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Combination of targeting CD24 and inhibiting
autophagy suppresses the proliferation and enhances
the apoptosis of colorectal cancer cells
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Abstract. CD24 can regulate angiogenesis, drug sensitivity
and the progression of colorectal cancer (CRC). However,
whether CD24 regulates autophagy and apoptosis in CRC
cells remains to be fully elucidated. The present study inves-
tigated the functional role of the altered expression of CD24
in the autophagy and apoptosis of HCT116 and HT29 human
CRC cells. The results revealed lower expression levels
of CD24 in HCT116 cells but higher levels in HT29 cells.
Inducing the overexpression or the knockdown of CD24 did
not affect the viability or spontaneous apoptosis of HCT116
and HT29 cells, respectively. Induction of the overexpression
of CD24 significantly decreased the relative expression levels
of Beclin-1, autophagy-related (Atg)3 and Atg5, and the
numbers of microtubule-associated protein-1 light chain-3
(LC3)-positive puncta, but increased the expression of p62
in HCT116 cells. By contrast, CD24 silencing increased the
expression of Beclin-1, Atg3 and Atg5, and the numbers
of LC3-positive puncta, but decreased the expression of
p62 in HT29 cells. Treatment with 3-methyladenine, or the
knockdown of Atg5 by specific small interfering RNA to
attenuate autophagy significantly enhanced the viability of
CD24-overexpressing HCT116 cells, but reduced the viability
of CD24-silenced HT29 cells, relative to their controls.
As a result, the attenuation of autophagy significantly
decreased the frequency of apoptotic CD24-overexpressing
HCT116 cells, but increased the percentages of apoptotic
CD24-silenced HT29 cells. The overexpression of CD24
promoted the activation of nuclear factor (NF)-xBp65,
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whereas CD24 silencing attenuated its activation in CRC
cells. Inhibition of the activation of NF-xB enhanced the
CD24 overexpression-induced decrease in autophagy, but
attenuated the CD24 silencing-induced increase in autophagy
in CRC cells. Therefore, CD24 inhibited the autophagy
of CRC cells, and the combination of targeting CD24 and
inhibiting autophagy promoted the apoptosis of CRC cells.
Conceivably, these findings may aid in the design of novel
therapies for the intervention of CRC.

Introduction

Colorectal cancer (CRC) is one of the most common types
of malignancy with a high mortality rate in the world (1,2).
Although conventional anticancer therapies, including surgery,
chemotherapy and radiotherapy, have improved, the long-term
survival rate of patients with CRC treated with conventional
therapies remains low. Substantial efforts have made in terms
of targeted therapies for CRC (3-5). However, there is limited
information on valuable therapeutic targets for CRC interven-
tion. Therefore, the identification of novel therapeutic targets
for the development of therapies is of significance in the
management of patients with CRC.

