
OR I G I N A L R E S E A R C H

CD47 Overexpression Is Associated with

Epstein–Barr Virus Infection and Poor Prognosis

in Patients with Nasopharyngeal Carcinoma
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Zhi-Hui Wang,1–3,* Xiao-

Feng Pei,2,3,* Zhi-Quan Zhu,2,3,*

Zhong Lin,2,3 Yin-Yan Mao,2,3 Xiao-

Lu Xu,2,3 You-Li Luo,4 Li Zhang,1

Pei-Jian Peng2,3

1State Key Laboratory of Oncology in South

China, Department of Medical Oncology,

Sun Yat-sen University Cancer Center,

Guangzhou, Guangdong, People’s Republic
of China; 2Department of Thoracic Oncology,

The Cancer Center of the Fifth Affiliated

Hospital of Sun Yat-sen University, Zhuhai,

Guangdong, People’s Republic of China;
3Guangdong Provincial Key Laboratory of

Biomedical Imaging, The Fifth Affiliated

Hospital of Sun Yat-sen University, Zhuhai,

Guangdong, People’s Republic of China;
4Department of Interventional Oncology, The

Cancer Center of the Fifth Affiliated Hospital

of Sun Yat-sen University, Zhuhai, Guangdong,

People’s Republic of China

*These authors contributed equally to this

work

Purpose: Little is known about the clinical significance of CD47 expression and its

association with Epstein–Barr virus (EBV) infection in patients with nasopharyngeal carci-

noma (NPC). The aim of this study was to clarify the prognostic value and role of CD47 in

EBV-associated NPC.

Materials and Methods: Sixty-six cases of non-metastatic NPC were retrospectively

reviewed. Tissues were collected for immunohistochemical staining of CD47 and the EBV-

encoded oncoprotein latent membrane protein 1 (LMP1). Western blotting and quantitative

real-time PCR were performed to determine the CD47 and LMP1 levels in common human

NPC cell lines. Additionally, CD47 and LMP1 expression in a constructed EBV-positive

human NPC cell (CNE-2-EBV+) and a stable cell line transfected with LMP1 plasmid

(CNE-2-LMP1) was assessed. Next, we used Western blotting to assess the decrease in

CD47 expression on CNE-2-LMP1 cells after transfecting them with small interfering RNA

(siRNA)-targeting LMP1.

Results: In NPC patients, CD47 overexpression was significantly associated with disease

recurrence (P=0.010), leading to poorer disease-free survival (DFS; P=0.002) and overall

survival (P=0.021). Multivariate Cox proportional hazards models demonstrated that CD47

(HR=5.452, P=0.016) was an independent prognostic factor of DFS. Moreover, CD47

expression was associated with plasma EBV-DNA copy number and LMP1 tissue expres-

sion. Among the human NPC cell lines, CD47 and LMP1 expression was notably higher in

the EBV-positive C666-1 cell line than in the EBV-negative cell lines. Furthermore, EBV

infection upregulated CD47 expression via LMP1-mediated pathways in human NPC cells.

Conclusion: This study indicated that CD47 is related to EBV infection in NPC patients,

and it is a feasible biomarker.

Keywords: CD47, Epstein–Barr virus, latent membrane protein 1, nasopharyngeal

carcinoma

Introduction
Nasopharyngeal carcinoma (NPC), a common malignancy derived from the naso-

pharyngeal epithelium, is endemic in southern China and Southeast Asia.1

Intensity-modulated radiotherapy with chemotherapy leads to favorable long-term

survival for non-metastatic NPC patients, mainly due to improvement of local

disease control,2,3 making distant metastasis the prominent reason for treatment

failure.3,4 To address the issue of disease reoccurrence, new prognostic biomarkers

and therapeutic targets are urgently demanded.
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Epstein–Barr virus (EBV) is an important risk factor

for NPC.5 The close relationship between EBV infection

and non-keratinizing NPCs indicates that EBV infection is

a key event in endemic regions.5,6 The role of EBV in

tumorigenesis is multifactorial and complex.5 Genetic

alterations are the only initiation event in the premalignant

epithelium,7 and the immune microenvironment may play

a critical role among the subsequent events. However, the

immune escape mechanism of EBV-transformed nasophar-

yngeal epithelial cells is still not fully understood.

