
Am J Transl Res 2017;9(6):2901-2910
www.ajtr.org /ISSN:1943-8141/AJTR0049081

Original article
Overexpression of CD47 predicts poor prognosis and 
promotes cancer cell invasion in high-grade  
serous ovarian carcinoma

Yinuo Li1,2, Shuhua Lu3, Ying Xu2, Chunping Qiu2, Chengjuan Jin2, Yuqiong Wang1,2, Zhaojian Liu1, Beihua 
Kong2

1Department of Cell Biology, School of Medicine, Shandong University, Jinan, Shandong, China; 2Department of 
Obstetrics and Gynecology, Qilu Hospital, Shandong University, Jinan, Shandong, China; 3Hospital Information 
Center, People’s Hospital of Rizhao, Rizhao, Shandong, China

Received January 17, 2017; Accepted May 11, 2017; Epub June 15, 2017; Published June 30, 2017

Abstract: CD47 is an antiphagocytic signal that cancer cells employ to inhibit macrophage-mediated destruction. 
CD47 is overexpressed in various human malignancies. However, the expression and functional significance of 
CD47 in high-grade serous ovarian carcinoma (HGSOC) has not been completely understood. In this study, we 
reported that CD47 was commonly overexpressed in HGSOC. Higher CD47 expression was significantly correlated 
with poor prognosis of HGSOC patients. Functional investigations revealed that CD47 overexpression in ovarian can-
cer cells significantly promoted migration and invasion. Moreover, CD47 induced epithelial-mesenchymal transition 
(EMT) through modulating E-cadherin and N-cadherin. Our findings suggest that up-regulation of CD47 is correlated 
with ovarian cancer progression and it might be a potential biomarker for predicting clinical outcomes.
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Introduction

Ovarian cancer is one of most common gyneco-
logical cancer and the leading cause of death 
all around the world. There was estimated to 
52,100 new cases and 22,500 deaths from 
ovarian cancer in China in 2015 [1]. High-grade 
serous ovarian carcinomas (HGSOCs), account-
ing for up to 60% of ovarian epithelial carcino-
ma, are genetically and histologically heteroge-
neous tumors [2]. Despite the advances in the 
research and treatment, the molecular patho-
genesis of HGSOC has not been fully character-
ized. This is due to the fact that the vast major-
ity of cases are not detected until late-stage. 
Ovarian cancer is traditionally thought to be 
derived from ovarian surface epithelium (OSE) 
[3]. Recent studies suggest that ovarian cancer 
may arise from precursor lesions located in the 
fallopian tubal epithelium (FTE) [4]. The origin 
and molecular pathogenesis of HGSOC are 
largely unknown.

CD47 is a widely expressed transmembrane 
protein that interacts with several molecules 
including integrins, thrombospondins and sig-
nal regulatory protein alpha (SIRPα) [5]. Upon 
binding CD47, the protein SIRPα that expressed 
on macrophages and dendritic cells initiates a 
signaling cascade and results in the inhibition 
of phagocytosis [5]. Increasing data show that 
CD47 is nearly expressed on all cancers, and 
blockade of its function leads to tumor cell 
phagocytosis and elimination. In addition to 
serving as a potent signal to aid escape from 
immune surveillance, CD47 also plays a role in 
cellular proliferation, apoptosis, adhesion and 
migration. Activation of CD47 receptors causes 
proliferation of human astrocytoma but not nor-
mal astrocytes via an Akt-dependent pathway 
[6]. The role of CD47 in cell migration was first 
demonstrated for neutrophils, where CD47 
blocking antibodies inhibited transmigration of 
neutrophils and monocytes through the endo-
thelium [7] and blocking CD47 function by neu-
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tralizing antibodies has been shown to inhibit 
migration and metastasis in tumor models [8].

CD47 was first identified as a tumor antigen on 
human ovarian cancer in the 1980s [9] and the 
increasing circulating level in serum was pres-
ent with increasing tumor burden and higher 
histological grade, especially for ovarian cancer 
patients with serous and unclassified adeno-
carcinomas [10]. CD47 expression was ampli-
fied in 15/316 (5%) ovarian serous cancers in 
the TCGA database. Patients with CD47 low-
expression had a better treatment response to 
standard therapy, and trended towards im- 
proved overall survival in ovarian cancer [11].

In the present study, we investigated the clini-
cal significance and functional role of CD47 in 
ovarian cancer. We found CD47 was commonly 
overexpressed in HGSOC. High expression of 
CD47 was correlated with poor prognosis in 
HGSOC patients. Functional investigations 
revealed that CD47 overexpression in ovarian 
cancer cells significantly promoted invasion 
and induced epithelial-mesenchymal transition 
(EMT). 

