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CD73 is associated with poor prognosis in HNSCC
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AbstrAct
CD73 is a cell surface immunosuppressive enzyme involved in tumor progression 

and metastasis. While patients whose cancer cells express elevated CD73 are typically 
associated with an unfavorable outcome, the clinical impact of CD73 expression in 
patients with Head and neck squamous cell carcinoma (HNSCC) remains unclear. In 
the present study, we investigated the prognostic significance of CD73 in HNSCC using 
gene and protein expression analyses. Our results demonstrate that high levels of 
CD73 are significantly associated with reduced overall survival in patients with HNSCC. 
We also investigated the functional role of CD73 in vitro and demonstrated that CD73 
promotes HNSCC migration and invasion through adenosine A3R stimulation and the 
activation of EGF/EGFR signaling. Moreover, in vivo xenograft studies demonstrated 
that CD73 promotes tumorigenesis. In conclusion, our study highlights a role for CD73 
as a poor prognostic marker of patient survival and also as a candidate therapeutic 
target in HNSCCs.

INtrODUctION

Head and neck squamous cell carcinoma (HNSCC) is 
the sixth most common cancer in the world, accounting for 
nearly 3% of all cancers. HNSCC is the most common and 
lethal histopathological type of head and neck cancer with a 
5-year survival rate of about 50% [1, 2]. Each year, 500,000 
patients will receive a new diagnosis of HNSCC [3]. 
Despite significant research advances in our understanding 
of the prevention, diagnostics, and treatment strategies 
for this disease, the survival rate of patients with HNSCC 
has shown minimal improvements [4–10]. The mortality 
rate of HNSCC remains high due to resistance to therapy, 
driving local recurrences and distant metastases. Thus the 
development of novel therapies and improved understanding 
of the mechanisms underlying HNSCC invasion and 
metastasis represent issues of critical, clinical significance.

CD73 is a 70-kD, glycosyl-phosphatidylinositol 
(GPI) anchored cell surface enzyme encoded by NT5E, also 
known as 5′-nucleotidase (5′-NT) or ecto-5′-nucleotidase 

(ecto-5′-NT). CD73 was originally described as a 
lymphocyte differentiation antigen, shown to catalyze the 
dephosphorylation of extracellular adenosine monophosphate 
(AMP) to adenosine [11, 12]. In addition to its enzymatic 
function, CD73 is also an adhesive and signal molecule 
mediating cancer invasive and metastatic properties by 
regulating cell interaction with the extracellular matrix 
(ECM) [13, 14]. Indeed, the enzymatic and non-enzymatic 
functions of CD73 are not completely independent of each 
other and both have been noted to be involved in cancer-
associated processes.

CD73 is overexpressed in many types of cancer, 
associated with unfavorable clinical outcomes [15–18]. 
While increasing evidence has suggested that CD73 is 
a key regulatory molecule in cancer development, the 
clinical importance of CD73 in HNSCC remains unclear. 
Our previous studies have suggested that high levels of 
CD73 are associated with a worse prognosis in patients 
with HNSCC. However, we still know very little about the 
role of CD73 in the pathobiology of HNSCC. 
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The objective of this study was thus to assess the 
prognostic significance of CD73 in human HNSCC, and 
to further explore the role of CD73 in cancer cell invasion 
and metastasis.