Macrophages are the main innate immune cells to infil-

trate into the microenvironment of tumors. However, most

cancer cells highly express CD47, which plays a crucial role

in the “don’t eat me” signal related to the innate immune

system; it inhibits phagocytosis by binding to the signal

regulatory protein alpha (SIRPα) on macrophages.8 These

interactions between CD47 and SIRPα result in immune

evasion by the cancer cells.9 Several studies have demon-

strated that high CD47 expression predicts poor prognosis

in several cancers.10–14 However, little is known about the

expression and role of CD47 in NPC.

It has been shown by the research that many macro-

phages infiltrate into the tumor microenvironment in NPC

tissue, which is positively correlated to prognosis.15 The

reason why macrophages help the growth of NPC cells

may be related to immune evasion mediated by CD47.9,16

Recently, the research has shown that EBV infection

induces CD47 expression on EBV-transformed B cells.17

Additionally, CD47 expression was significantly upregu-

lated on EBV-positive gastric carcinoma cells compared to

EBV-negative gastric carcinoma cells.18 NPC is consid-

ered to be an EBV-associated cancer, but the relationship

between EBV infection and CD47 expression is unclear.

In this study, we first evaluated CD47 expression in

NPC tissues and the prognostic value of CD47 in NPC

patients. Additionally, we determined the association

between CD47 expression and EBV infection and then

further explored the mechanism underlying how EBV

infection upregulates CD47 expression. The aim of this

study was to clarify the prognostic value and role of CD47

in EBV-associated NPC.

Materials and Methods
Ethics Approval
This study was approved by the Ethics Committee of the

Fifth Affiliated Hospital of Sun Yat-sen University (approval

no. K44-1). After providing a detailed description of the

purpose of the study, written informed consent was obtained

from all the patients. All cell lines, approved by the Ethics

Committee Board of our institution, were nicely provided by

Prof. Fang Wenfeng and Prof. Zhang Li (Sun Yat-Sen

University Cancer Center, Guangzhou, China). All experi-

ments described in this study were conducted according to

the Helsinki Declaration and relevant laws and regulations.

Tissue Samples
Formalin-fixed paraffin-embedded non-metastatic NPC tis-

sues and case histories of patients diagnosed with NPC

(n=66) between January 2011 and March 2018 were retro-

spectively obtained from the medical records of the

Department of Pathology, at the Fifth Affiliated Hospital of

Sun Yat-sen University. Clinicopathological data on age, gen-

der, clinical stage, T stage (describing the primary tumor site),

N stage (describing regional lymph node involvement),

M stage (describing distant metastatic spread), EBV-DNA

copy, treatment procedures, and survival were collected by

clinical records. The American Joint Committee on Cancer

(AJCC) staging system (8th version) was used to stage the

cancers. All the patients were followed up until

September 30th, 2019 or until death. The follow-up data

were collected from the medical records or by contacting the

patients’ relatives.

Immunohistochemical Staining
The formalin-fixed paraffin-embedded tissues were cut

into 4-μm sections, which were then deparaffinized with

xylene followed by subjecting them to a graded alcohol

series. Antigen retrieval was carried out with ethylenedia-

minetetraacetic acid (EDTA) antigen repair buffer (pH 9.0)

