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Abstract

Background ZEB1, a core transcription factor involved in epithelial-mesenchymal transition (EMT), is associated
with aggressive cancer cell behavior, treatment resistance, and poor prognosis across various tumor types. Simi-
larly, the expression and activity of CD73, an ectonucleotidase implicated in adenosine generation, is an important
marker of tumor malignancy. Growing evidence suggests that EMT and the adenosinergic pathway are intricately
linked and play a pivotal role in cancer development. Therefore, this study focuses on exploring the correlations
between CD73 and ZEBT, considering their impact on tumor progression.

Methods We employed CRISPR/Cas9 technology to silence CD73 expression in cell lines derived from papillary thy-
roid carcinoma. These same cells underwent lentiviral transduction of a reporter of ZEB1 non-coding RNA regulation.
We conducted studies on cell migration using scratch assays and analyses of cellular speed and polarity. Additionally,
we examined ZEB1 reporter expression through flow cytometry and immunocytochemistry, complemented by West-
ern blot analysis for protein quantification. For further insights, we applied gene signatures representing different EMT
states in an RNA-seq expression analysis of papillary thyroid carcinoma samples from The Cancer Genome Atlas.

Results Silencing CD73 expression led to a reduction in ZEB1 non-coding RNA regulation reporter expression

in a papillary thyroid carcinoma-derived cell line. Additionally, it also mitigated ZEB1 protein expression. Moreover,
the expression of CD73 and ZEB1 was correlated with alterations in cell morphology characteristics crucial for cell
migration, promoting an increase in cell polarity index and cell migration speed. RNA-seq analysis revealed higher
expression of NT5E (CD73) in samples with BRAF mutations, accompanied by a prevalence of partial-EMT/hybrid state
signature expression.

Conclusions Collectively, our findings suggest an association between CD73 expression and/or activity and the post-
transcriptional regulation of ZEB1 by non-coding RNA, indicating a reduction in its absence. Further investigations are
warranted to elucidate the relationship between CD73 and ZEBT1, with the potential for targeting them as therapeutic
alternatives for cancer treatment in the near future.
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Introduction

Epithelial-mesenchymal transition (EMT) is a fundamen-
tal biological process in which cells undergo a transfor-
mation from an epithelial to a mesenchymal phenotype.
EMT plays a pivotal role in embryonic development,
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aggressive behavior, metastasis, treatment resistance, and
poor prognosis across diverse tumor types [3—5]. Several
signaling pathways converge to regulate ZEBI1 activity,
placing particular emphasis on the ZEB1/miR-200
double-negative feedback loop. This loop encompasses
eight miR-200 family binding sites that actively repress
EMT, thereby influencing ZEB1’s involvement in tumor
development [6, 7].

Adenosinergic signaling involves the production and
action of adenosine, a molecule that modulates a wide
array of cellular functions including inflammation,
immunity, angiogenesis, and apoptosis [8]. Adenosine is
generated from the hydrolysis of adenosine monophos-
phate (AMP) through the catalytic activity of the CD73
enzyme, encoded by the NT5E gene. CD73’s actions
can have immunosuppressive effects within the tumor
microenvironment [8]. In the context of papillary thy-
roid carcinoma (PTC), which constitutes approximately
90% of all thyroid carcinoma cases, CD73 emerges as
a critical contributor. Its overexpression is intricately
associated with tumor progression, cell migration, pro-
liferation, and particularly with cells situated at the
invasive front of PTC [9-13]. Despite a 10-year sur-
vival rate of approximately 90%, PTC presents ongo-
ing challenges with recurrent cases, requiring surgical
procedures and treatment involving radioactive iodine
ablation [14, 15].

