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Abstract. – OBJECTIVE: CD24 is overex-
pressed in breast cancer, and patients with high
CD24 expression was resistant to tamoxifen
treatment. Furthermore, treatment with CD24 an-
tibody to inhibit CD24 expression could induce
apoptosis and inhibits migration in breast can-
cer cells in vitro. In this study, we investigated
the anti-tumor efficacy of CD24 knockdown us-
ing siRNA targeting CD24 on proliferation, inva-
sion and sensitivity to tamoxifen (TAM) of breast
cancer MCF-7 cells in vitro.

MATERIALS AND METHODS: CD24 siRNA
vector (CD24-siRNA) and empty plasmid vector
(EP) were transiently transfected into the
breast cancer MCF-7 cells and the knockdown
efficacy was assessed by Western blot analy-
sis. The effects of CD24 knockdown on cell vi-
ability, apoptosis and sensitivity to TAM in
MCF-7 cells were determined using methyl thi-
azolyl blue tetrazolium bromide (MTT), ELISA
and terminal deoxynucleotidyl transferase-me-
diated nick end-labeling (TUNEL) assays. The
effects of CD24 knockdown on cell invasion
and migration were determined using
chemoinvasion assay and wound scratch as-
say, respectively.

RESULTS: Transfection of CD24-siRNA effec-
tively down-regulated CD24 expression in MCF-
7 cells in vitro. CD24 suppressed showed sig-
nificantly decreased proliferation, invasion and
increased apoptosis as well as increased sensi-
tivity to TAM in vitro in MCF-7 cells.

CONCLUSIONS: Knockdown of CD24 expres-
sion by CD24-siRNA significantly inhibited in-
vasion and cell viability, and induced apoptosis
and increased sensitivity of MCF-7 cells to TAM,
indicating that knockdown of CD24 by siRNA
might be a potential therapeutic approach
against human breast cancer.
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Introduction

CD24 is a glycosylphosphatidylinositol-an-
chored membrane protein; its heterogeneous
molecular weight rangs from 30 to 70 kDa1. The
protein is related to the membrane via glyco-
sylphosphatidylinositol (GPI)-anchor and is
mainly located in membrane lipid raft domains2.
It has recently found that CD24 is overexpressed
in many human cancers, such as pancreatic can-
cer3, intrahepatic cholangiocarcinoma4, osteosar-
coma5, gastric cancer6, extrahepatic bile duct can-
cer7. In intrahepatic cholangiocarcinoma, patients
with CD24 positive tumors had significant short-
er survival time, and CD24 expression and tumor
stage were independent prognostic factors4. In la-
ryngeal squamous cell carcinoma (LSCC), over-
expression of CD24 in LSCC is associated with
invasiveness, metastatic potential and high tumor
proliferation status8. CD24 overexpression also
has a poor prognosis in human gliomas9, non-
melanoma skin cancer10, bladder cancer11 and he-
patocellular carcinoma12. In breast cancer, over-
expression of CD24 was also associated with
poor prognosis13-17.

CD24 expression has been demonstrated to
regulate tumour cell proliferation, migration and
invasion in osteosarcoma, ovarian cancer and
gastric cancer AGS cells18-20. Knockdown of
CD24 also enhances chemosensitivity in gastric
cancer AGS cells20.In MCF-7 breast cancer cells,
treatment with CD24 antibody could induce
apoptosis and inhibits migration21. Schabath et
al22 has showed that CD24 was a regulator of
CXCR4 function that could be relevant for breast
cancer growth and metastasis. CD24 overexpres-
sion increases cell proliferation and adhesion in a
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rat carcinoma cell line through activation of inte-
grins23.

Tamoxifen (TAM) is the most frequently used
drug for the treatment of breast cancer. Surowiak
et al24 has found CD24 was the potential marker
of breast cancers which are resistant to tamoxifen
treatment. We, therefore, suggested that knock-
down of CD24 might sensitize breast cancer cells
to tamoxifen treatment.

In the present study we first knockdown of
CD24 expression in human breast cancer cell line
MCF-7 by RNA interference (RNAi) to deter-
mine its effect on the proliferation and invasive
ability as well as the sensitivity of MCF-7 cells
to TAM in vitro.