in a steam bath at 95°C for 45 min. After cooling the

sections naturally, they were washed with phosphate-

buffered saline (PBS; pH7.4) and endogenous peroxidase

activity was blocked using 3% hydrogen peroxide for

25 min. The sections were then washed in Tris-buffered

saline (pH7.4) and incubated at 4°C overnight with anti-

CD47 antibody (D3O7P, 63000s; 1:50; Cell Signaling

Technology, Danvers, MA, USA) or anti-EBV latent mem-

brane protein 1 (LMP1) antibody (1:50, ab78113, Abcam,

Cambridge, MA, USA). Immunoreactivity was tested

using an EnVision horseradish peroxidase (HRP) staining

system (Dako Cytomation, Carpinteria, CA, USA) accord-

ing to the manufacturer’s instructions. Negative controls

were prepared by omitting the primary antibody in the

above procedure. CD47 and LMP1 expression was identi-

fied based on membranous staining with/without
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cytoplasmic staining in tumor cells. The expression was

quantified based on the membranous tumor proportion

score (TPS), with high CD47 or LMP1 expression being

defined as TPS ≥10%. The results were determined by two

independent pathologists by using a blinded scoring

approach.

NPC Cell Lines and Cell Culture
Six human NPC cell lines employed in this study (CNE-2,

SUNE-1, CNE-1, HONE-1, HK-1, and C666-1) were

obtained from Prof. Zhang Li (Sun Yat-Sen University

Cancer Center, Guangzhou, China). These cell lines had

been established and were described in a previous study.19

Among these cell lines, C666-1, which is defective in lytic

EBV reactivation, was the only EBV-positive NPC cell line.

Additionally, CNE-2-EBV+ (constructed EBV-positive CNE-

2 cell line) and the stable cell lines CNE-2-LMP1 (CNE-2 cell

line transfected with LMP1 plasmid) and CEN-2-vector

(CNE-2 cell line transfected with control vector) were kindly

provided by Prof. Fang Wenfeng (Sun Yat-Sen University

Cancer Center, Guangzhou, China). All the NPC cell lines

were cultured in Roswell Park Memorial Institute (RPMI)-

1640 medium supplemented with 10% fetal bovine serum

(Gibco, Grand Island, NY, USA) at 37°C in 5% CO2.

Western Blotting
Cells (5×106 cells) of all the cell lines investigated in this

study were harvested and total proteins were obtained with

radioimmunoprecipitation assay (RIPA) buffer containing

phenylmethylsulfonyl fluoride (PMSF) (Applygen, Beijing,

China). The protein concentration was quantified using

a bicinchoninic acid (BCA) assay kit (Beyotime, Shanghai,

China). The protein samples were immediately heated at

100°C for 5 min and then stored at −20°C until use. On gel

containing 12% (wt/vol) acrylamide, the proteins were sepa-

rated by sodium dodecyl sulfate polyacrylamide gel electro-

phoresis (SDS-PAGE) and then transferred to polyvinylidene

fluoride membranes (Millipore, Bedford, MA, USA). After

blocking the membranes using Tris-buffered saline with

Tween 20 (TBST) containing 5% skim milk, a standard

immunoblot analysis was performed using primary antibody

and HRP-conjugated secondary antibody. Glyceraldehyde

3-phosphate dehydrogenase (GAPDH) was used as the load-

ing control. The following primary antibodies were

employed: anti-GAPDH antibody (ab181602; Abcam,

Cambridge, MA, USA), anti-CD47 antibody (bs-2386R;

Bioss, Beijing, China), and anti-LMP1 antibody (ab78113;

Abcam). The bands were detected using enhanced

chemiluminescencewith a ChemiDoc™XRS+ System (Bio-

Rad, Hercules, CA, USA) and analyzed using ImageJ 1.8

software (National Institutes of Health, Bethesda,

MD, USA).

