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Abstract

Elevated adenosine generated by CD73 (ecto-5"-nucleotidase; NT5E) could boost im-
munosuppressive responses and promote immune evasion in the tumor microenvi-
ronment. However, despite the immune response, CD73 could also promote tumor
progression in a variety of cancers, and the nonimmunologic role and corresponding
molecular mechanism of CD73 involved in head and neck squamous cell carcinoma
(HNSCC) progression are not well characterized. Here, we demonstrated that CD73/
NT5E is overexpressed in HNSCC tissues and predicts poor prognosis. Suppression of
CD73 inhibited the proliferation, migration, and invasion of HNSCC cell lines (CAL27
and HNA4) in vitro and in vivo. Gene set variation analysis (GSVA) and gene set enrich-
ment analysis (GSEA) predicted that CD73 may be involved in invadopodia formation
and MAPK signaling activation. As expected, knockdown of CD73 inhibited the MAPK
signaling pathway, and the suppressive effect of CD73 knockdown on proliferation,
migration, invasion, and invadopodia formation was reversed by a MAPK signaling
activator. Our results suggest that CD73 could promote the proliferation, migration,
invasion, and invadopodia formation of HNSCC via the MAPK signaling pathway and

provide new mechanistic insights into the nonimmunological role of CD73 in HNSCC.
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1 | INTRODUCTION

Head and neck cancer (HNC) was the world's seventh most common
cancer in 2018, with most cases being squamous cell carcinoma aris-
ing from mucosal surfaces of four major anatomical sites: the oral
cavity, sinonasal cavity, larynx, and pharynx.! Head and neck squa-
mous cell carcinoma (HNSCC) is a global health burden due to its high
incidence and poor prognosis. There are approximately 600,000
new cases worldwide, with 40-50% mortality.2’3 Current primary
modalities for the treatment of HNSCC are surgery, radiotherapy,
and concurrent chemoradiation. Accounting for distinct anatomical
subgroups, invasive properties, and cervical lymph node metastasis
of the tumors, the prognosis of this malignancy is still frustrating
despite employment of combined treatment.*° Therefore, further
investigation into the underlying mechanism is of great help to im-
prove the prognosis of HNSCC patients.

Ecto-5'-nucleotidase (CD73), encoded by the NT5E gene, is a 70-
kD glycosylphosphatidylinositol (GPI) protein anchored on the cell
surface that can function in enzymatic or nonenzymatic pathways.6'7
As an AMP hydrolyzing enzyme, CD73 is involved in the conversion
of AMP into phosphate and adenosine, which play important roles
in immunomodulation in the tumor microenvironment (TME).7'8 In
addition to enzymatic function, CD73 interacts directly with ex-
tracellular matrix (ECM) components and is engaged in T-cell signal
transduction and cell adhesion.” CD73 has been reported to influ-
ence cancer progression in both enzymatic and nonenzymatic path-
ways.7 Ample evidence has shown that CD73 is overexpressed in
many cancers, such as breast cancer, non-small cell lung cancer, gas-
tric cancer, colorectal cancer, ovarian cancer, and gallbladder can-
cer. Furthermore, CD73 has been found to be linked to the clinical
characteristics and prognosis of cancer patients and plays a critical
role during tumor progression.®°"1® Recently, it was reported that
the expression of CD73 is upregulated in clinical HNSCC tissues and
that CD73 expression in HNSCC correlated positively with tumor
stage and poor prognosis. However, whether CD73 could facilitate
HNSCC progression and the underlying molecular mechanism still
needs further elucidation. >

Metastasis is the major reason for cancer-related death.'®
Invasion and penetration of ECM, or other tissue barriers, is a pre-
requisite in cancer metastasis.'® Invadopodia, dynamic actin-rich
protrusions in cancer cells, specialize in degrading ECM, thus facil-
itating tumor metastasis.?>” Signaling, such as growth factor and
integrins, could stimulate F-actin assembly, which is modulated by
structural proteins, such as N-WASP, TKS4, TKS5, and cortactin,
priming the formation of invadopodia. Proteases, such as MT1-MMP,
MMP2, and MMP9, are especially enriched in invadopodia and re-
leased to drill the ECM."’

