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Cluster of differentiation 47 (CD47) overexpression is common in various malignancies. This study investi-
gated whether CD47 promotes human glioblastoma invasion and, if so, the underlying mechanisms involved.
CD47 expression was found to be stronger in tissues of patients with glioblastoma and in various cancer cell
lines than in normal controls. CD47 downregulation via siRNA suppressed invasion in vitro, whereas CD47
overexpression through plasmid transfection exerted the opposite effect. However, overexpression or knocking
down of CD47 had no effect on cell proliferation. Moreover, CD47 expression was related to Akt phosphoryla-
tion at the cellular molecular level. Suppression of Akt with a specific inhibitor impaired the invasion ability
of CD47-overexpressing cells, indicating that stimulation of the PI3K/Akt pathway served as the downstream
regulator of CD47-triggered invasion. These results suggest that CD47 might be a useful predictor of poor
prognosis and metastasis and a potential target for treating glioblastomas.
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INTRODUCTION

Gliomas are one of the most prevalent malignancies
in the central nervous system (CNS), making up 80%
of the primary tumors of the adult brain'. The clinical
outcome of patients suffering from terminal glioma and
glioblastoma is usually poor, with the median survival
being 8—10 months®. Similar to various other malignan-
cies, glioblastoma is characterized by a noticeably high
proliferation index. Nevertheless, its noticeable invasion
makes it catastrophic and stubborn in terms of treatment,
hindering surgical excision and leading to remarkable
neurological morbidity and mortality”.

As a widely expressed transmembrane glycoprotein
in normal tissues, cluster of differentiation 47 (CD47)
regulates “self/don’t-eat-me” signals in normal cells by
suppressing phagocytosis through the interaction of sig-
nal regulatory protein o (SIRPct) with macrophages®. It
has been previously discovered that CD47 expression
is increased in diverse cancers, including hematologi-
cal cancers such as leukemias’ and lymphomas®, as well
as solid cancers such as breast cancer’, colon carcino-
mas®, and hepatocellular carcinoma’. Previous studies
have also shown that CD47 expression promotes can-
cer cell invasion'’, indicating that this transmembrane

glycoprotein could serve as a target to treat diverse can-
cers''. Nevertheless, the function and expression of CD47
in glioblastomas are still insufficiently understood.

In this study, CD47 expression in various glioblastoma
cell lines and samples was explored in vitro in order to
determine its role in glioblastoma cell invasion and pro-
liferation. The results revealed that involvement of the
PI3K/Akt pathway was necessary for the invasion abil-
ity, which was in agreement with the current understand-
ing about CD47 stimulation of this process. The findings
of this study throw light upon the influence of CD47 in
enhancing glioblastoma invasion.

MATERIALS AND METHODS
Patients and Samples

Normal and glioblastoma brain tissues were acquired
from participants who had received excision surgery
at Linyi Third People’s Hospital (Linyi, PR. China).
The specimens were stored immediately at 80°C. The
histological patterns of glioblastoma were determined
according to World Health Organization classifications,
where every sample was identified with the help of two
pathologists. No radiotherapy, chemotherapy, or adjunc-
tive therapy had been conducted on any participant prior
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to the surgery. Informed consent was acquired from each
participant. The research was approved by the Ethics
Committee of Linyi Third People’s Hospital.

Cell Culture

The glioblastoma cell lines U251, T98G, and U87, as
well as the normal astrocyte cell line HEB were purchased
from the Institute of Biophysics, Chinese Academy of
Sciences (Beijing, P.R. China). Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Shanghai, PR. China),
supplemented with fetal bovine serum (FBS; 10%) and
streptomycin and penicillin (100 U/ml; Gibco, Carlsbad,
CA USA), was applied for the cell cultures, which were
carried out on 10-cm dishes at 37°C under 5% CO,.

Transfection

Lipofectamine 2000 (Invitrogen) was utilized to trans-
fect with pcDNA vectors expressing CD47 (pcDNA3.1-
3xFlag-CD47) and siRNA against CD47. Cells were
allowed to grow for 24 h. Phosphate-buffered saline
(PBS) was used to wash the cells prior to transfection
according to the manufacturer’s protocol.