CD24 is a small, heavily-glycosylated, mucin-like
glycosylphosphatidylinositol-anchored surface protein (6).
It contains a small protein core of only 27 amino acids with
varying levels of potential O- and N-linked glycosylation,
which leads to a molecular weight range between 38 and
70 kDa (6). Its expression is upregulated in CRC (7-10).
Previous studies have shown that upregulated expression of
CD24 is associated with the promotion of angiogenesis and
lymph node metastasis, and poor prognosis in CRC (11-13).
Studies have also indicated that targeting CD24 can mark-
edly inhibit the growth of CRC (14,15), and that CD24 may
be a valuable therapeutic target for CRC intervention (7). By
contrast, another study revealed that the inhibitory efficacy
of targeting CD24 in inhibiting human HCT116 and HT29
CRC cell growth was limited (16). Currently, the mechanism
underlying the effect of targeting CD24 on the growth of CRC
has not been clarified.
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Autophagy is a dynamic process involving the intracel-
lular degradation and recycling of cellular components to
eliminate non-essential proteins and damaged organelles
for the maintenance of cellular homeostasis (15,17-22).
During the process of autophagy, initiators stimulate the
expression of autophagy-related genes, including Beclin-1,
autophagy-related 3 (Atg3), autophagy-related 5 (Atg5) and
microtubule-associated protein-1 light chain-3 (LC3), to
form autophagosomes, which migrate and fuse with lyso-
somes to degrade the carried intracellular cargos (17,23).
Simultaneously, LC3 on the outside of the vesicles is
cleaved into LC3A and LC3B, and this dynamic process
of autophagic flux modulates the expression of sequesto-
some-1/p62 (24,25). Previous studies have shown that Atg5
is a key independent factor involved in autophagy and
apoptosis (20,26). Accordingly, Atg5 was selected here as
the key and representative gene to investigate the crosstalk
of autophagy and apoptosis. Simultaneously, the expression
of Beclinl, also known as Atg6 (20), was also detected in
the present study. The inhibition of autophagy by 3-meth-
yladenine (3-MA) can suppress the activity of PI3-kinase
and the formation of autophagosomes and autophagic vacu-
oles (25,27). Autophagy is associated physiologically with
supporting cell survival, and aberrant autophagy can induce
its apoptosis. However, although targeting CD24 or inhibiting
autophagy has shown potential in anticancer therapy in recent
years (7,14,15,26,28,29), whether CD24 modulates the process
of autophagy and how the combination of targeting CD24
and inhibiting autophagy affects the survival and apoptosis
of human CRC cells remains unclear. Elucidating the role of
CD24 in the crosstalk of autophagy and apoptosis may aid in
designing CD24-based therapies for CRC.

Transcription factors in the nuclear factor (NF)-«xB family
can regulate the expression of a broad range of genes involved
in the development, proliferation, survival, differentiation
and senescence of cancer cells (14,30-33). The NF-kB family
consists of heterodimers of five members, including Rel A (p65),
c-Rel, RelB, NF-kB1 (p50 and its precursor pl05) and NF-kB2
(p52 and its precursor pl00) (34). In physiological conditions,
NF-«B is sequestered in the cytoplasm by interacting with the
specific inhibitory factor, inhibitor of NF-kBa (IkBa). IkBa
can be phosphorylated by the IkB kinases (IKKs), leading to
the phosphorylation of NF-kB (35-39). The activated NF-kB
is translocated to the nucleus and regulates the transcription
of its target genes (34,40). In our previous study, it was shown
that CD24 can interact with heat shock protein 90 to regu-
late the stability and degradation of CD24 in CRC cells (41).
Another study demonstrated that heat shock activates NF-kB
signaling, which enhances autophagy and cell survival (42).
In addition, the expression of CD24 potentiates DNA damage
reagent-induced apoptosis by suppressing NF-«kB signaling in
CD44* breast cancer cells (43). Other studies have indicated
that autophagy is regulated by the IKK complex or NF-kB
signaling (44-48). By contrast, autophagy can regulate the
activation of NF-«B signaling (49). Therefore, the association
between autophagy and NF-«kB signaling is of interest and
has not been fully clarified, particularly in CRC cells (50). In
addition, whether autophagy modulated by CD24 can be regu-
lated by NF-kB signaling in CRC remains to be elucidated.
Accordingly, the present study investigated whether NF-kB
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signaling was involved in the crosstalk between autophagy
and apoptosis modulated by CD24.

The present study investigated the effect of altered expres-
sion of CD24 on the autophagy of human HCT116 and HT29
CRC cells, which express low and high levels of CD24,
respectively, in our preliminary experiments. Furthermore,
the consequences of targeting CD24 and inhibiting autophagy
on cell survival and apoptosis were determined in vitro. The
resulting data indicated that there were varying expression
levels of CD24 in human CRC cells and that CD24 appeared
to inhibit autophagy in CRC cells. The combination of
targeting CD24 and inhibiting autophagy promoted the apop-
tosis of human CRC cells. Autophagy modulated by CD24
was partially regulated by NF-xB signaling. In conclusion,
the present study is the first, to the best of our knowledge, to
demonstrate the association between autophagy and CD24,
and describe the mechanisms underlying resistance to CD24
targeted therapy. These findings may provide insights into
the regulation of CD24 on autophagy and aid in the design of
novel therapies for CRC intervention.