RNA Extraction and PCR
Total RNA was extracted from all the cell lines investi-

gated in this study, and cDNA was synthesized by reverse

transcription in a C1000 Thermal Cycler (Bio-Rad) with

a PrimeScriptTM RT reagent kit (RR047A; Takara, Otsu,

Japan). Quantitative real-time PCR analysis was per-

formed using a CFX96™Real-Time PCR Detection

System (Bio-Rad) with an SYBR Premix EX Taq II Kit

(RR802A; Takara). The primers for CD47 were as fol-

lows: forward primer, 5ʹ-CGATTGGATTAACCTCCTT

CGT-3ʹ and reverse primer, 5ʹ-CATTGGTATACACGCC

GCAA-3ʹ. The primers for GAPDH were as follows: for-

ward primer, 5ʹ-GATTCCACCCATGGCAAATT-3ʹ and

reverse primer, 5ʹ-TCTCGCTCCTGGAAGATGGT-3ʹ.

Small Interfering RNA (siRNA) and

Transfection
CNE-2-LMP1 and CNE-2-EBV+ cells were cultivated in

a 6-well plate with RPMI-1640 medium supplemented with

10% fetal bovine serum without antibiotics. After a further

24 h of incubation, Lipofectamine RNAiMAX Transfection

Reagent (Invitrogen Life Technologies, Carlsbad, CA, USA)

was used to transfect the cells with LMP1 siRNA or negative

control siRNA, which were chemically synthesized by

RiboBio Co., Ltd. (Guangzhou, China). The negative control

siRNA sequences were as follows: sense sequence, 5ʹ-UUCU

CCGAACGUGUCACGUTT-3ʹ and anti-sense sequence, 5ʹ-
ACGUGACACGUUCGGAGAATT-3ʹ. The LMP1 siRNA

sequences were as follows: sense sequence, 5ʹ-GGAAU

UUGCACGGACAGGCTT-3ʹ and anti-sense sequence, 5ʹ-GC

CUGUCCGUGCAAAUUCCTT-3ʹ, as in a previous study.19

Statistical Analysis
The associations between categorical variables were ana-

lyzed using the chi square test. Correlations between vari-

ables were assessed using Pearson’s correlation analysis.

Kaplan–Meier analysis was used to estimate the survival

curves, and the Log rank test was used to compare the patient

groups with positive and negative CD47 expression, and to

compare the groups between positive and negative LMP1

expression. Cox proportional hazards models were then used

to estimate the independent prognostic values (for predicting
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DFS and OS) of the variables in a multivariate analysis, with

hazard ratios (HRs) and 95% CIs being calculated. SPSS

version 22.0 (USA) was used for the statistical analyses and

P<0.05 was considered statistically significant.

Results
Clinicopathological Characteristics and

CD47 and LMP1 Expression
A total of 66 patients with non-metastatic NPC were

included in the study. The clinicopathological characteristics

are shown in Table 1. There were 50 (75.8%) male patients

and 16 (24.2%) female patients. The median age of the

patients was 49 years (range: 24–66 years). According to

the AJCC staging system (8th edition), there were six (9.1%)

stage II patients, 34 (51.5%) stage III patients, and 26

(39.4%) stage IVA patients at diagnosis. All patients under-

went chemoradiotherapy with or without adjuvant che-

motherapy, achieving complete remission by treatment.

A total of 26 (39.4%) patients underwent 3-dimensional

conformal radiotherapy and 40 (60.6%) patients underwent

intensity-modulated radiotherapy.

Both CD47 and LMP1 proteins were largely localized to

the cell membrane and/or cytoplasm of cancer cells in NPC

tissues (Figure 1). A total of 37 (56.1%) and 36 (54.5%)

samples were positive for CD47 and LMP1 expression,

respectively. CD47/LMP1 co-expression occurred in 29

(43.9%) samples.