Mitogen-activated protein kinase (MAPK) signaling pathways
constitute a complex and delicate network modulating cellular bio-
logical processes such as proliferation, differentiation, and cell sur-
vival.'®1? As a result, aberrant MAPK signal transduction is involved
in a variety of human diseases, especially cancer.?’ The MAPK cas-
cade mainly consists of three crucial kinases, MAPK3K, MAPKK, and
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MAPK, which work through sequential phosphorylation.?° There are
three distinctive cascades of MAPKSs: extracellular signal-regulated
kinases (ERKs), Jun amino terminal kinases (JNKs), and stress-
activated protein kinases (p38/SAPKs). ERKs tend to be activated
by growth factors or mitogens and are responsible for proliferation,
survival, differentiation, metabolism, nervous system development,
and immune response, while p38 MAPKSs can respond to multiple
inflammatory and stressful factors and participate in inflammation,
proliferation, differentiation, apoptosis, and invasion. Similarly, INKs
are usually activated by stress factors such as oxidative stress and
radiation and are responsible for inflammation, apoptosis, cytokine
secretion, and metabolism.?12

In this study, we analyzed the clinical implication of CD73 in
HNSCC. Additionally, we performed GSEA and GSVA for CD73 to
predict the biological function of CD73 and the corresponding sig-
naling pathway, which was further verified by in vitro and in vivo
experiments.

2 | MATERIALS AND METHODS

The materials and methods are described in Appendix S1.

3 | RESULTS

3.1 | CD73/NT5E expression was significantly
upregulated in HNSCC and predicted poor prognosis

To explore the expression difference of CD73/NT5E between
HNSCC tissues and adjacent normal tissues, we first extracted the
mRNA gquantification of NT5E in the transcriptomic sequence data-
set of our JKLOD cohort, including 81 pairs of oral squamous cell
carcinoma tissues and adjacent normal tissues. The results showed
that NT5E was significantly upregulated in oral squamous cell carci-
noma tissues (Figure 1A, p<0.0001). The high expression of NT5E
in HNSCC tissue was also confirmed in the TCGA-HNSCC cohort,
which included 502 HNSCC tissues and 44 adjacent normal tissues
(Figure 1B p<0.0001). In addition to transcriptome analysis, we also
found that the protein level of CD73 was robustly upregulated in
HNSCC tissues in 10 pairs of normal and tumor tissues (Figure 1C),
which was further verified by IHC (Figure 1D).

Furthermore, Kaplan=Meier survival analysis was employed to
determine the prognostic value of NT5E in patients with HNSCC.
At the transcriptome level, the expression of NT5E was correlated
with poor overall survival probability (Figure 1E, HR = 1.53; log-
rank p = 0.0017) and short relapse-free survival time (Figure 1F,
HR = 1.66; log-rank p = 0.0079) in the TCGA-HNSCC cohort. In
addition, we scored CD73 expression for IHC of 122 HNSCC tis-
sues with prognostic information in the JKLOD cohort. Similarly,
the protein level of CD73 could also predict poor overall sur-
vival time (Figure 1G, HR = 3.16; log-rank p = 2.4%107°) and
short progression-free survival (Figure 1H, HR = 1.66; log-rank
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FIGURE 1 CD73/NT5E is overexpressed and predicts poor prognosis in head and neck squamous cell carcinoma (HNSCC). A, Expression
of NT5E in HNSCC tissues (n = 81) compared with paired adjacent normal tissues (n = 81) in the Jiangsu Key Laboratory of Oral Disease
(JKLOD) cohort and the significance of difference was evaluated by paired t test. B, Expression of NT5E in HNSCC tissues (n = 502)
compared with adjacent normal tissues (n = 44) in the TCGA-HNSCC cohort and the significance of difference was evaluated by unpaired t
test. C, Western blot detecting the expression of CD73 in 10 pairs of HNSCC tissues and adjacent normal tissues. D, Immunohistochemistry
(IHC) staining of CD73 in HNSCC tissues and adjacent normal tissues. E, F, Kaplan-Meier curves for the overall survival and relapse-free
survival of 502 patients in the TCGA-HNSCC cohort divided into NT5E_high and NT5E_low groups according to NT5E expression. HR,
hazard ratio. G, H, Kaplan-Meier curves for the overall survival and disease-free survival of 122 patients divided into NT5E_high and NT5E_
low groups according to CD73 expression by IHC staining. |, Multivariate Cox regression analysis of CD73 by IHC score along with clinical
prognostic parameters for 122 HNSCC patients. ns, not significant; *p <0.05, **p<0.01, and ***p <0.001