Materials and methods

Specific reagents. Bayl1-7082, cell counting kit-8 (CCK-8)
and Hoechst 33342 were purchased from Beyotime Institute
of Biotechnology (Guangzhou, China). Antibodies against
GAPDH (cat. no. TA-08) and B-actin (cat. no. TA-09) were
purchased from ZSGB-BIO; OriGene Technologies, Inc.
(Beijing, China). Antibodies against p62 (cat.no.5114), Beclin-1
(cat. no. 4445), LC3A (cat. no. 4445), LC3B (cat. no. 4445),
Atg5 (cat. no. 4445), Atg3 (cat. no. 4445), cleaved caspase-3
(cat. no. 9664), cleaved poly (ADP-ribose) polymerase (PARP;
cat. no. 5625), IxkBa (cat. no. 4812), NF-kBp65 (cat. no. §242)
and phosphorylated NF-kBp65 (cat. no. 3033) were purchased
from Cell Signaling Technology, Inc. (New York, NY, USA).
Antibody against CD24 was provided by Professor Peter
Altevogt (German Cancer Research Center, Germany).

Cell culture and transfection. Human HCT116 and HT29 CRC
cells were obtained from American Type Culture Collection
(Manassas, VA, USA) and were cultured in RPMI-1640 supple-
mented with 10% fetal bovine serum (FBS) (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in a humidified
atmosphere of 5% CO, at 37°C. The HCT116 cells were
transiently transfected with the control plasmid or a plasmid
for the overexpression of CD24, as described previously (51),
using Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.), to generate control (CD24VEC:HCT116) and
CD24-overexpressing (CD240E:HCT116) cells, respectively.
The HT29 cells were transiently transfected with the control
plasmid for scramble short hairpin (sh)RNA (5'-UUCUCC
GAACGUGUCACGUTT-3") or the plasmid for CD24-specific
shRNA (5'-UCUCUCUUCUGCAUCUUUAJTAT-3") using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,Inc.)
to generate control (CD24NC:HT29) and CD24-knockdown
(CD24KD:HT29) cells, respectively. Subsequently, both
types of transfected cells were transiently transfected with
control small interfering (si)RNA (5'-UUCUCCGAACGU
GUCACGUTT-3") or Atg5-specific siRNA (5'-GUCCAU
CUAAGGAUGCAAUTT-3") using Lipofectamine 2000
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(Invitrogen; Thermo Fisher Scientific, Inc.), to generate
CD240E + Atg5KD:HCT116, CD24VEC + Atg5SKD:HCT116,
CD24NC + AtgSKD:HT29 and CD24KD + AtgSKD:HT29
cells, respectively. After 2 days, the cells were harvested
for western blotting, cell viability analysis, Hoechst 33258
staining and LC3 staining.

Extraction of cytoplasmic and nuclear proteins. The cyto-
plasmic and nuclear proteins were extracted from cells using
nuclear and cytoplasmic extraction reagents (Beyotime
Institute of Biotechnology), respectively, according to
the manufacturer's protocols. The protein concentrations were
determined using a BCA Protein Assay kit (Beyotime Institute
of Biotechnology).