resUlts

cD73 expression is associated with lymph node 
metastasis and poor prognosis

To assess protein expression of CD73 in human 
HNSCC, we performed immunohistochemical staining 
of CD73 in human HNSCC tissue including normal oral 
mucosa (n = 51), epithelial dysplasia (n = 11) and HNSCC 
(n = 162). We found that CD73 is mostly located in the cell 
membrane and cytoplasm of HNSCC cells (Figure 1A). 
Quantification analysis revealed that CD73 expression in 
epithelial dysplasia and HNSCC is strongly positive as 
compared to the normal oral mucosa (P < 0.05 and P < 
0.001, Figure 1B). Using follow-up data from 162 HNSCC 
patients, we plotted Kaplan–Meier overall survival 
curves and analyzed whether CD73 expression affected 
overall survival (OS). Positive staining was observed in 
61.7% (100 of 162) of HNSCC samples. Kaplan–Meier 
survival analysis demonstrated that positive expression 
of CD73 was significantly associated with a poor 5-year 
OS (P = 0.002; Figure 1C). Multivariate Cox regression 
analyses revealed that CD73 expression is an independent 
prognostic factor for poor OS (P = 0.003; Table 1). 
Moreover, the relationship between CD73 expression 
and clinicopathological characteristics were evaluated, 
highlighting a direct association between CD73 expression 
and lymph node metastasis (P < 0.0001; Table 2). To 
further explore whether CD73 is associated with HNSCC 
progression we compared CD73 expression in different 
grades, T categories and N categories of HNSCC (Figure 
S1A, S1B and S1C). While no difference was observed 
between different Grades or T categories, we did identify 
a statistically significant difference between CD73 
expression in specimens with lymph node metastasis (N+) 
and versus those where lymph node metastasis was not 
observed (N−). Expression of CD73 protein levels and 
mRNA levels were examined in eight fresh tumor samples 
(four N+ and four N−) by Western blot and real time PCR. 
Both CD73 protein levels and mRNA levels in N+ patients 
were higher than those observed in N− patients (Figure 1D 
and Figure 1E).

the effect of cD73 on the invasion, migration 
and eMt process in HNscc cell

To determine whether the CD73 is involved in 
invasion and/or migration of HNSCC, we performed 
in vitro assays using HNSCC cell lines. As shown in 
Figure 2A, CD73 expression was upregulated at the protein 
level in HNSCC cell lines (CAL27, HN13, HN4, SCC25, 

SCC9, SCC4) relative to normal keratinocytes (OKC). 
CAL27 and HN4 cell lines had the highest expression of 
CD73 and were used for subsequent in vitro studies. To 
evaluate the impact of CD73 on invasion and migration 
of HNSCC cells, siRNAs targeting CD73 were designed 
(Figure 2B). Wound healing and Boyden chamber invasion 
assay demonstrated that CD73 knockdown notably 
decreased the cell mobility of CAL27 cell line, leading to 
a significant difference in the number of migrating cells 
between the control group and the siRNA treatment group, 
respectively (P < 0.01) (Figure 2C). Similarly, knockdown 
of CD73 also significantly decreased the number of 
invasive cells as compared with those observed in the 
control group (P < 0.01) (Figure 2D). 

To better understand the mechanism by which 
CD73 modulates metastasis of HNSCC, we explored the 
effect of CD73 on Epithelial-Mesenchymal Transition 
(EMT), via the presence/absence of epithelial marker 
E-cadherin, N-cadherin, Vimentin, Twist, Snail and 
EMT transcriptional factor Slug. Weston Blot analysis 
demonstrated that knockdown of CD73 suppressed 
the protein expression of N-cadherin, Twist, Snail and 
Slug, partially suppressed Vimentin, but increased the 
expression of E-cadherin in CAL27 cell line (Figure 2B). 
These findings suggest that knockdown of CD73 may 
inhibit EMT progression.

cD73 promotes invasion and metastasis of 
HNscc through adenosine A3 and A2A  
receptor stimulation

Surface bound CD73 converts AMP to adenosine. 
Adenosine, acting through G-protein coupled receptors 
(i.e. adenosine A1, A2A, A2B, and A3 receptors), has been 
known to promote tumor growth, migration and invasion. 
However, the effect of CD73’s enzyme activity on the 
migration and invasion of HNSCC cancer cells has not 
been investigated. Our results demonstrate that CD73 is 
co-expressed with A3R and A2AR (Figure 3A). Western 
blot results confirm that when expression of CD73 was 
suppressed, the expressions of A3R and A2AR were also 
reduced (Figure 3B). To address the contributions of A3R 
to the migration and invasion-promoting effects of CD73, 
we treated the CAL27-siRNA cells with MRS3588 – a 
specific A3R agonist. Upon treatment with MRS3588, cell 
migration and invasion significantly increased (Figure 3C 
and Figure S2A), while treatment with other adenosine 
receptor agonists did not alter these properties (Figure 
S2B–S2G). Taken together, these data demonstrated that 
CD73 promotes HNSCC migration and invasion via the 
adenosine A3R stimulation.