Evidence underscores the intricate interplay between
EMT and adenosinergic signaling, highlighting its
pivotal role in cancer initiation and progression [16].
Beyond CD73’s known immunosuppressive effects
within the tumor microenvironment through adeno-
sine, CD73 may also contribute to the early stages of
tumor progression by facilitating EMT [17]. CD73
suppression has been shown to increase E-cadherin
expression while decreasing vimentin expression,
favoring a more epithelial phenotype [17]. Given this
potential connection, conducting a comprehensive
examination of the interaction between adenosinergic
signaling and EMT becomes imperative. This study is
dedicated to investigating the impact of CD73 on ZEBI,
aiming to elucidate the intricate connections between
them and understand their implications in the progres-
sion of cancer.

Materials and methods

Cell culture

Human thyroid cancer cell lines (TPC and BCPAP),
which had undergone CRISPR/Cas9-mediated deletion
of CD73, were generously provided by the Cell Biology
Laboratory at the Federal University of Health Sciences
of Porto Alegre (UFCSPA). The cell lines were cultured
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in high-glucose Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Massachusetts, EUA) supplemented
with 10% fetal bovine serum (FBS; Gibco, Massachu-
setts, EUA), 1% ampicillin/streptomycin, and 0.1%
amphotericin. The cells were maintained at 37°C in a
5% CO2 atmosphere.

CRISPR/Cas9

The CRISPR/Cas9 deletion of CD73 in the TPC and
BCPARP cell lines was executed by the Cell Biology Labo-
ratory at UFCSPA. The procedure employed a plasmid
sequence provided by The Cancer Research Institute
of Montreal, containing a guide RNA (gRNA) inserted
into a pX330-U6-Chimeric_BBCBh-hSpCas9 vector,
designed to edit the human NT5E gene and silence
CD?73 expression [18, 19]. The corresponding sequence
is L3-GCAGCACGTTGGGTTCGGCG. Initially, 10*
cells were seeded into a 6-well plate and cultured for 3
days. Subsequently, they were transfected with 1 mg of
the plasmid using Lipofectamine LTX (ThermoFisher
Scientific Inc., Rockford, USA), following the manufac-
turer’s instructions.

Ectonucleotidase assay / enzymatic activity

For the ectonucleotidase assay, 10° cells were seeded in
24-well plates and grown to 90-95% confluency [13].
Afterward, cells were washed three times with an incu-
bation medium containing 2mM MgCl,, 120 mM NaCl,
5mM KCl, 10mM glucose, and 20mM HEPES - pH7.4
(Sigma—Aldrich, St. Louis, U.S.A.). The reaction was
initiated by adding 200 pL of incubation medium con-
taining 2mM of AMDP, followed by incubation at 37°C
for different durations (15, 30, and 60 minutes). After
the specified incubation times, 150 uL of the incubation
medium with nucleotides was transferred into micro-
tubes containing 150 uL of 10% w/v trichloroacetic acid.
The release of inorganic phosphate (Pi) was quantified
using the Malachite Green method with measurements
taken at 630 nm using a SpectraMax Microplate Reader
(Molecular Devices Corporation, USA). Normalization
was performed based on protein measurements using
the Bradford method at 595 nm.

Lentiviral transduction of ZEB1

Lentivirus production involved co-transfecting HEK
cells with three plasmids: psPAX2 (packaging plasmid -
Addgene_12260), pMD2.G (VSV-G envelope expressing
plasmid - Addgene_12259), and FUGW-d2GFP-ZEB1
3UTR (Addgene_79601). Transfection was carried out
using Lipofectamine 3000 reagent (Invitrogen/Thermo
Fisher Scientific) as per the manufacturer’s instruc-
tions. Following supernatant collection and filtration
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(0.45 um membrane), the target cells were transduced
with the ZEB1 non-coding RNA regulation reporter in
the presence of polybrene (8 mg/mL). Transduced cells
were then centrifuged (45 minutes at 700g, 25°C) and
incubated overnight. Subsequently, cell culture media
were replaced, and fluorescence expression was moni-
tored before initiating puromycin (8 ug/mL) selection
for 48 hours.