Materials and Methods

Cell Culture and Transfection
Human breast cancer cell line MCF-7 was pur-

chased from ATCC, Shanghai, China. The cells
were grown in Dulbecco’s Modified Eagle Medi-
um (DMEM) with 8% fetal calf serum (FCS) un-
der 5% CO2. CD24 siRNA (h) (sc-29978) and
control siRNA was gifted by Dr. Jiao, the Affili-
ated Hospital of Qingdao University20. MCF-7
cells were transiently transfected with CD24 siR-
NA and control siRNA respectively using lipo-
fectamine 2000 (Invitrogen, Shanghai, China) for
48 hs according to the manufacturer’s instruc-
tions. Then the MCF-7 cells were verified by
Western blot analysis.

Tamoxifen Treatment
MCF-7 cells or MCF-7 cells transfected with

CD24 siRNA and control siRNA for 48 hs, then
exposed to tamoxifen (0.01-1 µM) for 72 h,
CD24 and estrogen receptor (ER) were assessed
by western blot analysis.

Western Blot Analysis
Total protein from cells at different time points

under different condition was extracted using RI-
PA lysis buffer containing 50 µg/ml phenyl-
methylsulfonyl fluoride (PMSF). Protein concen-
trations were determined by Bicinchoninic Acid
(BCA) protein assay kit (Boster Biology Co.,
Wuhan, China). The protein samples were dena-
tured at 100°C for 10 min and then preserved at -
20°C for later use. The protein samples were sep-
arated by 7.5% SDS-polyacrylamide gels and
transblotted onto Nitrocellulose blotting mem-
brane (0.22 µm). Membranes were blocked with

5% skim milk for 1 h at room temperature, and
probed with primary antibodies (rabbit anti-
CD24, Anti-ER and mouse anti-β-actin)
overnight at 4°C. After incubation with the ap-
propriate anti-rabbit, anti-goat or anti-mouse
horseradish peroxidase-conjugated secondary an-
tibody (1:5000, Boster, China) for 1.5 hs at room
temperature, immunoreactive bands were visual-
ized by the chemiluminescence dissolvent (Ther-
mo Scientific, Waltham, MA, USA, USA) and
exposed to the X-ray film (Kodak, Rochester,
MA, USA). The determination of grayscale value
was processed by Image J. All experiments were
repeated by three times over multiple days.

MTT Assay
The cell viability was detected by the MTT as-

say. Briefly, MCF-7 cells transfected with CD24
siRNA or control siRNA for 96 hs (1×104

cells/well of 96-well plate), or transfected with
CD24 siRNA or control siRNA for 48 hs, then
exposed to tamoxifen (0.1 µM) for 72 h and
thereafter 25 ml of MTT solution (5 mg/ml in
PBS) was added. After 2 h of incubation, 100 ml
extraction buffer (20% SDS in 50% dimethylfor-
mamide) was added. After an overnight incuba-
tion at 37oC, absorbance was red at 570 nm.

ELISA Detection
The cell death detection ELISA kit was used

for assaying apoptosis according to the manufac-
turer’s instruction. Briefly, 4×103 cells (transfect-
ed with CD24 siRNA and control siRNA for 24
hs) per well were plated onto a 96-well microtiter
plate in culture medium. Cells were exposed to
different concentrations of tamoxifen for 72 h.
After treatment, the samples was lysed and then
overlaid and incubated in microtiter plate mod-
ules coated with antihistone antibody. Then, sam-
ples were cultured with anti-DNA peroxidase fol-

Figure 1. The effect of siRNA transfection on CD24 and ER
expression by western blot assay. β-actin served as a loading
control.



lowed by color development with ABTS sub-
strate. The optical densities of the samples were
detected using Ultra Multifunctional Microplate
Reader (Tecam, Durham, NC, USA) at 405 nm.

TUNEL detection
Terminal deoxynucleotide transferase labeled

free DNA 3’ ends with fluorescein-conjugated
dUTP was used by the In Situ Cell Death Detec-
tion kit (Roche Diagnostics, Guangzhou, Chi-
na). Cytospin preparations were fixed and la-
beled according to the manufacturer’s instruc-
tion. Four independent ×100 fields containing a
minimum of 300 cells on each of two replicate
slides were determined for nuclear labeling by
fluorescence microscopy for each treatment or
condition.