To better understand the mechanism by which A3R 
contributes to the changes in migration and invasion 
mediated by CD73, we treated both the CAL27-control 
and CAL27-siRNA cells with MRS3588, and detected 
changes in E-cadherin, N-cadherin, Vimentin and 
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Figure 1: cD73 expression is upregulated and associated with poor prognosis in Head and Neck squamous cell 
carcinoma (HNscc). (A) Representative immunohistochemical staining (IHC) of CD73  in head and neck squamous cell carcinoma 
tissue (left) as compared to normal oral mucosa (right) (Scale bars = 100 μm); (b) Quantification of histoscores of CD73 expression in 
normal oral mucosa (n = 51), epithelial dysplasia (n =11) and HNSCC (n = 162), *P < 0.05, ***P < 0.001; (c) Patients with high CD73 
expression have a poor prognosis as compared to patients with low expression (P = 0.002, n = 162), Significance of differences in survival 
between patient groups was estimated by log-rank test; (D) Western blot analysis of the protein expression of CD73 in patients with/
without Lymph node. GAPDH was used as loading control; (e) Relative CD73 mRNA expression was detected by RT-PCR in patients with 
versus without Lymph node metastasis. The data were presented as the means ± SEM. One-way ANOVA with post-Dunnett analysis was 
performed using GraphPad Prism 5. *P < 0.05, **P < 0.01 versus the control group. (n = 3).
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EMT transcriptional factor Slug. Knockdown of CD73 
suppressed expression of N-cadherin and Slug, partially 
suppress Vimentin expression, and resulted in increased 
expression of E-cadherin in the CAL27 cell line. 
Notably, MRS3588 could reduce the changes induced by 
knockdown of CD73 (Figure 4A).

cD73 promotes invasion and metastasis of 
HNscc through eGFr signaling pathway

siRNA-mediated suppression of CD73 in cancer cells 
led to downregulation of p-EGFR and p-Src (Figure 4B), 
while SSG (a Src activator) treatment led to a further 
decrease in p-EGFR expression. This finding demonstrates 
that CD73 regulates EGFR phosphorylation via p-Src 
(Figure 4C). When CD73 expression was suppressed by 
siRNA, inhibition of p-EGFR, p-AKT, p-FAK and p-ERK 
was observed. Meanwhile, the expressions of EGFR, AKT, 
FAK and ERK were not affected (Figure S3A). To validate 
our findings, we performed Western blot analysis to detect 
changes in EGFR signaling pathway at 5 min, 15 min, 30 
min, 45 min, 1 h, 4 h, 12 h, 24 h following EGR treatment. 

Our results demonstrated that EGFR signaling pathway 
was activated within 5 min of EGF treatment. Moreover, 
p-EGFR was rapidly degraded in the CD73-siRNA group, 
with a degradation speed in the CD73-siRNA group 
that was faster than that observed in the control group 
(Figure S3B). Grey value curves were generated using 
Image-J software (Figure S3C) and the area under curve of 
control group was greater than that of CD73-siRNA group, 
suggesting that CD73 promoted downstream signaling of 
EGF/EGFR.

targeting cD73 blocks tumor growth, invasion 
and metastasis of HNscc in vivo

Based on our in vitro findings, we investigated 
whether CD73 could promote invasion and metastasis 
of HNSCC in vivo. A xenograft tumor model was 
established via subcutaneous injection of CAL27 and 
HN4 cells into nude mice. siRNA-mediated suppression 
of CD73 significantly inhibited tumor growth, and 
reduced tumor volume (P < 0.001) (Figure 5A) and tumor 
weight (P < 0.001) (Figure 5B). Immunohistochemistry 

table 1: cox proportional hazards regression models in estimating cancer development