p=24x 107%). The clinical feature of CD73 was also investigated
in the JKLOD cohort. It turned out that higher CD73 expression is
associated with later pathological staging and it may be correlated

with later T staging or N staging, while the sample size could not

make the difference significant (Figure S1). Multivariate Cox re-

gression analysis involving clinical features further indicated
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that CD73/NT5E is an independent prognostic factor for HNSCC
(Figure 11, HR = 3.01, p<0.001).

3.2 | CD73 promotes the proliferation,
migration, and invasion of HNSCC cells

To investigate the functional role of CD73 in HNSCC progression,
first we detected the expression level of CD73 in a normal human
oral keratinocytes (HOK) and four other HNSCC cell lines (HSC3,
FADU, HN4, CAL27). The results showed that the expression of
CD73 was upregulated in all four HNSCC cell lines compared with
that in HOK cells and was highest in HN4 cells (Figure 2A). Then,
HN4, a human laryngeal squamous cell carcinoma cell line, and
CAL27, a commonly used human tongue squamous cell carcinoma
cell line, were chosen for further study. Both cell lines were trans-
fected with three candidate small interfering RNAs (siRNAs) target-
ing CD73/NT5E and a negative control siRNA. Two siRNAs with
higher interfering efficiency, named si-CD73-01 and si-CD73-02,
were selected (Figure 2B).

To determine the role of CD73 in HNSCC progression, we
first performed a CCK-8 assay. Downregulating the expression of
CD73 significantly suppressed the viability of HN4 and CAL27 cells
(Figure 2C and D). Meanwhile, the EdU assay showed that CD73-
knockdown HNSCC cell lines exhibited a reduced proliferation ratio
(Figure 2E,F), and the colony formation experiment showed that
depletion of CD73 significantly decreased the number of colonies
formed (Figure 2G). These results strongly indicated that CD73 could
promote the proliferation of HNSCC cells. Furthermore, wound-
healing assays (Figure 2H,J) and transwell assays (Figure 2I,K,
Figure S2A,B) showed that depletion of CD73 also impaired the ag-
gressive potential of HNSCC cells in migration and invasion. Finally,
Western blot detection of proliferation markers (PCNA) and the
epithelial-mesenchymal-transition (EMT) markers (E-cadherin, N-
cadherin, vimentin, and Snail) in CD73-depleted CAL27 and HN4
cells also demonstrated compromised proliferation and EMT phe-
notypes (Figure 2L). Meanwhile, we also overexpressed CD73 in
CAL27 and HN4 and repeated all the above phenotype experiment.
As expected, overexpression of CD73/NT5E significantly increased
proliferation, migration, and invasion of CAL27 and HN4 (Figure S3).

Taken together, these data strongly indicated that CD73 could
promote the proliferation, migration, and invasion of HNSCC cells.