Cell Invasive Assays
48 hs after CD24 siRNA or control siRNA

transfection, MCF-7 cells were collected, resus-
pended in culture medium, and incubated in a
chemoinvasion chamber kit containing polycar-
bonate filter coated with Matrigel (BD Bio-
sciences, Bedford, MA, USA) for 5 h. The inva-
sive capability of cells was measured as per Ven-
dor’s protocol. Cells were counted under a mi-
croscope in five predetermined fields at a magni-
fication of ×200.

Wound-Healing Assay
Cells were cultured in standard conditions.

Until 90-100% confluence, the migration poten-
cy was detected using scratch wound healing as-
say as reported previously25. Briefly, the
scratched plates were photographed at the center
of the wells. The scratched cells were stained un-
der standard conditions for 24 hs. Plates were
washed once again, and then the plates were pho-
tographed at the same sites of the wells using the
same magnification. The cells migrating into the
scratched area from the wound edge per picture
were counted. The impact of CD24 siRNA on
cell migration potency was determined by com-
paring the mean of migration width with control
siRNA.

Statistical Analysis
Statistical analyses were carried out by using

Windows (version 11.0). Data presented are
means of the three or more independent experi-
ments ± SE. Statistically significant differences
were determined by X2 and Student’s t-test. p val-
ues <0.05 were considered significant.
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Results

Effect of siRNA on CD24 and ER
Expression in MCF-7 Cells

As showed by western blot analysis, MCF-7
cells transfected with CD24 siRNA displayed a
significant reduction in the expression levels of
CD24 protein (Figure. 1). Control siRNA did not
exhibit any effect on protein levels of CD24 and
ER (Figure. 1). These data confirmed the sup-
pression effect of siRNA. Furthermore, CD24 did
not have any effect on ER expression.

Effect of TAM on CD24 and ER
Expression in MCF-7 Cells

MCF-7 cells were treated with TAM (0.01-1
µM) for 72 h, CD24 and ER was assessed by
western blot analysis. As showed in Figure 2,
treatment with TAM (0.01-1 µM) did not have
any effect on CD24 and ER expression.

Effects of CD24 Inhibition on MCF-7
Cell Growth and Apoptosis

To study the anti-proliferative effect of CD24
inhibition, CD24 inhibited MCF-7 cells and con-
trol cells were digested and counted at 96 h after
siRNA transfection. Compared with control cells,
significant growth inhibition was showed in
CD24-inhibited MCF-7 cells. As shown in Figure
3A, the number of CD24-inhibited MCF-7 cells
was less than 55% of control at 96 h after CD24
siRNA transfection.

As inhibition of cell growth could be the con-
sequence either of apoptosis, ELISA and TUNEL
assay was then performed. There was no signifi-
cant change of apoptosis in control siRNA trans-
fected MCF-7 cells by ELISA (Figure 3B) and
TUNEL (Figure 3C) detection. However, apop-
totic cells were significantly increased in CD24
siRNA transfected MCF-7 cells by ELISA (Fig-
ure 3B) and TUNEL (Figure 3C) detection.

CD24 Sliencing Potentiates TAM Induced
Cytotoxicity

We studied the combination effect of CD24
siRNA with TAM on apoptosis induction. MCF-
7 cells were transfected with CD24 siRNA or
control siRNA for 48 hs, then treated with TAM
for 72 h after siRNA transfection before ELISA
and TUNEL assay. As shown in Figure 3E and F,
dramatic increase of apoptosis showed in MCF-7
cells treated with TAM in combination with
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CD24 siRNA compared with cells treated with
TAM in combination with control siRNA. Fur-
thermore, MCF-7 cells treated with TAM in com-
bination with CD24 siRNA showed a marked
growth inhibition relative to control siRNA trans-
fectants as determined by MTT assay (Figure
3D). These results indicate that CD24 inhibition
resulted in MCF-7 cell growth suppression and
increased apoptosis, and further, enhanced cell
sensitivity to TAM.