Variables
Overall survival

P
Hr 95%

Univariate analysis
CD73 expression
Positive VS negative 2.472 1.367–4.469 0.003
Gender
Male VS female 1.017 0.512–2.020 0.961
Age 
< 60 VS ≥ 60 1.008 0.983–1.033 0.539
Smoking 
Yes VS no 0.790 0.378–1.650 0.530
Drinking 
Yes VS no 0.910 0.422–1.962 0.811
Tumor stage
3–4 VS 1–2 1.355 1.025–1.791 0.033
Lymph node metastasis
+ VS − 1.676 1.230–2.282 0.001
Clinical stage
3–4 VS 1–2 1.433 1.034–1.986 0.031
Histological type
Poor VS well-moderate 1.312 0.986–1.744 0.062
Multivariate analysis
CD73 expression
Lymph node metastasis

2.370
1.765

1.306–4.466
1.203–2.348

0.005
0.002

CI, confidence interval; HR, Hazard ratio.
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confirmed that CD73 knockdown resulted in suppression 
of N-cadherin and Slug, partial suppression of Vimentin, 
and increased E-cadherin expression (Figure 5C). These 
findings suggest that knockdown of CD73 could inhibit 
EMT progression and that targeting CD73 can reduce tumor 
growth, invasion and metastasis of HNSCC cells in vivo.

DIscUssION

Previous studies have demonstrated that CD73 
expression correlates with increased invasion, migration, 
and lymph node metastasis of breast [19], ovarian [18] and 
prostate cancers alike [20]. Moreover, some groups have 
reported that CD73 expression correlates with metastasis 
in breast cancer cell lines and in mouse models of this 
disease [21]. However, little is known about the role of 
CD73 gene in HNSCC. In the present study, we conducted 
in vitro and in vivo experiments to determine the clinical 

significance of CD73 in HNSCC and further characterize 
the molecular mechanisms by which this gene contributes 
to disease pathogenesis.

Our results revealed that CD73 is significantly 
associated with a poor prognosis in HNSCC. Both gene 
expression and protein expression analyses confirmed 
the prognostic significance of CD73 in HNSCC, thus 
consistent with findings reported in other cancers. 
Overexpression of CD73 has been observed in numerous 
types of cancers, and its clinical significance has also been 
confirmed by correlative analysis. In breast cancer, Loi 
et al. demonstrated that CD73 expression was significantly 
associated with a worse prognosis in triple negative 
breast cancer patients [15]. In cancers of the digestive 
system, researchers evaluated the clinical significance 
and prognostic value of CD73 in human gastric [16] and 
gallbladder cancers [17]. They revealed that the overall 
survival rate was low in patients with high expression 

table 2: Association between the patient’s clinicopathological characteristics and cD73 expression 
in 162 HNscc patients

clinicopathological features No.
cD73 expression

X2 P
Negative (%) Positive (%)

Gender 0.981 0.277
 Male 100 35 (35.0%) 65 (65.0%)
 Female 62 27 (43.5%) 35 (56.5%)
Age, years 0.768 0.238
 < 60 87 36 (41.4%) 51 (58.6%)
 ≥ 60 75 26 (34.7%) 49 (65.3%)
Smoking 0.282 0.360
 Yes 59 21 (35.6%) 38 (64.4%)
 No 103 41 (39.8%) 62 (60.2%)
Drinking 0.872 0.226
 Yes 46 15 (32.6%) 31 (67.4%)
 No 116 47 (40.5%) 69 (59.5%)
Tumor stage 3.453 0.056
 3–4 33 8 (24.2%) 25 (75.8%)
 1–2 129 54 (41.9%) 75 (58.1%)
Clinical stage 4.753 0.021
 3–4 67 19 (28.4%) 48 (71.6%)
 1–2 95 43 (45.3%) 52 (54.7%)
Lymph node metastasis 4.175 0.000
 + 52 10 (19.2%) 42 (80.8%)
 − 110 52 (47.3%) 58 (52.7%)
Histological type 0.136 0.460
 Poor 14 6 (42.9%) 8 (57.1%)