Western blot analysis. The harvested cells were lysed
at 0°C for 30 min in radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology) containing protease
inhibitors and centrifuged at 4°C and 14,000 x g for 20 min.
Following the determination of protein concentrations using
the BCA assay, the cell lysate samples (20-30 ug/lane) were
separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis on 8-15% gels, and transferred onto polyvi-
nyldifluoride membranes. The membranes were blocked with
5% non-fat dry milk in Tris-buffered saline-Tween 20, and
the proteins were probed with primary antibodies against
p62 (1:1,000), Beclinl (1:3,000), LC3A (1:2,000), LC3B
(1:2,000), Atg5 (1:1,000), Atg3 (1:1,000), cleaved caspase-3
(1:3,000) and cleaved PARP (1:1,000) (Cell Signaling
Technology, Inc.), CD24 (1:500) (German Cancer Research
Center), GAPDH (1:2,000) and B-actin (1:500) (ZSGB-BIO;
OriGene Technologies, Inc.) overnight at 4°C. After being
washed, the bound antibodies were detected with horse-
radish peroxidase-conjugated secondary antibodies (1:2,000;
cat. no. ZB-2301 or cat. no. ZB2305, ZSGB-BIO; OriGene
Technologies, Inc.) at room temperature for 1 h and visual-
ized using enhanced chemiluminescent reagents (Gibco;
Thermo Fisher Scientific, Inc.).

Expression of EGFP-LC3. The HCT116 and HT29 cells
were cultured in 12-well plates and co-transfected with the
p-EGFP-LC3B plasmid for the expression of EGFP-LC3B
(cat. no. 11546, Addgene, Inc., Watertown, MA, USA) and
either the CD24-overexpression plasmid or control plasmid.
The HT?29 cells were co-transfected with the p-EGFP-LC3B
plasmid and CD24-specific siRNA or control siRNA. After
2 days, the cells were examined under a fluorescent micro-
scope and images were captured.

Cell proliferation assay. Cell proliferation was measured using
CCK-8 (Beyotime Institute of Biotechnology). Briefly, individual
groups of cells (1x10*/well) were pre-treated with, or without,
3-MA (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) in
six replicates in 96-well plates for 24 h, and cultured at 37°C
for 48 and 72 h. During the last 3 h of culture, the cells were
exposed to 10% CCK-8 and the absorbance of individual wells
was measured at 450 nm using a microplate reader.

Hoechst 33258 staining. Cell apoptosis was examined by
Hoechst 33258 staining (Beyotime Institute of Biotechnology).
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The different groups of HCT116 and HT29 cells were
pretreated with, or without, 3-MA for 24 h and cultured on
glass coverslips in culture dishes for 24 h. The cells were fixed
in 4.0% paraformaldehyde, and stained with Hoechst 33258.
The cells were examined under a fluorescence microscope
or laser confocal microscope. The numbers of cells with
nuclear condensation and fragmentation in 200 cells selected
randomly from each group were calculated.

Inhibition of autophagy and NF-xB signaling. The
CD240E:HCT116, CD24VEC:HCT116, CD24NC:HT29 and
CD24KD:HT29 cells were treated with vehicle (DMSO) or
5 uM Bayl1-7082, an inhibitor of NF-kB signaling for 24 h.
The relative levels of NF-kBp65 phosphorylation, and expres-
sion of Beclin-1, Atg5 and LC3B were determined by western
blot analysis. The punctate cells in individual groups were
examined by immunofluorescence.

Statistical analysis. All experiments were repeated at least
three times. Data are expressed as the mean + SD. Statistical
analysis was performed using SPSS 13.0 for windows (SPSS,
Inc., Chicago, IL, USA). Differences between groups were
analyzed using (two-tailed) Student's t-test, whereas differ-
ences among groups were analyzed by one-way ANOVA
multiple comparison and the Bonferroni post hoc test. P<0.05
was considered to indicate a statistically significant difference.