Materials and methods

Patients and tissue samples

All evaluated HGSOC and fallopian tube tissues 
were collected in Qilu Hospital of Shandong 
University between November 2005 and 
December 2012. This study included 153 
cases of HGSOC and 70 cases of fallopian tube 
tissues. HGSOC tissues were obtained from pri-
mary ovarian cancer patients receiving no sur-
gery or chemotherapy previously. Fallopian 
tube tissues were from patients who received a 
total hysterectomy and bilateral salpingo-
oophorectomy for uterine diseases or for 
benign neoplastic adnexal pathologic changes. 
The tissue sections were collected and pre-
pared for tissue microarray (TMA) as described 
previously [12]. Ethics Committee of Shandong 
University approved the study and all partici-
pants gave written informed consent.

Immunohistochemical staining

Immunohistochemical staining was performed 
on 4-µm paraffin tissue sections.

The tissue sections were deparaffinized in 
xylene and rehydrated in a graded series of 

ethanol. Antigen retrieval was performed by 
microwave irradiation in citrate retrieval solu-
tion (PH 6.0). Nonspecific binding was blocked 
with donkey serum and sections were then 
incubated with anti-CD47 antibody (1:200, 
Abcam, Cambridge, UK) overnight at 4°C. The 
signal was developed by DAB detection system 
and counterstained with hematoxylin. The 
staining results were independently evaluated 
by two investigators blinded to the clinical data.

Cell lines and cell cultures

T29 (Normal ovarian surface epithelial, OSE) 
and FTE187 (fallopian tube secretory epithelial, 
FTSE) cell lines were from Jinsong Liu’s lab and 
maintained in cell culture medium as previously 
described [13]. HEK293T and ovarian cancer 
cell lines A2780, SKOV3, HEY and OVCAR3 
were originally purchased from American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
A2780 and OVCAR3 cells were cultured in 
RPMI-1640 medium (Gibco, Invitrogen). SKOV3, 
HEY and HEK293T cells were cultured in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, Invitrogen). The media were supplement-
ed with 10% FBS (CST, USA), 100 U/ml penicil-
lin and 100 μg/ml streptomycin. All cells were 
cultured at 37°C with 5% CO2 in a humidified 
incubator (Thermo Fisher Scientific).

Plasmid construction and lentivirus production 

To generate CD47 overexpression construct, 
the ORF sequence of CD47 was cloned into the 
pLenti-C-Myc-DDK-IRES-Puro (PCMV) vector 
(Origene, USA). Lentivirus expressing CD47 
were produced in HEK293T cells packaged 
with psPAX2 and pMD2.G. A2780 cells were 
infected for 24 hours and then selected for one 
week in RPMI-1640 medium containing 2 μg/
ml puromycin (Merck Millipore, USA) to acquire 
stable cell lines NC-A2780 and CD47-
OVE-A2780. Primers for plasmid construction 
were shown in Supplementary Table 1.

siRNA transfection

siRNAs for CD47 knockdown were purchased 
from GenePharma (Shanghai, China). A2780 
and SKOV3 cells were transfected with siRNA 
by Lipofectamine 2000 (Invitrogen, USA) 
according to the manufacturer’s protocol. 
siRNA sequences were listed in Supplementary 
Table 1.
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Figure 1. CD47 expression in epithelial hyperplasia and normal fallopian tube. A: Immunohistochemical staining of 
CD47 expression in normal (n=36) and hyperplasia (n=34) FTs. B: The histogram indicates the CD47 expression 
level distribution in normal and hyperplasia FTs. C: CD47 expression in the same FT sample including multiple layer 
area and single layer area.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA was isolated using TRIZOL reagent 
(Invitrogen, USA) and cDNA was synthesized 
using PrimeScript RT reagent Kit (Takara, 
Japan). qRT-PCR was performed using SYBR-
Green qPCR master mix (Takara, Japan). 
Further details were shown in Supplementary 
Table 1.

Western blots

Protein samples were separated by SDS-PAGE 
and electrotransferred onto PVDF membrane 
(Millipore). After blocking with 5% non-fat milk, 
the membrane was incubated overnight at 4°C 
with the primary antibody and then with horse-
radish peroxydase-coupled secondary anti-
body. Signal was detected with enhanced che-
miluminescence (ECL; GE, USA). Antibodies in 
this study included anti-CD47 (Abcam, USA), 
anti-E-cadherin, anti-N-cadherin (CST, USA) and 
anti-β-actin (Sigma-Aldrich).