 Well- Moderate 148 56 (37.8%) 92 (62.2%)
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Figure 2: Knockdown of cD73 decreases migration and invasion in HNscc cell lines. (A) CD73 expression was detected in 
one normal oral epithelial cells and six HNSCC cell lines. The relative intensity of CD73, in each cell line, divided by the intensity of GAPDH; 
(b) E-cadherin, N-cadherin, Vimentin, Twist, Snail and Slug levels in. CAL27 cells were evaluated following siRNA –mediated suppression 
of CD73. GAPDH was the internal standard for protein loading. The values are presented as the means ± SEM. One-way ANOVA with post-
Dunnett analysis was performed using GraphPad Prism5. *P < 0.05, **P < 0.01 versus the control group.(n = 3); (c) Knockdown of CD73 
resulted in suppressed cell mobility of CAL27 cell line, and quantification of cell numbers with ImageJ “cell counter” module shows the 
statistical significance of the difference (Mean ± SEM; **P < 0.01, student t-test with GraphPad Prism5.0), (Scale bars = 200 μm); (D) Cell 
migration abilities of CAL27 were impaired following knocking down of CD73, compared with those of control group, and quantification of 
cell numbers with Image J “cell counter” module (Mean ± SEM; **P < 0.01, student t-test with GraphPad Prism5.0, (Scale bars = 200 μm).
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Figure 3: cD73 promotes invasion and metastasis of HNscc through adenosine A3 receptor stimulation. (A) Confocal 
immunofluorescence microscopy of CD73 and A1R, A2AR, A2BR, A3R co-expression in CAL27 cells; (b) CAL27 cells were treated with 
siRNA for CD73, then the A1R, A2AR, A2BR and A3R levels were determined. GAPDH was the internal standard for protein loading. The 
values are presented as the means ± SEM. One-way ANOVA with post-Dunnett analysis was performed using GraphPad Prism5. *P < 0.05, 
**P < 0.01 versus the control group. (n = 3); (c) Transwell assay demonstrated that CAL27 cell invasion was impaired following knocking 
down of CD73 compared with those of control group. These findings could be reversed using MRS3588, an agonist of A3R, quantification 
of cell numbers with Image J “cell counter” module (Mean ± SEM; **P < 0.01, versus control-si group, ##P < 0.01, versus the CD73-si 
group, student t-test with GraphPad Prism5.0), (Scale bars = 200 μm).
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Figure 4: eGFr and adenosine signaling pathways are involved in cD73-dependent eMt in HNscc cells. (A) CAL27 
cells were treated with siRNA targeting CD73 or control siRNA followed by incubation with MRS3588 for another 36 h. E-cadherin, 
N-cadherin, Vimentin and Slug levels were evaluated. GAPDH was the internal standard for protein loading. One-way ANOVA with 
post-Dunnett analysis was performed using GraphPad Prism5.*P < 0.05, versus the si-control group, #P < 0.05, versus the CD73-si group. 
(n = 3); (b) CAL27 cells were treated with siRNA for CD73, then the p-Src, p-EGFR, E-cadherin, N-cadherin, Vimentin and Slug levels 
were determined. GAPDH was the internal standard for protein loading. The values are presented as the means ± SEM. One-way ANOVA 
with post-Dunnett analysis was performed using GraphPad Prism5. *P < 0.05, **P < 0.01 versus the control group.(n = 3); (c) CAL27 
cells were treated with siRNA against CD73 or control siRNA followed by incubation with SSG for another 24 h, then the p-Src, p-EGFR, 
E-cadherin, N-cadherin, Vimentin and Slug levels were determined. GAPDH was the internal standard for protein loading. One-way 
ANOVA with post-Dunnett analysis was performed using GraphPad Prism5. *P < 0.05, versus the siRNA-control group, #P < 0.05, versus 
the CD73-si group. (n = 3).
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of CD73. Moreover, overexpression of CD73 positively 
correlated with tumor differentiation, depth of invasion, 
nodal status, metastasis, and cancer stage. In hematologic 
neoplasms, Serra et al., investigated the clinical 
significance of CD73 in chronic lymphoblastic leukemia 
and found that overexpression of CD73 was associated 
with a more aggressive clinical behavior [22].

During tumor progression and metastasis, tumor 
cells employ multiple pathways to evade immune 
surveillance [23, 24], including changes in adenosine 
signaling [25–27]. CD73 plays a critical role in catalyzing 

the hydrolysis of AMP into adenosine [28]. To mediate its 
immunosuppressive function, CD73 generated adenosine 
can bind to 4 distinct G-protein-coupled receptors: A1R, 
A2AR, A2BR, and A3R, exerting its effect on immune 
system through multiple pathways [12, 29, 30].