Results

CD24 does not alter the proliferation or apoptosis of HCT116
or HT29 CRC cells. The preliminary findings revealed lower
expression levels of CD24 in HCT116 cells and higher levels
in HT?29 cells. Accordingly, the effect of altered expression of
CD24 on -proliferation and apoptosis in HCT116 and HT29
cells was examined by inducing the overexpression of CD24 in
HCT116 cells and silencing CD24 in HT?29 cells, respectively
(Fig. 1A). Subsequently, the impact of the altered expression of
CD24 on cell proliferation and apoptosis was determined using
a CCK-8 assay and Hoechst 33258 staining. It was found that
neither the overexpression or silencing of CD24 significantly
altered the viability of HCT116 and HT29 cells following
culture for 48 and 72 h (Fig. 1B). Similarly, the altered expres-
sion of CD24 did not change the frequency of spontaneous
apoptosis of HCT116 and HT29 cells (Fig. 1C). Western blot
analysis revealed that there were similar levels of cleaved
PARP and caspase-3 among the groups of cells, regardless of
the overexpression and silencing of CD24 (Fig. 1A). Therefore,
the altered expression of CD24 did not significantly affect the
proliferation or spontaneous apoptosis of the CRC cells.

CD24 inhibits autophagy in CRC cells. The impact of
altered expression of CD24 on the autophagy of CRC cells
was then assessed. It was found that induction of the over-
expression of CD24 decreased the relative expression levels
of Beclin-1, Atg3, Atg5, LC3A and LC3B in HCT116 cells,
and CD24 silencing increased the relative expression levels
of Beclin-1, Atg3, Atg5, LC3A and LC3B in HT29 cells
(Fig. 2A and B). Compared with the control, increased expres-
sion levels of p62 were detected in the CD24-overexpressing
CD240OE:HCT116 cells, whereas decreased levels were
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Figure 1. Altered expression of CD24 does not alter the viability or spontaneous apoptosis of CRC cells. HCT116 and HT29 CRC cells were transfected with
the control plasmid (CD24VEC, CD24NC) or the CD240E plasmid or CD24-specific short hairpin RNA (CD24KD). (A) Western blot analysis of the expres-
sion of CD24 to demonstrate overexpression of CD24 in HCT116 cells and CD24-silencing in HT29 cells. Western blotting was performed for analysis of the
relative levels of c-caspase-3 and c-PARP in individual groups of CRC cells. (B) Impact of altered expression of CD24 on cell viability was determined using
cell counting kit-8 assays. (C) Percentages of apoptotic cells were determined by Hoechst 33258 staining and quantitatively analyzed. Data are representative
images (magnification, x200) or are expressed as the mean + SD of each group of cells from three separate experiments. CRC, colorectal cancer; VEC, vector
control; NC, negative control; OE, overexpression; KD, knockdown; PARP, poly(ADP-ribose) polymerase; c-, cleaved.

observed in the CD24-knockdown CD24KD:HT29 cells at
24-72 h post-culture (Fig. 2C). The different groups of cells
were also transfected with the p-EGFP-LC3B plasmid to
monitor the process of autophagy. The punctuated expression
of LC3 was significantly decreased in the CD240OE:HCT116
cells, but increased in the CD24KD:HT?29 cells (P<0.01 for
both, Fig. 2D and E). These data indicated that CD24 inhibited
autophagy and autophagic flux in CRC cells.

Inhibition of autophagy by 3-MA modulates the apoptosis of
CRC cells. The present study also examined the association
between the inhibition of autophagy and expression of CD24
in CRC cell apoptosis. First, treatment with 3-MA signifi-
cantly reduced the relative expression levels of Beclin-1 and
Atg5 in the HCT116 and HT29 cells, regardless of the overex-
pression and knockdown of CD24, relative to the levels in the
untreated cells (Fig. 3A). Furthermore, treatment with 3-MA
did not change the viability of control CD24VEC:HCT116 and
CD24NC:HT?29 cells (Fig. 3B). By contrast, treatment with
the same dose of 3-MA significantly enhanced the viability
of the CD240OE:HCT116 cells, but reduced the viability of
the CD24KD:HT?29 cells (P<0.01 for CD240E:HCT116 cells,
P<0.05 for CD24KD:HT29 cells, Fig. 3B), relative to their

corresponding controls. Compared with that of the untreated
control cells, treatment with 3-MA significantly decreased the
frequency of apoptotic CD240OE:HCT116 cells and increased
the percentages of apoptotic CD24KD:HT29 cells (P<0.01
for both), although treatment with 3-MA did not alter the
frequency of apoptotic cells in the control CD24VEC:HCT116
and CD24NC:HT?29 groups (Fig. 3C and D). Evidently, treat-
ment with 3-MA reduced the relative expression levels of
cleaved PARP and caspase-3 in CD240E:HCT116 cells and
enhanced their levels in CD24KD:HT?29 cells, compared with
those in the untreated control cells (Fig. 3A). Therefore, the
inhibition of autophagy modulated the apoptosis of CRC cells.