3.3 | CD73 promotes invadopodia formation in
HNSCC cells

With the role of CD73 in HNSCC cell malignancy confirmed, we
next investigated the specific biological processes in which CD73
is involved. First, a transcriptome sequence dataset of 502 tumor
tissues in the TCGA-HNSCC cohort was downloaded. Utilizing the
GSVA algorithm, we scored 9996 gene sets of biological processes
for each sample. Then, Spearman correlation analysis was employed
to calculate the correlation between NT5E/CD73 expression and
the score of each biological process. The results showed that “inva-
dopodium” and “invadopodium membrane” were among the top 10
correlated biological processes (Figure 3A). In addition, we divided
the 502 samples into two groups based on the expression of NT5E/
CD73 and analyzed the biological processes enriched in the group
with high NT5E/CD73 expression. Invadopodium- and cytoskel-
etal regulation-related biological processes were highly enriched
(Figure 3B).

To test the correlation between CD73 and invadopodia forma-
tion, we performed Western blotting to detect the changes in key
proteins involved in invadopodia formation upon CD73 knockdown,
including WASP, NWASP, and MMP14 (Figure 3C).Y Interestingly, all
invadopodia-related markers were downregulated after suppression
of CD73 in CAL27 and HN4 cells. Then, we performed double fluo-
rescence staining with phalloidin to label F-actin and anti-cortactin
antibody for si-NC- or si-CD73-transfected CAL27 and HN4 cells.
Colocalization of intensive phalloidin staining and cortactin, which
could regulate dynamic actin assembly, represents pseudopodia
formation (Figure 3D). The colocalization region of phalloidin and
anti-cortactin antibody evidently decreased in si-CD73-transfected
CAL27 and HN4 cells compared with those transfected with si-NC,
indicating decreased pseudopodia formation by CD73 knockdown.
Furthermore, to quantify the influence of CD73 knockdown on the
invasion ability of HNSCC cells, we performed a fluorescent-gelatin
degradation assay as previously described. In brief, CAL27 or HN4
cells were seeded on cell culture plates coated with Oregon Green
488-conjugated gelatin. The fluorescence intensity of gelatin was
measured after 24 hours of incubation. The proteolysis region of the
gelatin invaded by CAL27 and HN4 fused into pieces, and the in-
vaded gelatin measured by fluorescence intensity was significantly
reduced after CD73 knockdown (Figure 3E). Also, we repeated the
above experiments after overexpression of CD73 in CAL27 and

FIGURE 2 Depletion of CD73 inhibits the proliferation, migration, and invasion of head and neck squamous cell carcinoma (HNSCC)
cells. A, Western blot detecting the expression of CD73 in HNSCC cell lines and HOK cells. B, Western blot detecting the expression of
CD73 in CAL27 and HN4 cells transfected with si-NC and si-CD73. C, D, CCK-8 assay estimating the viability of CAL27 and HN4 cells after
transfection with si-NC and si-CD73. E, F, EAU assay estimating the proliferation ratio of CAL27 and HN4 cells after transfection with si-NC
and si-CD73. G, Colony-formation assay estimating the colony-formation ability of CAL27 and HN4 cells after transfection with si-NC and
si-CD73. H, J, Wound-healing assay estimating the migration ability of CAL27 and HN4 cells after transfection with si-NC and si-CD73. |,

K, Transwell migration and invasion assays estimating the migration and invasion ability of CAL27 and HN4 cells after transfection with
si-NC and si-CD73. L, Western blot detecting the expression of EMT-related and proliferation-related markers in CAL27 and HN4 cells after
transfection with si-NC and si-CD73. ns, not significant; *p <0.05, **p<0.01, and ***p<0.001
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HN4. It turned out that CAL27 and HN4 with higher CD73 expres-
sion showed even more vigorous invadopodia (Figure S4).

These results further indicated that CD73 may boost HNSCC
malignancy by facilitating invadopodia formation.