Scratch wound assay

The scratch wound assay was conducted by gently drag-
ging 200puL micropipette tips across culture plates
(6-well) with a cell confluence of 100%. After scratch-
ing, the wells were washed twice with PBS to remove
detached cells, and the remaining cells were incubated
in a standard medium with 1% fetal bovine serum (FBS;
Gibco, Massachusetts, EUA). Each experimental group
was analyzed in triplicate. Images were captured using
the IncuCyte Live-Cell imaging system (S3/SX1 G/R
Optical Module) at Ohours and 12 hours post-scratching.
Image analysis was performed using Image] software
(National Institute of Health, USA).

Immunocytochemistry

TPC and BCPAP cells underwent immunocytochemis-
try using Anti-ZEB1 (NBP1-05987) following the manu-
facturer’s instructions. Briefly, cells were washed with
PBS following DMEM removal, fixed with 4% PFA for
20 minutes at room temperature, and then washed thrice
with PBS. A blocking solution (300 mg BSA, 30 pL Triton
X-100, 10mL PBS 1x) was used for incubation for
lhour. Primary antibody was applied to coverslips
and incubated overnight at 4°C, followed by three
PBS washes. Subsequently, a secondary antibody was
added and incubated for 1 hour. Finally, DAPI (300 nM)
staining was performed with a 20-minute incubation.
Images were acquired using the EVOS FLoid Imaging
System (ThermoFisher Scientific).

Western blotting

BCPAP and TPC cells (0.6x10° were washed three
times with cold PBS 1x, followed by lysis in 60 uL of lysis
buffer (50mM Tris-HCI pH6.8, 2mM EDTA, 4% SDS),
and subsequent heating at 75°C for 5min. The total pro-
tein concentration was determined using the Pierce BCA
Protein Assay Kit (Thermo Scientific). The whole-cell
lysate (30 pg) was loaded into each lane, resolved in a 12%
SDS-PAGE gel, and transferred to PVDF membranes.
Rabbit anti-ZEB1 (1:2000, Novus Biologicals #NBP1-
05987) served as the primary antibody, and a peroxidase-
conjugated anti-rabbit (1:1000, Cell Signaling #7074) was
employed as the secondary antibody.
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Image analysis and quantification

Images obtained from the IncuCyte Live-Cell imaging sys-
tem (S3/SX1 G/R Optical Module) were analyzed using
Image] software (National Institute of Health, USA). For
cell polarity index calculations, the length of the primary
migration axis was divided by the length of the perpen-
dicular axis, which intersects the cell nucleus. Migration
speed was determined using the Manual Tracking plugin,
and fluorescence of the ZEB1 reporter was quantified as
the integrated density mean normalized by area. Addi-
tionally, cell cytoplasmic and nuclear quantifications
were validated using the Python-based ForNMA code
developed by Luiza Cherobini Pereira (unpublished).

The Cancer genome atlas (TCGA) data analysis

RNA-seq expression data of PTC patients were retrieved
from the TCGA PanCancer Atlas dataset through the cBi-
oPortal for Cancer Genomics [20, 21]. To compare gene
and signature expression among patient groups, data
normality was assessed using the Shapiro-Wilk normality
test. Since the data did not meet the normality assump-
tion, nonparametric statistical tests, namely the Mann-
Whitney U test or Kruskal-Wallis test followed by Dunn’s
multiple comparison test, were selected. The gene sig-
natures representing different EMT states were adapted
from Pastushenko and Blainpain (2019) and included the
following categories: Epithelial (KRT5 KRT14, DSG2,
ESRPI1, ESRP2, TP63, KLF4, OVOLI, GRHL1, GRHL?2,
GRHL3), Hybrid (KRTS5, KRT14, VIM, PDGFRB, FAR
CDH2, TP63, GRHLI1, GRHL2, GRHL3, ZEB1, ZEB2,
TWIST1, TWIST2, SNAII), and Mesenchymal (VIM,
ASPN, CDH2, FAB, MMP19, LOX, PRRX1, ZEBI1, ZEB2,
TWIST1, TWIST2, SNAII) [22]. Patient grouping based
on EMT profiles, utilizing the Epithelial and Mesenchy-
mal signatures, was carried out following the approach
by Pereira et al. (2018) [23].