Knockdown of Atg5 promotes the apoptosis of CD24KD:HT29
cells. To obtain additional evidence for the inhibition of
autophagy modulating CRC apoptosis, the HCT116 and
HT?29 cells were transfected AtgS-specific or control siRNA
(Atg5NC). It was found that transfection with Atg5-specific
siRNA markedly reduced the relative expression levels of
Atg5 in the HCT116 and HT29 cells, demonstrating the effi-
cacy of Atg5 silencing (Fig. 4A). Compared with the AtgSNC
controls, Atg5 silencing also decreased the relative expression
levels of Beclin-1, cleaved PARP and cleaved caspase-3 in
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Figure 2. Altered expression of CD24 modulates autophagy in CRC cells. (A) Western blot analysis of the relative levels of Beclin-1, Atg5 and Atg3 in indi-
vidual groups of cells. (B) Western blot analysis of the expression of LC3A and LC3B in individual groups of cells. (C) Western blot analysis of the dynamic
changes in the relative expression levels of p62 in CD240E:HCT116 and CD24KD:HT?29 cells. (D) Immunofluorescent analysis of punctate LC3B expression
in CRC cells. (E) Quantitative analysis of punctate cells. Data are representative images (magnification, x200) or are expressed as the mean + SD of each group
of cells from three separate experiments. ““P<0.01 vs. control. CRC, colorectal cancer; VEC, vector control; NC, negative control; OE, overexpression; KD,
knockdown; LC3, microtubule-associated protein-1 light chain-3; Atg3, autophagy-related 3; Atg5, autophagy-related 5; 3-MA, 3-methyladenine.
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Figure 3. Inhibition of autophagy by 3-MA promotes apoptosis of CRC cells. CD24VEC:HCT116, CD240E:HCT116, CD24NC:HT29 and CD24KD:HT29
cells were treated with, or without, 3-MA for 24 h. (A) Western blot analysis of the relative expression levels of Beclin-1, Atg5, c-PARP and c-caspase-3 in
individual groups of cells. (B) Cell counting kit-8 examination of cell viability. (C) Hoechst 33258 staining for the detection of apoptotic cells. (D) Quantitative
analysis of apoptotic cells. Data are representative images (magnification, x200) or are expressed as the mean + SD of each group of cells from three separate
experiments. "P<0.05 and “"P<0.01 vs. corresponding control cells. CRC, colorectal cancer; VEC, vector control; NC, negative control; OE, overexpression;
KD, knockdown; 3-MA, 3-methyladenine; PARP, poly(ADP-ribose) polymerase; c-, cleaved; Atg, autophagy-related 5.
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Figure 4. Inhibition of autophagy by Atg5 silencing modulates the altered expression of CD24-regulated cell viability and apoptosis in colorectal cancer cells.
(A) HCT116 and HT29 cells were transfected Atg-specific siRNA or control siRNA and the relative expression levels of Atg5 were determined by a western
blot assay. (B) CD24VEC:HCT116, CD240OE:HCT116, CD24NC:HT29 and CD24KD:HT?29 cells were transfected Atg5-specific siRNA or control siRNA and
the relative expression levels of Beclin-1, Atg5, cleaved PARP and cleaved caspase-3 were determined by western blot analysis. (C) Viabilities of individual
groups of cells were determined using cell counting kit-8 assays. (D) Apoptotic cells were examined by Hoechst 33258 staining. (E) Quantitative analysis of
apoptotic cells. Data are representative images (magnification, x200) or are expressed as the mean + SD of each group of cells from three separate experi-
ments. "P<0.05 and “P<0.01 vs. corresponding control cells. VEC, vector control; NC, negative control; OE, overexpression; KD, knockdown; siRNA, small
interfering RNA; PARP, poly (ADP-ribose) polymerase; c-, cleaved; Atg, autophagy-related 5.