Table 1 Associations of Clinicopathological Characteristics with CD47 and LMP1 Expression in 66 Non-Metastatic NPC Patients

Characteristics n CD47 LMP1

66 High Expression n (100%) χ2 P High Expression n (100%) χ2 P

Age (Years)

≤55 51 25 (49.0) 4.516 0.034 25 (49.0) 2.764 0.096

>55 15 12 (80.0) 11 (73.3)

Gender

Male 50 28 (56.0) <0.001 0.986 27 (54.0) 0.025 0.875

Female 16 9 (56.3) 9 (56.3)

T Stagea

1–2 26 14 (53.8) 0.999 0.607 13 (50.0) 0.458 0.795

3 20 10 (50.0) 11 (55.0)

4 20 13 (65.0) 12 (60.0)

N Stageb

0–1 22 10 (45.5) 6.705 0.035 10 (45.5) 2.200 0.333

2 33 17 (51.5) 18 (54.5)

3 11 10 (90.9) 8 (72.7)

Clinical Stagec

II 6 4 (66.7) 4.074 0.130 3 (50.0) 0.846 0.655

III 34 15 (44.1) 17 (50.0)

IVA 26 18 (69.2) 16 (61.5)

EBV DNAd

High 34 26 (76.5) 11.859 0.001 26 (76.5) 13.596 <0.001
Low 32 11 (34.4) 10 (31.3)

RT Technique

3D-CRT 26 16 (61.5) 0.523 0.470 16 (61.5) 0.846 0.358

IMRT 40 21 (52.5) 20 (50.0)

Recurrence

Yes 41 28 (68.3) 6.575 0.010 26 (63.4) 3.434 0.064

No 25 9 (36.0) 10 (40.0)

Notes: aDescribing the primary tumor site; bdescribing regional lymph node involvement; caccording to the American Joint Committee on Cancer (AJCC) Staging Manual (8th

edition); II: T0-1N1M0, T2N0-1M0; III: T3N0-2M0, T0-2N2M0; IVA: T4N0-2M0, any TN3M0; dlow, <100 IU/mL; high, >100 IU/mL. Bold numbers represent significant P-values.
Abbreviations: RT, radiotherapy; 3D-CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy.
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Next, we analyzed the associations of baseline clinico-

pathological characteristics with CD47 and LMP1 expres-

sion. CD47 expression was significantly associated with

N stage (χ2=6.71, P=0.035) and age (χ2=4.52, P=0.034).
However, there were no associations between clinicopatho-

logical characteristics and LMP1 expression (Table 1).

Prognostic Values of CD47 and LMP1

Expression in NPC Patients
At the time of data extraction, 41 (62.1%) patients had

relapsed and 25 (37.9%) patients had died. The mean

follow-up time was 49.3 months. The median disease-

free survival (mDFS) and median overall survival (mOS)

were 33.6 and 45.0 months, respectively. CD47 expression

was significantly associated with disease recurrence

(χ2=6.575, P=0.010; Table 1), but LMP1 expression was

not (χ2=3.434, P=0.064; Table 1). Kaplan–Meier analysis

and the Log rank test showed that patients with positive

CD47 expression (34.9 vs 67.7 months, P=0.002) and

positive LMP1 expression (34.9 vs 62.8 months,

P=0.012) had a significantly poorer disease-free survival

(DFS) compared with those with negative expression

BA

C D

E F

Figure 1 Immunohistochemical staining for CD47 and LMP1 in representative nasopharyngeal carcinoma (NPC) tissue samples. CD47-negative expression (A) and LMP1-

positive expression (B) in # 1,600,231 NPC metastatic lymph node tissue; CD47-positive expression (C) and LMP1-negative expression in # 1,704,160 NPC nasopharyngeal

tissue, (D); CD47-positive expression (E) and LMP1-positive expression (F) in # 1,508,532 NPC metastatic lymph node tissue.
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(Figure 2). Likewise, associations between positive CD47

expression and mOS (52.7 vs 80.4 months, P=0.021) and

between positive LMP1 expression and mOS (46.0 vs 80.4

months, P=0.010) were also observed using Kaplan–Meier

analysis and the Log rank test.