Statistical analysis

Statistical analyses were conducted using GraphPad
Prism version 8.0.2 for Windows (GraphPad Software,
San Diego, California, USA). Student’s t-test and cor-
relation coefficient calculations were employed, with
statistical significance considered when p <0.05. Clini-
cal features derived from TCGA data were subjected to
analysis using SPSS 19.0 software. Descriptive and uni-
variate analyses of EMT states among clinical features
were performed using the chi-square test or Fisher’s
exact test for dichotomous variables. Multivariate
analysis employed Generalized Linear Models (GLM)
with a gamma distribution and a logarithmic link func-
tion to investigate relationships between EMT states
and clinical features. All analyses were two-sided, and
p values <0.05 were deemed statistically significant.
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Results

CD73 deletion results in decreased expression of the ZEB1
non-coding RNA regulation reporter in the BCPAP cell line
Wildtype cells were subjected to CD73 silencing along
with fluorescent ZEB1 expression (Fig. 1A). CD73 edit-
ing by CRISPR/Cas9 was confirmed by enzymatic activ-
ity measurement. As expected, there was a decrease
in AMPase hydrolysis rate in CD73- cells (Fig. 1B, C).
BCPAP and TPC cells that underwent editing for CD73
silencing by CRISPR-Cas9 and lentiviral transduction
for expression of the ZEB1 non-coding RNA regulation
reporter were analyzed to assess differences in ZEB1
reporter expression. CD73 deletion reduced ZEB1 immu-
nocytochemistry (ICC) signal, confirming the reduction
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observed with the live-cell reporter in BCPAP cells
(Fig. 2A, B), whereas in TPC cells deletion of CD73 did
not affect the expression of ZEB1 (Fig. 2B). Flow cytom-
etry confirmed the reduction of ZEB1 expression with
the deletion of CD73 in BCPAP cells, and Western blot
analysis revealed an approximate 30% decrease in ZEB1
protein levels in CD73- cells, observed in both TPC and
BCPAP cell lines (Fig. 2C-E).

CD73 deletion reduces cell polarity in the BCPAP cell line

The assessment of cell polarity index serves as an indi-
cator of epithelial (round shape) or mesenchymal (elon-
gated shape) phenotypes, which is a relevant metric in the
context of correlating morphological changes with EMT

Cell Sorting

CD73 positive CD73 negative
cells cells

Fig. 1 Schematic representation of the editing process for CD73 deletion and transduction of ZEB1 regulation reporter in PTC cell lines (A).
Measurement of AMPase activity (nmol PI/mg of protein) in TPC and BCPAP cell lines after the editing process (B). Enzymatic activity curve of TPC

and BCPAP cells (C)
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Fig. 2 ZEB1 reporter expression and Anti-ZEB1 immunocytochemistry. A Fluorescence representation of mean ZEB1 reporter intensity and mean
ZEB1 ICC in BCPAP WT and BCPAP CD73- cells. B Violin plots illustrating cell distribution based on mean ZEB1 reporter intensity and mean ZEB1
ICC. C Bar plots of ZEB1 reporter expression from flow cytometry. Expression of ZEB1's non-coding RNA regulation reporter (GFP/FITC) is presented
based on mean values of the triplicate. ***=p <0.001; ****=p <0.0001; ns=not significant. D Representative Western blot showing the expression
levels of ZEB1 protein in lysates of cell lines derived from PTC. E Densitometric analysis of the Western blot. Band intensities were quantified using
Image] software. The expression levels of ZEB1 protein were normalized to the total protein stain from respective lanes