Real-Time PCR

TRIzol reagent (Life Technologies, Carlsbad, CA, USA)
was used to extract total RNA from the cells. cDNA was
then generated using the TransScript One-Step gDNA
Removal and cDNA Synthesis SuperMix (Transgen Bio-
tech, Beijing, P.R. China). To quantify the CD57 tran-
scripts, real-time quantitative PCR (qPCR) was carried
out using the TransStart Top Green qPCR SuperMix
(Transgen Biotech). The oligonucleotide primers for
GAPDH (internal reference) and CD47 were as follows:
GAPDH, 5-GCA CCG TCA AGG CTG AGA AC-3’
(sense) and 5-TGG TGA AGA CGC CAG TGGA-3’
(antisense); and CD47, 5-AGA TCC GGT GGT ATG
GAT GAGA-3’ (sense) and 5-GTC ACAATT AAA CCA
AGG CCA GTAG-3’ (antisense). Every procedure was
carried out in triplicate. The cycle threshold (Ct) value
for the CD47 ¢cDNA was normalized to that of GAPDH
according to the comparative CT (AACt) method".

Western Blot Analysis

The cells were cultivated in serum-free DMEM in
six-well plates until they reached 80% confluency. The
medium was removed, and the cells were washed twice
with PBS. A lysis buffer (M-PER® Mammalian Protein
Extraction Reagent; Pierce Biotechnology, Rockford,
IL, USA) was then added to the cells, following which
they were scraped from the plate and centrifuged at
14,000x g at 4°C for 10 min. The supernatant was then
heated for 5 min in Laemmli sample buffer containing
dithiothreitol (50 mM). Equivalent quantities of the lysed
and heated proteins (30 pg/well) were electrophoresed
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on polyacrylamide gels (10%; Bio-Rad, Shanghai, P.R.
China), following which the isolated proteins were trans-
ferred to a polyvinylidene difluoride membrane (GE
Healthcare, Pittsburgh, PA, USA). The membrane was
blocked with skimmed milk (5%; Bio-Rad) for 1 h at
room temperature, and then incubated overnight with the
primary antibody at 4°C. Determination of concentrations
was conducted as instructed. The membrane was then
incubated with the horseradish peroxidase-conjugated
secondary antibody for 1 h at room temperature, and the
proteins were finally examined using enhanced chemilu-
minescence kits (GE Healthcare).

Cell Proliferation Assay

The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide] assay (Life Technologies) was ap-
plied to evaluate cell proliferation. In brief, cells were
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Figure 1. Cluster of differentiation 47 (CD47) is expressed in
glioblastomas. (A) Quantitative PCR (qPCR) was applied to
evaluate CD47 expression in 23 glioblastoma specimens and 10
normal counterparts. (B) qPCR was applied to evaluate CD47
expression in U251, T98G, and U87 cells in comparison with
normal HEB astrocytes. (C) Western blotting was applied to
assess CD47 expression in U251, T98G, and U87 cells in com-
parison with normal HEB astrocytes. ***p<0.001.
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seeded in 96-well plates at a density of 4,000 cells per
well in 100 ul of DMEM and cultured for 4 days. Each
well was supplemented with MTT solution (10 ul) for 1 h
daily. The OD values were then determined at 490 nm.

Cell Invasion Assay

Transwell chambers (24-well inserts; 8-um pore size;
Millipore, Billerica, MA, USA) containing Matrigel (200
pg/ml; BD Biosciences, Franklin Lakes, NJ, USA) were
used to evaluate cell invasion. In brief, after 24 h of trans-
fection, the cells were treated with mitomycin C (10 pg/
ml) for 2 h. Following trypsin treatment, the cells were
seeded in the upper chambers at a density of 1x 10’ cells
per chamber in serum-free DMEM. The lower chambers
containing DMEM-F12 with FBS (15%) served as the
chemoattractants. Incubation was carried out for 48 h.
Subsequently, cells located at the upper surfaces of the
chambers were gently removed. The invading cells
located in the lower chambers were fixed in methanol
and stained with crystal violet. Light microscopy was
then carried out to evaluate the number of cells in five
random visual fields.
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Statistical Analysis

GraphPad InStat software (GraphPad, San Diego, CA,
USA) was applied to analyze all the data. Results are
presented as the mean + standard deviation. The Student’s
t-test was used to evaluate differences between groups,
where a value of p<0.05 was regarded as being statisti-
cally significant.