Multivariate Cox proportional hazards models

demonstrated that CD47 expression (HR=5.452, 95% CI:

1.375–21.615, P=0.016; Table 2) and age (HR=0.136,

95% CI: 0.047–0.400; P<0.001; Table 2) were indepen-

dent prognostic factors of DFS. However, LMP1

mDFS (months)

CD47≤10% 67.7

CD47>10% 34.9

P=0.002

mDFS (months)

LMP1≤10% 62.8

LMP1>10% 34.9

P=0.012

mOS (months)

LMP1≤10% 80.4

LMP1>10% 46.0

P=0.010

mOS (months)

CD47≤10% 80.4

CD47>10% 52.7

P=0.021
A B

C D

Figure 2 Prognostic values of CD47 and LMP1 expression in nasopharyngeal carcinoma (NPC) patients. Kaplan–Meier survival analysis and Log rank test demonstrated the

association between CD47-positive expression and both (A) median disease-free survival (mDFS) and (B) median overall survival (mOS) and the association between LMP1-

positive expression and both (C) mDFS and (D) mOS.

Table 2 Univariate and Multivariate Analyses of Prognostic Factors Predicting Disease-Free Survival (DFS) in 66 Non-Metastatic NPC

Patients

Factor Univariate Analysis Multivariate Analysis

HR 95% CI P value HR 95% CI P value

CD47 expression 2.804 1.422–5.529 0.003 5.452 1.375–21.615 0.016

LMP1 expression 2.266 1.177–4.362 0.014 2.698 0.588–12.383 0.202

CD47/LMP1 co-expression 2.380 1.272–4.454 0.007 0.473 0.074–3.013 0.428

Age (≤55 vs >55) 0.475 0.209–1.081 0.076 0.136 0.047–0.400 <0.001

Gender (male vs female) 0.809 0.394–1.661 0.564 1.590 0.612–4.134 0.341

T stage (0–3 vs 4)a 2.076 1.100–3.918 0.024 3.170 0.735–13.667 0.122

N stage (0–2 vs 3)b 0.358 0.165–0.774 0.009 0.299 0.088–1.012 0.052

TNM stage (II–III vs IVA stage)c 2.121 1.132–3.973 0.019 0.467 0.088–2.465 0.370

EBV copy number (low vs high)d 2.835 1.458–5.516 0.002 1.625 0.672–3.930 0.282

Radiation technique (3D-CRT vs IMRT) 1.198 0.609–2.356 0.602 1.546 0.748–3.195 0.239

Notes: aDescribing the primary tumor site; bdescribing regional lymph node involvement; caccording to the American Joint Committee on Cancer (AJCC) Staging Manual (8th

edition); II: T0-1N1M0, T2N0-1M0; III: T3N0-2M0, T0-2N2M0; IVA: T4N0-2M0, any TN3M0. dlow, <100 IU/mL; high, >100 IU/mL. Bold numbers represent significant P-values.
Abbreviations: HR, hazard ratio; CI, confidence interval; 3D-CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy.
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(HR=2.698, 95% CI: 0.588–12.833; P=0.202) was not an

independent predictor of DFS. This indicates that CD47,

but not LMP1, may be a prognostic factor of NPC.

CD47 Expression Associated with EBV

Infection in NPC
CD47/LMP1 co-expression (CD47+LMP1+) was observed

in 43.9% (29/66) of NPC patients. In addition, the correla-

tion between CD47 and LMP1 expression in NPC tissue

was remarkably significant (r=0.541, P<0.001; Table 3).

Moreover, high CD47 expression was significantly asso-

ciated with EBV-DNA copy number (χ2=11.86, P=0.001;

Table 1). These results indicate that CD47 expression was

associated with LMP1 expression and EBV infection.