Clonogenic assay

Single-cell suspensions were plated on 6-well 
plates (300-500 cells/well) and cultured for 
2-3 weeks. The colonies were fixed with metha-
nol and stained with 0.1% crystal violet. 
Colonies of greater than 50 cells were counted. 
The data presented is the mean ± standard 
error (SE) and represents three independent 
experiments.

Cell cycle analysis

After serum starvation for 12 h, the medium 
was replaced with complete medium for anoth-
er 12 hours and cells were harvested and fixed 
with 75% ice-cold ethanol overnight. Cell sus-
pensions were then stained with propidium 
iodine (50 µg/mL) and analyzed by flow cytom-
etry (BD Biosciences, USA).

Migration and invasion assays

Migration and invasion assays were performed 
using transwell system (24-well, 8 μm pore 
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Figure 2. Expression analysis of CD47 in high-grade serous ovarian carcinoma. A: Relative expression of CD47 in 
HGSOCs (n=39) and FTs (n=30) measured by Real-time PCR. B: Western blot analysis of CD47 in HGSOCs (n=19) 
compared to FTs (n=12). C: Quantitative immunohistochemical analysis of CD47 expression in HGSOCs (n=153) 
and FTs (n=36). D: CD47 expression in ovarian cancer cell lines and two normal cell lines measured by western blot.

size; BD falcon). Invasion assay was performed 
in the same way as the migration assay except 
that the membrane was coated with Matrigel 
(BD Biosciences, San Jose, CA, USA). Briefly, 
1.5×105 cells were seeded into the insert with 
serum-free medium and the bottom medium 
containing 20% FBS as a chemo-attractant. 
After incubating at 37°C for 12 to 48 h depend-
ing on the cell lines, the inserts were fixed with 
methanol and stained with 0.1% crystal violet. 
Invaded cells were scanned and counted in at 
least 6 different microscopic fields. 

Immunofluorescence analysis

Cells were seeded on coverslips in the 24-well 
plates and cultured for 24 h. Coverslips were 
then fixed with 4% paraformaldehyde and per-
meabilized with 0.1% Triton X-100. Cells were 
blocked with 10% goat serum in PBS and then 
incubated with anti-N-cadherin antibodies 

(1:200) at 4°C overnight. Followed by incubat-
ing with rhodamine-labeled secondary antibody 
(Beyotime Biotechnology) for 1 hour at room 
temperature in the dark, the cells were counter-
stained with DAPI (Life Technologies). Finally, 
the slides were mounted with anti-fading 
reagent and images were captured under a flu-
orescence microscope (Olympus, Tokyo, Japan).

Statistical analysis

Statistical analysis was carried out using SPSS 
V17.0. Survival curves were calculated by 
Kaplan-Meier methods, with comparisons per-
formed by the log-rank test. Chi-square test 
was used to analyze the differences of clinical 
characteristics. Student’s t-test was chosen to 
analyze the differential expression of quantita-
tive data. Statistically significance was consid-
ered as: *P≤0.05 or **P≤0.01.
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Results

CD47 is highly expressed in 
epithelial hyperplasia of the 
fallopian tube (FT)

Recent evidences suggest 
most high-grade ovarian ser- 
ous carcinomas originate in 
the FTs [14, 15]. To evaluate 
CD47 expression in FT tissu- 
es, we immunohistochemically 
examined CD47 expression in 
normal (n=36) and hyperplasia 
(n=34) FTs. As shown in Figure 
1A and 1B, CD47 showed 
weak staining in normal FTs 
(25/36, 69.4%) and while 
showed moderate or strong 
staining on hyperplasia FTs 
(29/34, 85.3%). Interestingly, 
in the same FT sample, CD47 
was highly expressed in multi-
ple layer area than single layer 
area (Figure 1C). These find-
ings suggested that CD47 may 
be used for detection of secre-
tory cell hyperplasia of FT. 