RESULTS

Expression of CD47 Is Increased in Glioblastoma
Cells and Tissues

The influence of CD47 on glioblastomas was explored
by qPCR using 23 glioblastoma tissue specimens and 10
normal counterparts. CD47 upregulation was evident in
most of the glioblastoma tissues (Fig. 1A). Both CD47
transcription and translation were increased in the U251,
T98G, and U87 cells in comparison with that in normal
HEB astrocytes (Fig. 1B and C). Because U87 had the
most noticeable CD47 expression among the glioblas-
toma cell lines, it was used for the cell invasion and pro-
liferation assays.
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Figure 2. Knockdown of CD47 impairs glioblastoma invasion. CD47 siRNA and control siRNA were transfected, respectively, into
U87 cells. (A) gPCR was applied to evaluate CD47 transcription at 24 h subsequent to transfection. (B) Western blotting was applied
to evaluate CD47 translation at 24 h subsequent to transfection. (C) Representative images from the in vitro Matrigel invasion assay.

(D) Quantification of the invasion assay depicted in (C).
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Knockdown of CD47 Impairs Glioblastoma
Cell Invasion

To characterize the importance of CD47 activity in
glioblastomas, knockdown of the glycoprotein was car-
ried out in U87 cells by transfection with CD47-siRNA.
gPCR verified that the CD47-siRNA had decreased the
cellular transcription and translation of CD47 (Fig. 2A
and B). It was found that the knockdown of CD47 remark-
ably inhibited the invasion of U87 cells compared with
that of control cells (Fig. 2C and D).

Overexpression of CD47 Promotes Glioblastoma
Cell Invasion

To further investigate the influence of CD47 on the
glioblastoma invasion ability, T98G cells were trans-
fected with pcDNA3.1-3xFlag-CD47 plasmids. Western
blotting and qPCR assays were then applied to con-
firm the overexpression of CD47 in T98G cells (Fig. 3A
and B). It was found that CD47 overexpression notice-
ably increased T98G cell invasion relative to that of the
control cells (Fig. 3C and D).
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CD47 Is Unnecessary for Glioblastoma
Cell Proliferation

To investigate the influence of CD47 on glioblas-
toma cell proliferation, the MTT assay was carried out
using U87 cells transfected with CD47-siRNA or control
siRNA. The number of cells in the CD47-siRNA group
was similar to that in the control group (Fig. 4A). Relative
to the control group, CD47 overexpression had no obvi-
ous effect on U87 proliferation over the three time points
tested (Fig. 4B).

The PI3K/Akt Signaling Pathway Is Necessary
for CD47-Triggered Glioblastoma Invasion

Previous research had indicated that receptors of CD47
stimulated the PI3K/Akt pathway". To throw light on
how CD47 triggers glioblastoma invasion on the molecu-
lar level, we examined the level of Akt phosphorylation
in U87 cells prior and subsequent to CD47 overexpres-
sion. Akt phosphorylation was largely increased after
CD47 overexpression (Fig. 5A). To determine whether
the PI3K/Akt pathway is necessary for the glioblastoma
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Figure 3. CD47 overexpression promotes glioblastoma invasion. Control and pcDNA3.1-3xFlag-CD47 plasmids were transfected
into T98G cells. (A) qPCR was applied to evaluate CD47 transcription at 24 h subsequent to transfection. (B) Western blotting was
applied to evaluate CD47 translation at 24 h subsequent to transfection. (C) Representative images from the in vitro Matrigel invasion

assay. (D) Quantification of the invasion assay depicted in (C).
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Figure 4. CD47 is unnecessary for glioblastoma proliferation.
(A) CD47 siRNA and control siRNA were transfected into U87
cells. The cells were subjected to MTT assay at 24 h subse-
quent to transfection in order to evaluate cell proliferation;
five replicates were tested at every time point. (B) Control and
pcDNA3.1-3xFlag-CD47 plasmids were transfected into T98G
cells. The cells were subjected to MTT assay at 24 h subsequent
to transfection in order to evaluate cell proliferation; five repli-
cates were tested at every time point.

invasion triggered by CD47, Wortmannin (a PI3K sup-
pressor) was used to suppress Akt phosphorylation
(Fig. 5A). The invasion assay showed that Wortmannin
treatment had eliminated the CD47-triggered invasion
of T98G cells (Fig. 5B and C). These data indicated that
the PI3K/Akt signaling pathway was important for the
glioblastoma invasion activity triggered by CD47.

DISCUSSION

In this study, we first proved that CD47 is over-
expressed in glioblastoma cells and tissues in compari-
son with its expression in normal brain specimens and
HEB astrocytes. CD47 regulated glioblastoma invasion
on the cellular level, which was modulated by the PI3K/
Akt pathway. Our findings indicate that CD47 might
serve as an essential predictor and treatment target of
glioblastomas.