We found that CD73 could promote invasion 
and metastasis of HNSCC through adenosine receptor 
(especially in adenosine receptor 3) stimulation and 
confirmed that CD73 and adenosine signaling played a 
crucial role in tumor progression and metastasis. However, 
it should be noted that the adenosine receptor A3R, but 

Figure 5: si-cD73 inhibits HNscc tumor growth and suppress eMt in vivo. (A) Tumor growth curve of siRNA-CD73 mice 
and control mice. Data represent the mean ± SEM. of eight mice in each group. *P < 0.05, **P < 0.01, ***P < 0.001 by the Student’s 
t-test; (b) Dissected tumors were photographed. The tumor volume and weight were measured. ***P < 0.001 by the Student’s t-test; (c) 
Representative images of immunohistochemical analysis of CD73, p-EGFR, p-Src, A3R, Slug, E-cad, N-cad and Vimentin in tumors, (Scale 
bars = 100 μm).
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not A2AR or A2BR, played the most important role in 
tumor progression and metastasis of HNSCC. Notably, 
our results conflict with previous publications. The vast 
majority of published research suggests that A2AR or 
A2BR are the functional adenosine receptors, and thus 
contribute to suppression of antitumor immune response 
and promote tumor growth [18, 31–33]. We believed that 
the main reason for the discrepancy between our results 
and those previously published findings is the specific 
cancer types investigated, however this hypothesis needs 
to be confirmed in future studies.

Another finding of our study was the observation 
that CD73 enhanced invasion and metastasis of HNSCC 
cells, mediated by activation of EGF/EGFR signaling, 
and its downstream phosphorylation of FAK. Some 
studies [34–37] have suggested CD73 promotes cancer 
cells proliferation via other molecules, independent 
of adenosine, such as EGFR. By example, Zhi et al. 
found that CD73 modulated EGFR expression and 
phosphorylation in human breast cancer [19]. More 
recently, studies have suggested that CD73 expression may 
serve as a potential marker for cetuximab in colorectal 
cancer and implicated the HER axis signaling and immune 
modulation as potential mechanisms of cetuximab action 
and sensitivity [38, 39]. While our results support the 
above conclusion, these results need to be confirmed in 
future studies.

In summary, our data demonstrates that CD73 is 
associated with HNSCC with poor prognosis. CD73 
mediated adenosine signaling pathways and EGFR 
phosphorylation to improve malignant behaviors of 
HNSCC. Thus, CD73 may be a potential prognostic 
biomarker, and a therapeutic target in HNSCC. Our study 
thus sheds new light on the protumorigenic effects of 
CD73 in HNSCC.

MAterIAls AND MetHODs

Patient population, generation of stable cell lines 
and reagents

We performed a retrospective analysis of atients 
diagnosed with HNSCC at the Shanghai Ninth People’s 
Hospital, between December 2006 to 2008. Following 
central pathology review, tumors with a histology other 
than squamous cell carcinoma were excluded. Patients 
who received radiation, chemotherapy or other treatments 
before surgery were also excluded. 162 patients were 
included in the final analysis. This study was approved 
by the Ethics Committee of Ninth People’s Hospital, 
Shanghai Jiao Tong University School of Medicine. 
Informed consent was obtained from each patient.

Human HNSCC cell lines CAL27 was obtained from 
the American Type Culture Collection (Manassas, VA). 
WSU-HN4 was obtained in December 2008 from the 
laboratory of Dr. Li Mao (University of Maryland Dental 

School, Maryland, USA). Both cell lines were maintained 
in Dulbecco’s modified Eagle’s medium (DMEM) and 
the HMS-001 in DMEM/F12 supplemented with 10% 
FBS, L-glutamine, sodium pyruvate, nonessential amino 
acids, and a vitamin solution, and incubated at 37°C 
in 5% CO2 and 95% Air. The identity of both cell lines 
was authenticated using short tandem repeat testing 
within 6 months of cell use. CD73 gene silencing was 
performed using lentiviral vectors expressing a siRNA-
encoding plasmid targeting human CD73 (NM-002526; 
Neuron Biotech) or GFP as control (target sequence: 
50-GCCGCTTTAGAGAATGCAACA-30) followed by a  
one-week selection in 1 mg/mL puromycin. Stable 
silencing of CD73 was assessed by western blot.