CD47 is overexpressed in 
HGSOC

To investigate CD47 expres-
sion level in HGSOC patients, 
we first performed qPCR to 
measure CD47 expression in 
normal FT (n=30) and HGSOC 
(n=39) tissues. We observed 
that CD47 mRNA level in 
HGSOC group was significantly 
higher than in the normal FT 
group (Figure 2A). To confirm 
CD47 overexpression in HG 
SOC, we conducted western 
blot for CD47 innormal FT 
(n=12) and HGSOC (n=19) tis-
sues. As illustrated in Figure 
2B, CD47 protein level was 
increased in most HGSOC tis-
sues. Consistently, immuno-
histochemical staining reve- 
aled a significant increase of 
CD47 level in HGSOC group 
compared with FT group 
(Figure 2C). We further mea-
sured CD47 expression in 

Table 1. Characteristics and CD47 expression (IHC) in ovarian 
cancer patients

Clinicopathological Variables Number
CD47 expression

P valuea

Low level  High level
Age (years)
    <56 74 29 45 0.7425
    ≥56 79 34 45
Stage
    Early (stages I) 36 13 23 0.5631
    Advanced (stages III-IV) 117 50 67
CA125 in serum (U/mL)
    <600 63 33 30 0.0205
    ≥600 90 30 60
Lymph nodes metastasis
    Negative 27 10 17 0.7822
    Positive 27 12 15
aIndependent-samples t-test.

Figure 3. Immunohistochemical analysis of CD47 expression and its correla-
tion with prognosis of HGSOC patients. A: Representative images of immuno-
histochemical analysis of CD47 expression in HGSOCs. B: Kaplan-Meier sur-
vival analysis of CD47 high-expression group versus low-expression group.
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time PCR and western blot 
were performed to prove 
the successful generation 
of ovarian cancer cells with 
CD47 overexpression or kn- 
ockdown (Figure 4A, 4B).

CD47 promotes migration 
and invasion of ovarian 
cancer cells

To determine the effect of 
altered CD47 expression on 
metastasis of ovarian can-
cer cells, migration and 
invasion abilities were first 
measured by transwell as- 
say. A2780 cells with CD47 
overexpression significantly 
enhanced the migration and 
invasion potentials com-

Figure 4. CD47 expression in ovarian cancer cells with CD47 overexpression 
and knockdown. A: Relative CD47 mRNA level in CD47 overexpression and 
knockdown cell lines. B: Western blot analysis of CD47 in CD47 overexpression 
and knockdown cell lines.

ovarian cancer cell lines and normal cell lines 
and found ovarian cancer cell lines exhibited 
higher CD47 expression levels than normal cell 
lines (Figure 2D). These findings indicated that 
CD47 overexpression was common in HGSOC.

Correlation between CD47 expression and 
clinic-pathological parameters

We next analyzed clinicopathological and prog-
nostic significance of CD47 expression in 
HGSOC. Interestingly, we found elevated CD47 
expression was associated with high level of 
CA125 in HGSOC patients (Table 1). While 
Elevated CD47 expression was not associated 
with other clinic-pathological factors. We fur-
ther evaluated the association between CD47 
expression and overall survial of patients with 
HGSOC by Kaplan-Meier method. Patients with 
higher CD47 expression had a significantly 
shorter overall survival time than did patients 
with low CD47 expression (Figure 3B). These 
observations indicate that upregulation of 
CD47 was closely associated with progression 
and poor prognosis in HGSOC patients.

Generation of ovarian cancer cells with CD47 
overexpression or knockdown

To investigate the potential function of CD47 in 
ovarian cancer, we established stable cell line 
with CD47 overexpression (CD47-OVE-A2780). 
We also introduced siRNAs to knockdown CD47 
expression in A2780 and SKOV3 cells. Real-

pared with control cells (Figure 5A). While 
A2780 and SKOV3 cell lines with CD47 knock-
down showed reduced migration and invasion 
ability (Figure 5B, 5C). These data indicate that 
CD47 promotes migration and invasion of ovar-
ian cells in vitro.

CD47 induces epithelial-mesenchymal transi-
tion (EMT) of ovarian cancer cells

We observed CD47-OVE-A2780 cells exhibited 
a more mesenchymal phenotype compared to 
control cells. While CD47 knockdown cells dis-
played a more epithelial phenotype compared 
to control cells (Figure 6A). We then assessed 
the expression of EMT markers by western blot 
and found CD47 overexpression increased 
level of N-cadherin and decreased level of 
E-cadherin. On the contrary, the attenuation of 
CD47 reduced the expression of N-cadherin 
and the expression of E-cadherin increased 
obviously (Figure 6B). We further confirmed 
N-cadherin expression level by immunofluores-
cence staining in CD47-OVE-A2780 cells com-
pared with their corresponding control cells 
(Figure 6C). These data suggest that CD47 was 
involved in EMT-related gene regulation and 
may contribute to invasive ability of HGSOC.

