
cancer is associated with poor prognosis.(15) Therefore, CD24
may be a new potential target for the prevention and treatment
of CRC. Further investigation will be required to elucidate this
question.
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