Sodium stibogluconate (SSG, a Src activator), 
PP2 (Src kinase inhibitor), adenosine receptor 1 (A1R) 
2-chloro-N (6)-cyclopentyladenosine (CCPA), adenosine 
receptor 2A (A2AR) ALT-146e, adenosine receptor 2B 
(A2BR) BAY-60-6583, and adenosine receptor 3 (A3R) 
MRS3588 were purchased from Sigma-Aldrich. Antibodies 
against GAPDH were purchased Santa Cruz Biotechnology 
(Santa Cruz, CA) while E-cadherin, N-cadherin, vimentin, 
Twist, Snail and Slug were purchased from Cell Signaling 
Technology Inc. (Beverley, MA). 

Wound healing assay

CAL27 or WSU-HN4 cells were seeded in 6-well 
plates (Corning Life Sciences, USA) at 1.0 × 105 cells/well. 
When cells reached 80% confluence, the center of each 
well was scratched with a sterile pipette tip to generate 
a constant gap, and the cells were allowed to incubate 
with DMEM medium without FBS for an additional 36 
hours. After fixation, cells were photographed under phase 
microscopy and counted as previously described.

transwell invasion assays

Transwell (6.5 mm) with 8 μm pore polycarbonate 
membrane inserts (Corning, Albany, NY) were embedded 
with 120 μg matrigel (BD Biosciences, San Jose, CA, 
USA) and 100 μg gelatin (Sigma-Aldrich, St Louis, MO, 
USA) in DMEM. CAL27 or WSU-HN4 cells (1 × 105 per 
well) were added to the Matrigel-embedded inserts (the 
top chambers) in serum-free medium, and the inserts were 
placed into the bottom chambers containing 10% FBS 
media. The cells in the upper chamber were carefully 
removed with cotton swab after incubation for 36 h at 
37°C. Cells that had invaded through Matrigel were 
stained with Hematoxylin, photographed and quantified.

Quantitative real-time rt-Pcr

Quantitative Real-Time RT-PCR was performed 
to evaluate the expression of CD73 and EGFR-related 
signaling genes in HNSCC cell lines. In brief, total 
RNA was extracted using Trizol (Takara, Kyoto, Japan) 
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and treated with RNase-free DNase I (Takara) to avoid 
genomic DNA contamination. RNA aliquots (1 μg) were 
reverse transcribed to cDNA (20 μl) using PrimeScriptTM 
RT Kit (Takara). PCR amplification using 2 μl cDNA was 
carried out using SYBR® Premix EX TaqTMIIqPCR mix 
(Takara) on ABI7500 Real-Time PCR system (Applied 
Biosystems). GAPDH or 18sRNA was used as an internal 
control, and reactions were run in triplicate, with the 
results being averaged. Table S1 showed the primer 
sequences used in this study. The relative expression of 
genes was calculated using the ΔΔCt method.

Western blot analysis

Whole cell extracts were prepared and Western 
blot analysis was conducted with indicated antibodies as 
previously described [40, 41]. Briefly, cells were lyzed and 
supernatants collected. Forty micrograms of each sample 
were separated by SDS-PAGE to detect CD73, EGFR/p-
EGFR, FAK/P-FAK, AKT/p-AKT, ERK/p-ERK, p-Src, 
A1R, A2AR, A2BR, and A3R expression levels with GAPDH 
as a protein loading control. The samples were transferred 
onto polyvinylidenefluoride membranes (Millipore, 
Billerica, MA), blocked with 5% nonfat dry milk and 
powder in 0.05% Tris-buffered saline and Tween 20 (TBST) 
for 1 h at room temperature, then incubated overnight at 
4°C with specific antibodies. The membranes were washed 
three times and incubated for 1 h at room temperature with 
peroxidase-conjugated secondary antibodies. Blots were 
then developed by West Pico enhanced chemiluminescence 
detection kit (West Pico, Thermo). Primary antibodies 
against CD73 (IE9), EGFR (A-10), p-EGFR (Thr1068), 
and p-Src (9A6) were purchased from Santa Cruz 
Biotechnology, FAK/P-FAK (Tyr925), AKT (62A8)/p-AKT 
(Thr308), ERK/p-ERK (Thr202/Tyr204) were purchased 
from Cell Signaling Technology, A1R, A2AR, A2BR, and A3R 
were purchased from Novus Biologicals.