CD47 and LMP1 Expression in Various

Human NPC Cell Lines
To assess CD47 and LMP1 protein expression in human

NPC cell lines, Western blotting was performed in EBV-

negative human NPC cell lines (SUNE-1, CNE-1, CNE-

2, and HONE-1 HK-1) and an EBV-positive human

NPC cell line (C666-1). As expected, CD47 and LMP1

protein expression in the EBV-positive C666-1 cell line

was notably higher compared to the EBV-negative cell

lines (Figure 3A and B). To confirm whether CD47

protein expression was associated with EBV infection,

we further assessed CD47 and LMP1 protein expression

in EBV-positive human NPC cells (CNE-2-EBV+) and

the EBV-negative parental cells (CNE-2). The protein

expression of CD47 and LMP1 in CNE-2-EBV+ cells

was obviously higher than in CNE-2 cells (Figure 3C).

Thus, the results confirmed that EBV infection upregu-

lated CD47 expression in EBV-positive human

NPC cells (CNE-2-EBV+) compared to EBV-negative

human NPC cells (CNE-2). Additionally, CD47 expres-

sion was positively associated with LMP1 expression in

EBV-positive NPC cell lines.

EBV Infection Enhanced CD47 Expression

via LMP1-Mediated Pathways in Human

NPC Cells
CNE-2-LMP1 cells (CNE-2 human NPC cell line trans-

fected with LMP1 plasmid) were used to further explore

the potential mechanisms of EBV-induced upregulation of

CD47 in NPC cells. The CD47 protein and mRNA levels

in CNE-2-LMP1 cells were significantly higher compared

with those in the control CNE-2-vector cells (Figure 3D).

In addition, we used siRNA to lower LMP1 expression in

CNE-2-LMP1 and CNE-2-EBV+ cells, which decreased

the CD47 expression (Figure 4A and B). These results

indicated that CD47 was induced by EBV infection via

LMP1-mediated pathways.

Discussion
In this study, we explored the expression and clinical

significance of CD47 and LMP1 in NPC, and we demon-

strated that CD47 expression, but not LMP1 expression,

was an independent prognostic factor of NPC. We further

observed the association between CD47 expression and

EBV infection in NPC and determined that EBV infection

enhanced CD47 expression via LMP1-mediated pathways

in human NPC cells.

CD47 functions as a crucial “ don’t eat me” signal on

tumor cells and is known to be a biomarker in several

carcinomas; it is overexpressed in various cancers, and can

be used to predict poor prognosis. To the best of our

knowledge, CD47 has not been previously investigated

as a potential NPC biomarker. We found that the positive

expression rate of CD47 protein was 56.1% in NPC tis-

sues, which is consistent with its expression rate in breast

cancer,10 pulmonary sarcomatoid carcinoma,12 and head

and neck squamous cell carcinoma.20 Thereafter, we

explored the associations between CD47 expression and

clinicopathological characteristics, along with the prognos-

tic value of CD47 expression, in NPC patients. CD47

expression was significantly associated with N stage and

age but not with T stage or clinical stage (Table 1). CD47

expression was also significantly associated with disease

recurrence and poorer DFS and OS, indicating that CD47

predicts poor prognosis in NPC patients. However, the

clinical significance of CD47 status in cancers appears to

be inconsistent. A study of squamous cell carcinoma of the

head and neck revealed that CD47 could not predict sev-

eral clinicopathological characteristics but could predict

OS.20 CD47 also predicted poor prognosis of other cancer

Table 3 Correlation Between the Expression of CD47 and LMP1

CD47 LMP1 Total r P

Negative Positive

Negative 22(33.3) 7(10.6) 29(43.9) 0.541 <0.001

Positive 8(12.2) 29(43.9) 37(56.1)

Total 30(45.5) 36(54.5) 66(100)
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types, including T-cell acute lymphoblastic lymphoma/

leukemia,13 and lung cancer.14 However, recent studies

revealed that CD47, which was associated with several

clinicopathological characteristics, was not an independent

predictor of poor DFS in breast cancer.10,11 The inconsis-

tency across different studies may be due to variations in

immunohistochemical techniques and differences between

the cancers, including type, stage, and treatment history.