(Fig. 3A). BCPAP CD73- cells displayed significantly
lower polarity compared to BCPAP WT cells (Fig. 3B, C).
This observation suggests a specific contribution of CD73

to cytoskeletal configuration in this cell line. Conversely,
such differences were not observed in the TPC cell line
(p<0.0001) (Fig. 3D, E).
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Fig. 3 Polarity index of PTC cell lines and its relation to EMT morphological phenotypes. A Schematic representation of cell morphology from low
to high polarity index, respectively: epithelial (right) and mesenchymal (left). Merged images of DAPI and phalloidin staining of BCPAP cells. B
Polarity index of BCPAP representative individual cells over time (hours). C Scatter plot comparing individual cells from BCPAP WT and BCPAP
CD73- groups. D Polarity index of TPC representative individual cells over time (hours). E Scatter plot comparing individual cells from TPC WT

and TPC CD73- groups. ***=p <0.001; ns=not significant
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CD73 deletion reduces cell migration in the BCPAP cell line
TPC WT and TPC CD73- cells demonstrated similar gap
closure times. In contrast, BCPAP CD73- cells exhibited
a longer time to close the gap area compared to WT cells
in the BCPAP cell line (Fig. 4A, B).

Correlations between cell polarity, cell speed and ZEB1
non-coding RNA expression are lowered by CD73 loss
When assessing the correlations of cell migration param-
eters, specifically, cell polarity index, cell speed, and
ZEBI reporter expression between WT and CD73- cells,

BCPAP WT BCPAP CD73-

TPC WT
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it became evident that WT cells exhibited positive cor-
relation coefficients. However, in some cases, the correla-
tion was lost in CD73- cells, in both TPC and BCPAP cell
lines (Fig. 5A, B). The coefficients between cell migration
speed and polarity index remained consistent regard-
less of cell editing. Furthermore, ZEB1 reporter expres-
sion and polarity index quantifications were notably
higher in BCPAP WT compared to BCPAP CD73- cells.
Conversely, for TPC WT and TPC CD73- cells, this dif-
ference was observed primarily in cell migration speed
quantification.
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Fig. 4 Scratch wound assay of BCPAP and TPC cells at 0h and 12h. A Scratch wound assay representation (dotted lines). B Graphical representation

of the gap area after 12h. ****=p <0.0001; ns=not significant
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Partial-EMT is associated with BRAF mutations and
ZEB1/CD73 expression

To discern EMT states in PTC and explore their associa-
tion with BRAF mutations and CD73 and ZEB1 expres-
sions, we performed an analysis of RNAseq data derived
from PTC samples within a TCGA cohort. Initially, we
observed that NT5E (CD73) expression was elevated in
samples from more aggressive PTC subtypes, as well as
in those with BRAF mutations (Supplementary Figs. 1A,
B). We further evaluated the association between BRAF
mutations and EMT transition states using gene sig-
natures for each state, including epithelial, hybrid, and
mesenchymal. Notably, the expression of the hybrid state
(partial-EMT) signature exhibited a significant increase
in BRAF-mutated samples (Fig. 6A). Additionally, expres-
sions of epithelial and mesenchymal signatures were
utilized to classify patients according to their EMT pro-
file (Supplementary Figs. 1C, D). The EMT hybrid state
group mainly consisted of BRAF-mutated samples (84%),
which also constituted the majority of samples in the epi-
thelial state but the minority in the mesenchymal state
(Fig. 6B). The expression of NTSE exhibited a significant
increase in both epithelial and hybrid states compared
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to the mesenchymal state, whereas ZEBI expression was
higher in the mesenchymal and hybrid states (Fig. 6C, D).
In univariate analysis, EMT states did not exhibit asso-
ciations with age>55years old (p=0.075), lymph node
metastases (p=0.225), or gender (p=0.102) (Supple-
mentary Table 1). Conversely, EMT states were signifi-
cantly associated with stages I/II vs III/IVA/IVC AJCC
of the 7th edition of the American Joint Committee on
Cancer (p=0.005), histological classification (p <0.0001),
extrathyroidal extension (p=0.008) and BRAF mutation
(p<0.0001). Upon adjusting for these significant varia-
bles in a multivariable model, only the presence of BRAF
mutation remained independently associated with EMT
states (Supplementary Table 1).