CD24 Sliencing Suppresses cell Migration
and Invasion

CD24-inhibited MCF-7 cells and the control
MCF-7 cells were subjected to scratch wounding.
A significant wound closure inhibition was ob-
served in the CD24 inhibited cells (Figure 4A),
although the control MCF-7 cells migrate rapidly
into the wound area to result in almost complete
wound closure within 24 h (Figure 4A).

Since the wound healing model is an integrat-
ed process of cell migration and proliferation, we
then performed the chemoinvasion assay to fur-
ther determine the cell migration ability.
Chemoinvasion assay was also performed at 48 h
after siRNA transfection. Compared with control
cells, these CD24 inhibited cells displayed a
marked decrease in number of invasive cells (Fig.
4B). Taken together, inhibition of CD24 would
decrease cell migration and invasion.

Discussion

CD24 is a very novel gene, and overexpressed
in various human malignancies, and was shown
to increase tumor invasion26. Most studies so far
focuses on its role in cancer progression. Howev-
er, its expression is not limited to tumor cells and
was shown to be expressed in many cell types,
including breast cancer cells13.

Gene silencing by RNA interference has be as a
powerful method that is useful for the investigation
of functional genomics. In the present study, we
successfully transfected siRNA targeting CD24
gene into human breast cancer cell line MCF-7.
CD24 expression was effectively suppressed by
CD24 siRNA transfection. Previously, it has been
found that CD24 sliencing reduced tumour cell pro-
liferation in the models of colorectal and pancreatic
cancers27. So CD24 represents a promising novel
therapeutic target to inhibit tumour cell growth.

We, then, examined the effect of CD24 inhibi-
tion on the proliferation and apoptosis of MCF-7
cells. The proliferation potential of MCF-7/siR-
NA cells was inhibited compared with that of the
MCF-7 / control siRNA cells. Furthermore,
apoptotic cells were significantly increased in the
MCF-7/siRNA cells compared with that of the
MCF-7 / control siRNA cells.

CD24 overexpression could enhance cancer
cells invading through vessel walls by increasing

Figure 3. Effects of CD24 siRNA alone or in combination with TAM on cell growth and apoptosis in MCF-7 cells. CD24-inhib-
ited MCF-7 cells and the control MCF-7 cells were seeded in 24-well plates at a density of 1 × 104 viable cells per well and were
cultured in growth chamber for 96 hs. A, Survival rate of MCF-7 cells exposed to CD24 siRNA alone for 96 h was detected by
MTT. B, Apoptosis rate of MCF-7 cells exposed to CD24 siRNA alone for 96 h was detected by ELISA; C, Apoptosis rate of
MCF-7 cells exposed to CD24 siRNA alone for 96 h was detected by TUNEL. D, Survival rate of MCF-7 cells exposed to CD24
siRNA alone for 48 hs and were then exposed to TAM for an additional 72 h for MTT assay. E, Apoptosis rate of MCF-7 cells ex-
posed to CD24 siRNA alone for 48 hs and were then exposed to TAM for an additional 72 h for ELISA assay. F, Apoptosis rate of
MCF-7 cells exposed to CD24 siRNA alone for 48 hs and were then exposed to TAM for an additional 72 h for TUNEL assay.
Data shown (mean ± SD) here is from three independent tests.
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cells. Therefore, we wished to evaluate whether
TAM treatment could affect CD24 and ER ex-
pression in the MCF-7 cells. MCF-7 cells were
treated with TAM (0.01-1 µM) for 72 h, CD24
and ER was assessed by western blot analysis.
The result showed that treatment with TAM
(0.01-1 µM) did not have any effect on CD24
and ER expression. Thus, CD24 did correlate
with sensitivity to TAM. Silencing of CD24 was
effective alone and in combination with TAM in
CD24 positive breast cancer cells.

Conclusions

This report showed that the CD24 silencing by
siRNA inhibited proliferation and invasion, and
promoted apoptosis of human breast cancer cell
line MCF-7 in vitro and increased its sensitivity
to the anti-tumor drug TAM. Our results suggest-
ed that CD24 might be a promising target for
breast cancer treatment.
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