Previous research had suggested that CD47 could
serve as an innovative predictor of various cancers™'*"’.
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Baccelli and colleagues demonstrated that the presence
of ductal breast cancer metastasis-initiating cells with
the EPCAM*CD44"CD47*MET*"~ phenotype was asso-
ciated with a shorter overall survival and more meta-
static lesions’. Additionally, CD47-expressing cancer
cells in the circulation led to recurrence and metastasis
in patients with breast cancer'®. A constitutive increase
in CD47 expression was necessary for both metastasis
and immune tolerance in non-Hodgkin’s lymphoma'*.
In the case of colorectal carcinoma, CD47 upregulation
was linked with distant metastasis, probably via immuno-
logical escape®. In agreement with these research studies,
siRNA against CD47 significantly suppressed the growth
and pulmonary metastasis of melanomas'®. Additionally,
blockade of the CD47 signal suppressed cancer develop-
ment and metastasis, demonstrating its therapeutic mer-
its for various malignancies®*'. In our present study, we
provided proof of CD47 overexpression and its biological
importance and functional effect in glioblastoma using
several cancer cell lines and tissue specimens.

The influence of CD47 on cell proliferation is open
for debate. In fact, it has been demonstrated that CD47
is able to enhance cell proliferation or trigger cell death.
In the CNS, CD47 overexpression in cultivated nerve
cells improved synapse generation and branching. SIRPo
binding to CD47 enhanced the generation of the spine as
well as filopodia in cultivated nerve cells***. Additionally,
it was shown that ligation of CD47 to the 4N1 peptide
or thrombospondin-1 (TSP-1) modulated the migration
and growth of smooth muscle cells in the blood vessels™.
Furthermore, CD47 stimulation triggered the dissemina-
tion and adhesion of melanoma cells* and the epithelium
of the intestines®, as well as the growth of breast can-
cer cells”. CD47 stimulation via 4N1 or TSP-1 ligation
defended normal and malignant thyroid cells against cell
death triggered by ceramide, doxorubicin, and camptothe-
cin®. On the contrary, it was discovered that CD47 trig-
gered the death of chronic B and T lymphatic leukemia
cells via reactions independent of caspases®. In our pres-
ent study, both loss- and gain-of-function methods were
adopted, whereupon it was revealed that glioblastoma
proliferation was independent of the overexpression or
knockdown of CD47. In brief, our results indicated that
the influence of CD47 on cell proliferation varied from
lineage to lineage. Furthermore, CD47 has been found
to be the main receptor related to cell adhesion via its
interaction with integrins®. Consequently, the influence
of CD47 could vary depending on the adhesion or circu-
lation status of cells.

Our present study suggests that an innovative CD47
pathway participates in the stimulation of PI3K/Akt in
glioblastoma. It was widely accepted that PI3K/Akt is
a cancer development pathway affecting cell viability,
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Figure 5. The PI3K/Akt signaling pathway is necessary for CD47-triggered glioblastoma invasion. Control and pcDNA3.1-3xFlag-
CD47 plasmids were transfected into T98G cells with or without subsequent Wortmannin treatment. (A) Western blotting was applied
to evaluate the expression of specific proteins at 24 h subsequent to transfection. (B) Representative images from the in vitro Matrigel
invasion assay. (C) Quantification of the invasion assay depicted in (B).

growth, movement, and proliferation in various malig-
nancies, such as astrocytomas, melanomas, and endo-
metrial, breast, renal, ovarian, pulmonary, lymphoid, and
thyroid cancers’'. With regard to astrocytomas, the PI3K/
Akt pathway brings about glycolysis by regulating local-
ization of the glucose transporter Glutl to the surface of
cells and by activating hexokinase, which serves as an
enzyme in the glycolytic reaction. Furthermore, the phos-
phorylation of inositol 1,4,5-triphosphate receptors on
Akt suppresses staurosporine-induced cell death in U87
cells”. Akt also inhibits mammalian target of rapamycin in
gliomas, which regulates various cellular reactions, such
as cytoskeletal architecture, transcription, and autophagy,
to enhance cell viability™. Increased Akt phosphorylation
subsequent to CD47 overexpression in glioblastoma cells
was also evident in our research. Additionally, a PI3K
suppressor (Wortmannin) eliminated the CD47-triggered
invasion ability of T98G cells.

In summary, the findings of this study suggest that the
stimulation of CD47 receptors promotes glioblastoma

invasion but not proliferation. It is hypothesized that
PI3K/Akt stimulation participates in the pathway related
to CD47 expression. Consequently, our research offers a
potential target for the development of innovative thera-
peutic strategies against glioblastomas.
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