Immunohistochemistry

Immunohistochemistry analysis was conducted with 
indicated antibodies as previously described [42]. Paraffin-
embedded 3 μm-thick sections were deparaffinized, 
rehydrated and heated with citric acid buffer at 95°C 
for 20 min for antigen retrieval. Sections were cooled and 
immersed in 0.3% hydrogen peroxide for 20 min to block 
endogenous peroxidase activity, rinsed in phosphate-
buffered saline (PBS) for 5 min and blocked with 3% 
bovine serum albumin (BSA) at room temperature 
for 20 min. Tissues were incubated with the indicated 
primary antibodies in a humidified chamber overnight 
at 4°C. After several washes with PBS, the sections 
were incubated with horseradish peroxidase (HRP)-
labeled goat anti-mouse or goat ant-rabbit secondary 
antibody (Gene Tech; Shanghai, China) for 45 min  
at 37°C. Diaminobenzene was used as the chromogen, 

and hematoxylin was used to counterstain nuclei. The 
sections were dehydrated, cleared and mounted. Staining 
was independently evaluated by an expert pathologist, 
who was blinded to the clinical information.

The correlation between CD73 and adenosine 
receptors was investigated by double immunostaining of 
CD73, using 4 adenosine receptors. CAL27 or HN4 cells 
were seeded onto coverslips at a density of 105/mL and 
cultured in a 6-well plate for 24 hours. Cells were washed 
twice in PBS and fixed in 4% paraformaldehyde for half 
an hour. Cells were permeabilized in 0.2% Triton X-100 
in PBS for 10 minutes, and blocked by non-immune goat 
serum for an hour at room temperature. Cells were then 
incubated at 4°C overnight respectively, with CD73 (1:200 
dilution, Santa Cruz) and after the PBS washout, A1R, 
A2AR, A2BR, and A3R -conjugated secondary antibodies 
(1:200 dilution, Novus) were used for detection and DAPI 
for nucleus counterstaining. The coverlips were mounted 
on microscope slides with antifade mounting media 
(Molecular Probes, Carlsbad, CA, USA) and photographed 
with a fluorescence microscope (Leica).

Animal studies 

All animal proposals were approved and supervised 
by the institutional animal care and use committee of Ninth 
People’s Hospital, Shanghai Jiao Tong University School 
of Medicine. Institutional guidelines for the proper and 
humane use of animals in research were followed. Male 
BALB/c nude mice 4–6 weeks of age were housed in the 
Experimental Animal Center of Ninth People’s Hospital, 
Shanghai Jiao Tong University School of Medicine in 
pressurized ventilated cages according to institutional 
regulations. CAL27 cells (1 × 106 in 0.1 mL of medium) (or 
HN4 cells, 2 × 106 in 0.1 mL of medium) were inoculated 
subcutaneously into the flank of mice as control group 
(n = 4). CAL27 CD73 siRNA cells (1 × 106 in 0.1 mL of 
medium) (or HN4 cells, 2 × 106 in 0.1 mL of medium) 
were inoculated subcutaneously into the flank of these 
mice (n = 4) in the experimental group. After 6 weeks, the 
mice were sacrificed, and tumor weight was recorded.

statistical analysis

All data is presented as mean ± SEM. Data were 
analyzed and visualized using Graph-Pad Prism 5.0. One 
way analysis of variance followed by post Tukey Test was 
used to determine statistical differences between control 
group and treatment group. Kaplan-Meier survival curves 
for different strata were plotted for overall survival and 
disease-free survival. All experiments were independently 
repeated in triplicate. All tests were two-sided and no 
corrections were applied for multiple significance testing, 
with significance was defined as a p < 0.05, Statistical 
analysis was conducted using IBM SPSS Statistics 20 
(IBM Corporation, NY, USA).
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