3.4 | CD73 could activate the MAPK
signaling pathway

Our results support that CD73 can promote HNSCC progression in
many ways; however, the potential molecular mechanism is largely
unknown. First, bioinformatic analysis was employed to predict the
possible relevant pathways. RNA sequencing data of the TCGA-
HNSCC cohort were divided into two groups according to the mRNA
expression of CD73/NT5E. KEGG pathways enriched in the NT5E_
high group were calculated utilizing the GSEA algorithm. The results
showed that “Pathways in cancer” and “MAPK signaling pathway”
were significantly enriched (Figure 4A,B). In addition, genes related
to the MAPK signaling pathway showed differential expression be-
tween the NT5E_high and NT5E_low groups (Figure 4C).

Then, we detected by immunoblotting the expression of key
proteins in the MAPK signaling pathway affected by CD73 inter-
ference. Our results showed that knockdown of CD73 could inhibit
the phosphorylated forms of p38 MAPK, MEK1/2, and ERK1/2 but
barely influence the expression level of total p38 MAPK, MEK1/2,
and ERK1/2 in CAL27 and HN4 cells (Figure 4D,E). Additionally, the
changes in these markers of the MAPK signaling pathway could be
reversed by LM22B, which could activate the MAPK signaling path-
way. Therefore, we concluded that CD73 could activate the MAPK
signaling pathway (Figure 4F,G).

3.5 | CD73 boosts HNSCC malignancy via the
MAPK signaling pathway

As the MAPK signaling pathway could be activated by CD73, we
wondered whether it is responsible for the phenotypic change
caused by CD73. First, we constructed Lenti-shControl and Lenti-
shCD73 cell lines for CAL27 and HN4 with control lentivirus and len-
tivirus targeting CD73/NT5E. The lenti-shCD73 cell line showed a
decreased number of colonies, and the MAPK signaling pathway ac-
tivator compared with the lenti-shControl cell line LM22B reversed
the effect of CD73 knockdown on colony formation (Figure 5A,B).
LM22B also reversed the compromised migration and invasion abil-
ity of CAL27 and HN4 cell lines by lenti-shCD73, which was verified
via wound-healing assay and transwell invasion assay (Figure 5C-F,
Figure S2E,F). Additionally, activation of the MAPK signaling path-
way with LM22B promoted invadopodia formation and reversed
the inhibitory effect on invadopodia by lenti-shCD73 in both CAL27
and HN4 cell lines (Figure 5G,H). Finally, the immunoblotting assay
was employed to detect the change in specific markers upon Lenti-
shControl or Lenti-shCD73 transfection and LM22B treatment.
Lenti-shCD73, similar to si-CD73, increased the expression of

E-cadherin and decreased the expression of N-cadherin, vimentin,
Snail, Ki6é7, PCNA, WASP, NWASP, and MP-MMP, indicating com-
promised EMT phenotype, proliferation ratio, and invadopodia for-
mation, while these markers showed opposite changes upon LM22B
treatment compared with Lenti-shCD73 transfection. Furthermore,
LM22B treatment reversed the change in these markers caused
by lenti-shCD73 (Figure 51,J)). In view of the above, we concluded
that CD73 could boost HNSCC malignancy via the MAPK signaling
pathway.

3.6 | Knockdown of CD73 inhibits tumor
growth and lung metastasis in vivo

To determine the effect of CD73 in vivo, we established xenograft
and lung metastasis models with Lenti-shControl and Lenti-shCD73
cell lines. Three weeks after subcutaneous injection, the xenograft
model was sacrificed, and the volume and weight of the tumor
were measured. Tumors in the CD73 knockdown group showed
decreased tumor size and tumor volume compared with those in
the control group, indicating that CD73 may promote the prolifera-
tion of HNSCC cells in vivo (Figure 6A-C). For the lung metastasis
model, mice were sacrificed 8 weeks after tail intravenous injection.
Then, we counted the number of lung metastatic lesions as detected
by H&E staining and measured the weight of the lung for both the
Lenti-shControl and Lenti-shCD73 groups. Knockdown of CD73 sig-
nificantly decreased the number of lung metastatic lesions and the
total weight of the lung compared with the control group, indicating
that CD73 may promote the metastatic ability of HNSCC cells in vivo
(Figure 6D-F). Finally, we detected the expression of E-cadherin, vi-
mentin, Ki67, and NWASP in tumors of the xenograft model via IHC
staining. Similar to the in vitro experiment, knockdown of CD73 in-
creased the expression of E-cadherin and decreased the expression
of vimentin, Ki67, and NWASP (Figure 6G,H).