Discussion

High-grade serous carcinoma is the most malig-
nant form of ovarian cancer and accounts for 
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up to 70% of all ovarian cancer cases. The 
majority of HGSOC have recently been found to 
originate in the FT, not the ovary [16]. In this 
study, we reported that CD47 is commonly 
overexpressed in HGSOC compared to FT. High 

expression of CD47 indicates poor prognosis in 
HGSOC patients. CD47 is up-regulated in many 
cancers, and its high expression is a negative 
prognostic indicator for several cancers [17]. 
Consistently, CD47 is reported to be overex-

Figure 5. CD47 promotes 
migration and invasion of 
ovarian cancer cells. A: Ec-
topic expression of CD47 
enhanced migration and 
invasion ability in A2780 
cells. B and C: A2780 and 
SKOV3 cell lines with CD47 
knockdown showed reduced 
migration and invasion abil-
ity. The data shown here are 
from a representative exper-
iment repeated three times 
with similar results. Data are 
presented as means ± S.D. 
*P<0.05, **P<0.01.
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Figure 6. CD47 induces epithelial-mesenchymal transition (EMT) of ovarian cancer cells. A: Morphological changes 
in A2780 cells with CD47 overexpression or knockdown. B: E-cadherin and N-cadherin expression measured by WB 
in ovarian cancer cells with CD47 overexpression or knockdown. C: Immunofluorescence staining of N-cadherin in 
CD47-OVE-A2780 cells compared to the control. 

pressed in epithelial ovarian cancer. Patients 
with CD47 low expression had a better treat-
ment response to standard therapy [11]. CD47 
expression was significantly high in ovarian 
clear cell carcinoma and correlated with patient 
surgical stage, chemotherapy resistance and 
prognosis [18].

CD47 is an antiphagocytic signal that cancer 
cells employ to inhibit macrophage-mediated 
destruction [19]. CD47 promotes tumor inva-
sion and metastasis in non-small cell lung can-
cer [20]. Activation of CD47 receptors causes 
proliferation of human astrocytoma via an Akt-
dependent pathway [6]. HIF-1 regulates CD47 

expression in breast cancer cells to promote 
evasion of phagocytosis and maintenance of 
cancer stem cells [21]. Our data revealed that 
CD47 overexpression in ovarian cancer cells 
significantly promoted migration and invasion 
in vitro. Moreover, CD47 induced epithelial-
mesenchymal transition (EMT) through modu-
lation of E-cadherin and N-cadherin. How- 
ever, we found that CD47 did not influence  
on proliferation and cell cycle progression 
(Supplementary Figure 1).

When we analyzed CD47 expression in FT, we 
found CD47 was highly expressed in epithe- 
lial hyperplasia of the FTs (29/34, 85.3%). 
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Interestingly, in the same FT sample, CD47 was 
highly expressed in multiple layer area than 
single layer area (Figure 1C). Clinical and patho-
logical data showed elevated CD47 expression 
was associated with high level of CA125 in 
HGSOC patients. These findings suggested that 
CD47 may be used for detection of secretory 
cell hyperplasia of FT and for early stage detec-
tion of HGSOC. Future studies are needed to 
elucidate mechanisms regulating the overex-
pression of CD47 in HGSOC.

In conclusion, our results showed that CD47 
was commonly overexpressed in hyperplasia of 
the FT and HGSOC. High expression of CD47 
was associated with poor prognosis and high 
level of CA125 in HGSOC patients. Our findings 
indicate that CD47 is a strong candidate bio-
marker and therapeutic target in high-grade 
serous ovarian carcinoma.
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Supplementary Table 1. Primers and sequences used in this study
Methods Primer Name F/R Primer sequences (5’-3’)
RT-PCR CD47 F TCCGGTGGTATGGATGAGAAA

R ACCAAGGCCAGTAGCATTCTT
GAPDH F GTCTCCTCTGACTTCAACAGCG

R ACCACCCTGTTGCTGTAGCCAA
Lentiviral CD47 F GAGGCGATCGCCATGTGGCCCCTGGTAGCG
Construct R GCGACGCGTTCAGTTATTCCTAGGAGGTTGTA
CD47-siRNA si-1 CCUGGUGAUUACCCAGAGAdTdT

si-2 GCACAAUUACUUGGACUAGdTdT
si-3 GUUACUAAUAUGGAGGCACdTdT
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Supplementary Figure 1. CD47 had no effect on the proliferation of ovarian cancer cells as measured by (A and B) 
colony formation assay and (C and D) cell cycle analysis.