Discussion

This study utilized the editing of PTC cell lines to silence
CD?73 and express the ZEB1 reporter. This approach facil-
itated the exploration of potential regulatory mechanisms
linking the EMT and the adenosinergic pathway. Notably,
a prior study has established a connection between CD73
mRNA levels and clinical characteristics of patients with
PTC, including metastatic lymph nodes and larger tumor
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Fig. 6 Association between EMT transition states, BRAF mutations, and ZEBT and NT5E expressions. A Expression of a partial-EMT (hybrid state)
signature in PTC samples from a TCGA cohort divided into wild type (WT, n=201) and BRAF mutated (MUT, n=286). B Classification of samples
according to EMT profile (Epithelial: n=115, Hybrid: =133, or Mesenchymal: n=110). The number and percentage of patients in each EMT state
group with wild type or BRAF mutated status are presented. C NT5E expression levels across EMT state groups. D ZEBT expression levels across EMT
state groups. P values (p) are indicated. Horizontal lines represent the median and first and third quartiles. ****=p <0.0001
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size [11]. Similarly, ZEB1 expression is associated with
clinicopathological features such as advanced tumor-
node metastasis stage, lymph node metastasis, and dis-
tant metastasis in patients with thyroid cancer [24].

ZEB1 has been implicated in acting in the invasive
front of tumors, not only through its induction in can-
cer cells of a motile dedifferentiated phenotype, but also
via differential regulation of genes involved in stromal
remodeling [25]. Furthermore, prior investigations have
demonstrated the co-enrichment of CD73 and ZEB1
gene expressions in lung cancer cell lines and tumors
[26]. Interestingly, previous studies have shown an eleva-
tion in CD73 expression in sections of PTC compared to
follicular epithelial cells of a normal thyroid. This height-
ened expression was particularly pronounced at the inva-
sive front, suggesting a potential correlation between
ZEB1 and CD73 in the context of tumor invasiveness [10, 12].

To assess the significance of CD73 in regulating ZEB1
expression in PTC, we examined the regulation of ZEB1
through GFP fluorescence controlled by the 3'UTR of
ZEB1 in CD73-negative cell lines. Our findings revealed
a significant reduction in ZEB1 reporter expression in
BCPAP CD73- cells compared to their WT counterparts.
Despite indications of CD73 influencing the expres-
sion of the mesenchymal marker in various methodolo-
gies applied to BCPAP, this effect was not consistently
observed in TPC cells. The disparity in results across cell
lines underscores the complexity and context-depend-
ency of CD73 impact on ZEB1, warranting further inves-
tigation and analysis.

When assessing the cell polarity index, we observed
that BCPAP CD73- cells displayed significantly lower
polarity compared to BCPAP WT cells. This implies the
significance of CD73 in promoting a migratory pheno-
type, consistent with a previous study involving CD73-
siRNA transfected cells, which established a connection
between CD73 to a reduction in both migration and
invasion processes [9]. The migration analysis using the
scratch wound assay revealed a significant difference in
the gap size between BCPAP WT cells and BCPAP CD73-
cells, although this difference was not observed in TPC.

Due to the intricate and context-specific nature of gene
regulation linked to ZEB1 expression, additional factors
may contribute to variations in results between BCPAP
and TPC cell lines. BCPAP harbors BRAFYV®F muta-
tion, which is associated with more aggressive clinico-
pathologic characteristics, and exhibits a heightened
expression of genes associated with cell cycle and DNA
replication [27]. Whereas TPC is characterized by the
RET/PTC1 rearrangement, which is associated with a
relatively benign clinical course [28-32].