4 | DISCUSSION

CD73, as an ectoenzyme for ATP to form adenosine, is involved in
cellular homeostasis, physiological adaptation, multiple disease de-
velopment, and the progression of various cancers.?*2> Upon ex-
posure to persistent hypoxia and inflammation, elevated adenosine
generated by CD73 could boost immunosuppressive responses and
promote immune evasion in the TME by activating regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs).29"28 Despite
the immune response, CD73 could promote tumor metastasis in a
wide range of cancer types, such as breast cancer,?*° hepatocellu-
lar carcinoma,® and gastric cancers.?? Evidence has shown that the
expression of CD73 in both primary and metastatic HNSCC lesions
is upregulated and correlated with poor prognosis.'®*! Blockade
of CD73-related purinergic signaling in HNSCC could significantly
reverse the immunosuppressive TME.*3"3° However, the nonimmu-

nologic role and molecular mechanism of CD73 involved in HNSCC
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FIGURE 4 CD73 activates MAPK signaling pathway. A, B, Gene set enrichment analysis (GSEA) plots showing that “pathway in cancer”
and “MAPK signaling pathway” were highly enriched in the NT5E_high groups. C, Heatmap showing the expression of genes in the MAPK
signaling pathway in the NT5E_high and NT5E_low groups. D, E, Western blot analysis of the expression of markers in the MAPK signaling
pathway in CAL27 and HN4 cells transfected with si-NC and si-CD73. F, G, Western blot detecting the expression of markers in the MAPK
signaling pathway in CAL27 and HN4 cells with combined treatment of CD73 knockdown and LM22B

progression are not well characterized. Here, we demonstrated that by IHC both predict poor prognosis of HNSCC patients. These clini-
the expression of CD73/NT5E is upregulated in HNSCC tissues at

both the transcriptomic and protein levels. Meanwhile, the mRNA

cal findings were in accordance with previous findings and further
confirmed their potential as biomarkers for diagnosis and prognosis

expression of CD73 by RNA sequencing and the protein expression prediction in HNSCC.

FIGURE 5 CD73 promotes proliferation, migration, invasion, and invadopodia formation via the MAPK signaling pathway. A, B, Colony-
formation assay estimating the colony-formation ability of CAL27 and HN4 cells with combined treatment of CD73 knockdown and LM22B.
C, D,) Wound-healing assay estimating the migration ability of CAL27 and HN4 cells with combined treatment of CD73 knockdown and
LM22B. E, F,) Transwell migration and invasion assays estimating the migration and invasion ability of CAL27 and HN4 cells with combined
treatment of CD73 knockdown and LM22B. G, H, Fluorescent gelatin degradation assay evaluating the invasion ability of invadopodia in
CAL27 and HN4 cells with combined treatment of CD73 knockdown and LM22B. 1, J, Western blot detecting the expression of markers
related to EMT phenotype, proliferation ratio, and invadopodia formation in CAL27 and HN4 cells with combined treatment of CD73
knockdown and LM22B. ns, not significant; *p <0.05, **p<0.01, and ***p<0.001
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FIGURE 6 Depletion of CD73 inhibits the proliferation and metastasis of head and neck squamous cell carcinoma (HNSCC) cells in vivo.
A, General images of subcutaneous tumors of lenti-shNC- or lenti-shCD73-transfected CAL27 cells from a xenograft nude mouse model.
B, Volume of tumors in lenti-shNC or lenti-shCD73 groups at indicated time. E, The weights of the tumors are measured. D-F, White light
and H&E staining images of pulmonary metastasis of lenti-shNC- or lenti-shCD73-transfected CAL27 cells from a lung metastasis model.
The number of metastases and weight of the metastatic lung were measured. G, Immunohistochemistry (IHC) staining of Ki67, E-cadherin,
vimentin, and NWASP. H, The protein expression of Kié7, E-cadherin, vimentin, and NWASP was measured. ns, not significant; *p <0.05,