the CD240E:HCT116 cells, but increased their expression in
CD24KD:HT?29 cells (Fig. 4B). Functionally, Atg5 silencing
significantly increased the viability of CD240OE:HCT116 cells
and decreased the viability of CD24KD:HT29 cells (P<0.05
for CD240OE:HCT116 cells, P<0.01 for CD24KD:HT29
cells, Fig. 4C). Atg5 silencing significantly decreased the
percentage of apoptotic CD240E:HCT116 cells and increased
the frequency of apoptotic CD24KD:HT?29 cells (P<0.01 for
both, Fig. 4D and E). Therefore, the inhibition of autophagy
modulated the apoptosis of CRC cells in vitro.

Autophagy inhibited by CD24 is partly regulated by NF-xB
signaling. Increasing evidence suggests that NF-«xB signaling
positively regulates the process of autophagy (30,42,48,52).
Finally, the present study investigated the effect of the
NF-«B signaling inhibitor on the CD24-induced reduction
of autophagy. First, inducting the overexpression of CD24
marginally increased the phosphorylation of NF-kBp65
and decreased the expression of IxBa in HCT116 cells,
whereas CD24 silencing decreased the phosphorylation of
NF-kBp65 and increased the expression of IkBa in HT29
cells (Fig. 5A). Compared with the control, treatment with

Bayl1-7082 marginally increased the phosphorylation of
NF-kBp65, but did not alter the relative expression levels
of Beclin-1, Atg5 or LC3B in the CD240OE:HCT116 cells
(Fig. 5B). Furthermore, treatment with Bay11-7082 signifi-
cantly reduced the frequency of LC3 punctate cells in the
HCT116 cells, but enhanced their frequency in HT29 cells,
regardless of the altered expression of CD24 (P<0.01 for all,
Fig. 5C and D). Therefore, autophagy regulated by the altered
expression of CD24 was partially modulated by activating
NF-«B signaling in CRC cells.

Discussion

The upregulated expression of CD24 is inversely associated
with the poor outcomes for patients with CRC (10-13,53),
and CD24 has been considered as a valuable target for
the treatment of CRC (7,8,15,51). Targeting CD24 using
anti-CD24 antibody or siRNA can inhibit the growth
of CD24-expressing CRC cells, and the combination of
anti-CD24 and chemotherapy markedly reduces the growth
of CRC (15,53). However, how CD24 affects the growth of
CRC remains controversial. In the present study, varying
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levels of CD24 were found in human CRC cells, and altering
the expression of CD24 by inducing its overexpression or
silencing did not alter viability or spontaneous apoptosis in
HCT116 and HT29 cells. Such data were consistent with a
previous observation (16), but were in disagreement with
another study (51). These findings suggest that CRC with
different expression levels of CD24 may have varying sensi-
tivity to anti-CD24 therapy.

Autophagy is crucial for cell survival and apoptosis,
including cancer cells (17,18), and aberrant autophagy can
lead to the apoptosis of cancer cells (21,54,55). The induc-
tion of autophagy can promote drug resistance and cancer
cell survival (26,56,57), while the inhibition of autophagy
sensitizes cancer cells to anticancer therapies (26,58-60).
Accordingly, inhibiting autophagy may be a promising
strategy to improve the efficacy of conventional anticancer
chemotherapies (28,29). In the present study, it was found
that CD24 inhibited autophagy in human CRC cells.
Evidentially, induction of the overexpression of CD24
decreased the levels of autophagy in HCT116 cells, whereas
CD24 silencing increased autophagy in HT29 cells. Of