For the BCPAP WT and TPC WT cell lines, there was a
moderate correlation between ZEB1 reporter expression,
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cell polarity index, and cell speed. However, in the case of
CD73- cells, the correlations between these parameters
were low to negligible. This suggests that CD73 silencing
loosened the link between non-coding RNA regulation
of ZEB1 and cell polarity index, as well as cell migration
speed. Previous studies have indicated that CD73 can
promote cell migration in various types of cancer since
it not only serves as an enzyme but also as an adhesion
molecule that facilitates the migration of both normal
and malignant cells [33]. As expected, a strong correla-
tion was observed between cell speed and polarity in
both cell lines, regardless of their CD73 status, as effec-
tive cell translocation necessitates cell polarity [34]. Fur-
ther investigation is warranted to elucidate the potential
mechanisms through which CD73 and ZEB1 may modu-
late these morphological and functional cellular changes,
as these mechanisms remain incompletely understood.

The analysis of RNA-seq data from PTC samples
revealed a prominent occurrence of the hybrid pheno-
type specifically in samples harboring BRAF mutations.
This observation aligns with previous research indicating
that the network of EMT transcription factors is signifi-
cantly restructured in response to NRAS/BRAF activa-
tion, leading to the upregulation of TWIST1 and ZEB1
[35]. An emerging approach for assessing mutation asso-
ciations in PTC cell lines involves exploring the epige-
netic landscape. Recently, it was demonstrated that the
hypomethylation of the cg23172664 site was associated
with a BRAF-like phenotype and lower levels of NT5E
expression in PTC [36]. Overall, additional exploration
is needed to assess potential associations among specific
tumor mutations, such as BRAF, EMT, and adenosinergic
pathway.

Notably, the expression of NT5E was found to be
heightened in the more aggressive subtypes of PTC,
aligning with previously reported data [11]. Its expres-
sion was also higher in epithelial and hybrid states com-
pared to the mesenchymal state, while ZEB1 expression
was more pronounced in hybrid and mesenchymal states
compared to the epithelial state. ZEBI is present in early
hybrid, late hybrid, and full EMT states [22], supporting
our findings. However, NT5E expression was unexpect-
edly lower in the mesenchymal state, highlighting the
necessity for additional research.

The roles of CD73 in cancer are multifaceted, acting
as both pro-tumor and anti-tumor agents in a tumor-
specific manner [37]. Most importantly, both ZEBI and
NTS5E are highly expressed in the hybrid state, suggesting
that the EMT state may be relevant for the association
between ZEBI and NTS5E. In this context, their preva-
lence in hybrid states aligns with a previous suggestion
that thyroid cancer progression is characterized by an
incomplete EMT [38]. Remarkably, recent research has
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introduced RGD-conjugated chitosan lactate nanopar-
ticles encapsulating CD73 and ZEB1 siRNA molecules.
Administration of these nanoparticles was associated
with a significant reduction in migration and prolifera-
tion in vitro, as well as tumor suppression and prolonged
survival in vivo [39].

In conclusion, our study highlights the significance of
targeting CD73 in cancer beyond its role in the immune
system and emphasizes the importance of understand-
ing its interactions with EMT markers, such as ZEBI.
The interplay between EMT and the adenosinergic path-
way remains a relatively unexplored area, especially in
the context of PTC. Hence, our findings offer valuable
insights that may serve as a foundation for further inves-
tigations in this field, potentially contributing to advance-
ments in cancer therapeutics in the future.

Conclusion

Our research demonstrates the involvement of CD73
in modulating the non-coding RNA regulation of ZEB1
through its 3’'UTR in cell lines derived from PTC. The
suppression of CD73 results in a decrease in ZEB1 levels
and modifies its correlations with cell polarity and migra-
tion speed. By shedding light on the interactions between
these pivotal elements of EMT and adenosinergic signal-
ing, we aim to contribute to the development of innova-
tive approaches for treating PTC and potentially other
cancers.
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