**p<0.01, and ***p<0.001

Then, despite the immunomodulatory role of CD73, we investi-
gated the biological functions of CD73 in HNSCC cancer cell lines.
In vitro and in vivo experiments demonstrated that silencing CD73
suppresses the proliferation, migration, and invasion of HNSCC cell
lines. With Western blot, we detected that E-cadherin was upreg-
ulated and N-cadherin, vimentin and Snail were downregulated by
knockdown of CD73, which are EMT-related markers. EMT is the
key process by which tumor cells gain migratory and invasive prop-
erties, during which loss of E-cadherin is the iconic event.3¢% Our

results suggested that CD73 may promote the motility and invasion
of HNSCC cells by activating EMT.

Invadopodia are long protrusions with proteolytic properties and
are a hallmark of cancer cells undergoing invasion and metastasis.!”
To predict the specific biological processes in which CD73 is in-
volved, we analyzed the correlation between the expression of CD73
and the GSVA score of all the biological processes. Interestingly, “in-
vadopodium” was among the top 10 correlated biological processes
according to the Spearman correlation coefficient, which was also
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confirmed by GSEA. There is evidence that CD73 is involved in cy-
toskeletal regulation and could influence the invasion properties of
gastric cancer cells.®> WASP and NWASP are key proteins regulating
pseudopodia and invadopodia assembly, and MT1-MMP denotes the
maturation and invasion properties of invadopodia. Western blot
analysis showed that WASP, NWAP, and MT1-MMP were signifi-
cantly downregulated after CD73 knockdown. Double fluorescence
staining with phalloidin to label F-actin and anti-cortactin showed
decreased pseudopodia, and a fluorescent gelatin degradation assay
showed decreased invaded gelatin by invadopodia after CD73 sup-
pression. Thus, we conclude that CD73 is involved in invadopodia
formation in HNSCC.

Furthermore, we investigated the potential molecular mechanism
through which CD73 boosts the malignancy of HNSCC. GSEA re-
vealed that the “MAPK signaling pathway” was significantly upregu-
lated in tumor tissues with higher NT5E expression. Previous studies
showed that CD73 could activate the MEK/ERK and p38 MAPK sig-
naling pathways, which are two major branches of the MAPK signal-
ing pathway.®®%7 Interestingly, MAPK signaling could also promote
the expression of CD73 via transcriptional regulation.*® Additionally,
ERK signaling is responsible for invadopodia formation.’*4%%2 As
expected, the phosphorylated forms of p38 MAPK, MEK1/2, and
ERK1/2 were inhibited by knockdown of CD73. Furthermore, func-
tional recovery experiments indicated that activating the MAPK sig-
naling pathway could reverse the effect of CD73 knockdown on cell
proliferation, migration, invasion, and invadopodia formation. Thus,
we speculated that CD73 could promote the proliferation, migration,
invasion and invadopodia formation of HNSCC cells, while the spe-
cific mechanisms still need to be clarified further.

In summary, CD73/NT5E was highly expressed in HNSCC tissues
and predicted poor prognosis, indicating its potential as a diagnostic
and prognostic biomarker. It could also promote proliferation, mi-
gration, invasion, and invadopodia formation via the MAPK signaling
pathway. Moreover, CD73 depletion of HNSCC cells effectively sup-
pressed proliferation and metastasis in a xenograft or lung metasta-
sis nude mouse model, suggesting CD73 as a promising therapeutic

target through nonimmune pathways.
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