note, although inhibiting autophagy by 3-MA treatment did
not alter the spontaneous apoptosis of wild-type HCT116
or HT29 cells, the same treatment significantly decreased
CD24-overexpressing HCT116 cell apoptosis, but increased
CD24-silenced HT29 cell apoptosis. Similar patterns of cell
survival and apoptosis were observed among different groups
of HCT116 and HT29 cells following Atg5 silencing. Such
findings indicated that the combination of targeting CD24
and inhibiting autophagy effectively triggered the apoptosis
of CRC cells with a low expression of CD24, but not those
with a high expression of CD24. Therefore, these novel find-
ings may provide insights into the regulation of CD24 in
autophagy in CRC and assist in the design of novel therapies
for CRC intervention.

The present study also examined the underlying mecha-
nisms of the CD24-induced reduction of autophagy. CD24
silencing reduced the activation of NF-«B signaling, whereas
the inhibition the NF-«kB activation inhibited autophagy,
indicating that the CD24-induced reduction of autophagy
was at least partly regulated by NF-«xB signaling. Therefore,
the CD24-induced reduction of autophagy may inhibit the
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activation of NF-«xB signaling in CRC cells. Thus, enhanced
autophagy may be a potential way of overcoming the resis-
tance of CRC cells to chemotherapy, and targeting CD24 may
involve the activation of NF-«kB signaling.

The association between the regulation of autophagy
and NF-«B signaling appears complex. NF-xB has emerged
as a negative mediator of tumor necrosis factor-a-induced
autophagy (48). By contrast, NF-kB is positively regulated by
inhibition of TSC2/mammalian target of rapamycin activity, a
key inhibitor of autophagy (61). In addition, the NF-kB family
member p65/RelA can upregulate the expression of Beclin-1
in different types of cell, and the inhibition of NF-kBp65
signaling reduces the expression of Beclin-1, suggesting that
the regulation of autophagy requires NF-xB activation (62).
These findings support our hypothesis that CD24-mediated
autophagy may require the activation of NF-kB signaling and
our data confirmed that the inhibition of NF-kB signaling
attenuated CD24 silencing-induced autophagy in CRC cells.
Accordingly, it is possible that the activation or inactivation
of NF-«B signaling regulates autophagy, dependent on the
cell genetic background, cell context or experimental condi-
tions. However, whether the interactions of altered expression
of CD24, NF-«B activation and autophagy are regulated by
the NF-kBp65-induced expression of Beclin-1 in CRC cells
remains to be elucidated. Further investigations are required
to determine how the altered expression of CD24 regulates
NF-«B signaling during the development and progression of
CRC.

In conclusion, the data obtained in the present study
indicated the presence of varying levels of CD24 in different
human CRC cells and that altered expression of CD24 failed

to alter the viability or spontaneous apoptosis of CRC cells.
Furthermore, CD24 inhibited autophagy in CRC cells and
the combination of targeting CD24 and inhibiting autophagy
effectively triggered the apoptosis of CRC cells, particularly
in cells with low expression levels of CD24. In addition, the
overexpression of CD24 increased NF-xBp65 activation,
which was decreased following CD24 silencing, in CRC cells.
The inhibition of NF-«B activation enhanced autophagy
in HCT116:CD240E cells, whereas the same treatment led
to reduced autophagy in HT29:CD24KD cells. These data
suggest that autophagy regulated by the altered expression
of CD24 may be partially regulated by activating NF-xBp65
signaling in CRC cells (Fig. 6). These novel findings may
provide further explanation as to why targeting CD24 thera-
pies are unsatisfactory in certain patients with CRC, and may
assist in the design of novel therapeutic strategies for CRC
intervention. The present study had limitations, including
all mechanistic findings being from in vitro cellular experi-
ments. Further investigations are warranted on the molecular
mechanisms underlying the therapeutic effect of combined
autophagy inhibition and CD24 targeting CRC apoptosis
in vivo.
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