We consider that CD47 is a feasible prognostic biomarker

of NPC patients. However, the factors that upregulate

CD47 expression were unclear.

We found that CD47 expression at the protein and

mRNA levels in NPC cells was positively associated with

EBV infection. NPC has been known as an EBV-driven

malignancy, characterized pathologically by prevailing

EBV infection5 and a microenvironment involving massive

immune infiltration.15,21 Detection of EBV-DNA in serum

by PCR can be used to diagnose primary EBV infection

with favorable sensitivity and specificity.22 EBV-DNA

detection has been used to screen for NPC in high-risk

populations23 and for predicting prognosis in early-stage

or metastatic/recurrent NPC.24,25 We observed that high
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CD47 expression was significantly associated with plasma

EBV-DNA copy number in NPC patients. Furthermore,

CD47 was expressed more highly on EBV-positive human

NPC cells (C666-1) and constructed EBV-positive human

NPC cells (CNE-2-EBV+) compared to EBV-negative

cells. This result is similar to the results of previous studies

of CD47 expression on EBV-driven transformed B cells17

and EBV-driven gastric cancer cells.18 These results, found

in the present study and previous studies, implies that EBV-

driven cancers undergo immune escape by upregulating

CD47 expression.26,27 However, how CD47 is upregulated

during EBV transformation was unclear. The EBV-encoded

oncoprotein LMP1 may be essential for EBV-mediated

malignant transformation. Thus, we further explored the

role of LMP1 in EBV transformation.

LMP1 is a well-recognized initiator in EBV-associated

NPC.7 Emerging evidence shows that LMP1 mediates

immune evasion by NPC by modulating the tumor

microenvironment.19,28 In accordance with a previous

study,29 LMP1 expression was significantly associated with

poorer DFS and OS in our study. There was a remarkably

significant correlation between CD47 expression and LMP1

expression in both NPC tissue and cell lines. Furthermore,

we found that upregulating or downregulating LMP1 expres-

sion significantly increased or decreased CD47 expression,

respectively. Our study demonstrated that LMP1 upregulated

CD47 expression in EBV-driven NPC. However, the detailed

mechanism underlying the LMP1-mediated regulation of

CD47 during EBV transformation needs to be further

explored in a future study. Casey et al revealed that the

MYC oncogene can regulate the antitumor immune response

by directly binding to the promoters of the CD47 and pro-

grammed death ligand 1 (PD-L1) genes.30 Interleukin (IL)-6

has been demonstrated to upregulate CD47 expression on

hepatoma cells by activating the signal transducer and acti-

vator of transcription 3 (STAT3) pathway.31 In addition,

LMP1 upregulated c-myc via IL-6 induction followed by

Jak3/STAT3 activation32 and it also upregulated PD-L1 via

the STAT3, activator protein (AP)-1, and nuclear factor (NF)-

kappa B pathways.19 Therefore, we infer that LMP1 may

upregulate CD47 expression via the c-myc/IL-6/STAT3 path-

way. We will seek an answer to this puzzle in our next study.

This study has several limitations. First, the study is

a retrospective study with a limited number of samples,

which might have resulted in bias in the conclusions.

Second, CD47 expression was assessed only at the protein

level in some experiments, and it is necessary to use PCR

and immunofluorescence assays to analyze the CD47

expression in more detail. Third, no definitive mechanisms

underlying CD47 upregulation were determined, and they

need to be investigated further in future research.

However, our study still provided useful clues for explor-

ing CD47-targeted therapy and understanding immune

escape during EBV transformation.

In conclusion, higher CD47 expression is associated

with poor DFS and OS. In EBV-driven NPC, EBVenhances

CD47 expression via LMP1-mediated pathways. To our

knowledge, this is the first study to explore the expression

and prognostic value of CD47 in NPC and the mechanism

underlying CD47 upregulation in EBV-driven NPC. Our

results imply that CD47 could be used as a new prognostic

marker and a potential therapeutic target in NPC.
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