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CD73 expression in normal, hyperplastic, and neoplastic thyroid:
a systematic evaluation revealing CD73 overexpression as a feature
of papillary carcinomas
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Abstract
CD73 converts AMP to adenosine, an immunosuppressive metabolite that promotes tumorigenesis. This study presents a
systematic evaluation of CD73 expression in benign, hyperplastic, and neoplastic thyroid. CD73 expression was assessed by
immunohistochemistry in 142 thyroid samples. CD73 was expressed in normal thyroid (3/6) and goiter (5/6), with an apical
pattern and mild intensity. Apical and mild CD73 expression was also present in oncocytic cell adenomas/carcinomas (9/10; 5/8)
and in follicular adenomas/carcinomas (12/18; 23/27). In contrast, papillary thyroid carcinomas featured extensive and intense
CD73 staining (49/50) (vs. normal thyroid/goiter, p < 0.001). Seven of nine anaplastic carcinomas were CD73-positive with
heterogeneous extensiveness of staining. Medullary and poorly differentiated carcinomas were mostly CD73-negative (1/6; 2/2).
These results were corroborated by NT5E mRNA profiling. Papillary carcinomas feature enhanced CD73 protein and mRNA
expression with distinct and intense staining, more pronounced in the invasive fronts of the tumors.
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Introduction

CD73, encoded by the NT5E gene, is an ectonucleotidase
which produces adenosine [1]. Adenosine is often present in
the tumor microenvironment and can lead to immunosuppres-
sion and epithelial-mesenchymal transition of tumor cells, cor-
relating with poor prognosis in several tumor types [1, 2].
Also, higher levels of CD73 correlate with refractoriness to
cancer treatments [1, 3].

New evidence pointing the possibility to restore immune
response via CD73 blockade has triggered a characterization
of CD73 expression in human cancers [4].

Few data are available on CD73 expression in thyroid can-
cer. Increased CD73 expression and enzymatic activity in
papillary thyroid carcinoma (PTC, n = 3) vs. normal thyroid,
goiter, and follicular adenoma (n = 9) was reported [5].
Another report described increased NT5E mRNA and protein
levels in PTC vs. normal thyroid cell lines [6]. The same group
showed that the PTC/adjacent paired expression ratio ofNT5E
mRNA was associated with metastatic lymph nodes and tu-
mor size and that all PTC (n = 29) were CD73-positive by
immunohistochemistry (IHC) [7].
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In the present study, we examine CD73 expression using
both IHC and mRNA profiling in a large series of normal,
hyperplastic, and neoplastic thyroid. This study aims to com-
plete and nuance the early data regarding CD73 expression in
thyroid neoplasms.

Methods

Formalin-fixed paraffin-embedded surgical thyroid specimens
were retrieved from the archives of the Institute of Pathology
of the Lausanne University Hospital (1995–2019). Cases with
the desired coded diagnosis, patient consent, and available
material were chosen. Six cases each of “normal thyroid”
and “goiter” were chosen. For the remaining diagnostic cate-
gories, a total of 130 eligible cases were found. One block per
patient was selected. All diagnoses were confirmed.

Immunohistochemistry, RNA profiling using HTG
EdgeSeq Oncology Biomarker Panel, and quantification of
tumor-infiltrating mononuclear cells (TIMC) are described in
Supplementary Methods.

Results

CD73 immunohistochemical expression

Results are summarized in Table 1.
Most specimens of normal thyroid and goiter had detect-

able CD73 expression, characterized by an apical staining of
mild intensity in follicular thyrocytes (3/6, 50%, median H-
score 20; 5/6, 83%, median H-score 7.5, respectively) (Fig.
1a). This staining was mostly present in the membrane and
rarely in the cytoplasm.

Most follicular adenomas presented CD73 staining (12/18,
67%, median H-score 21.25). Among follicular carcinoma
samples, 21 were retrieved from primary and 6 from metasta-
tic lesions (3 subcutaneous tissue metastases, 2 lymph node
metastases, and 1 rib metastasis). Most follicular carcinomas
presented CD73 staining (23/27, 85%, median H-score 22.5)
(Fig. 1b). In these entities, CD73 staining distribution, pattern,
and intensity were mostly similar to those of the adjacent non-
neoplastic thyroid (normal thyroid/goiter vs. follicular adeno-
mas/carcinomas, p = 0.414).

In oncocytic adenomas and carcinomas, CD73 was not
expressed by cells arranged in a trabecular pattern; nonethe-
less, follicular areas presented a mild apical staining (9/10,
90%, median H-score 11.25; 5/8, 63%, median H-score
17.5, respectively) (Fig. 1c). Only one case of oncocytic ade-
noma presented foci of tumor cells staining with strong inten-
sity. The H-scores of oncocytic tumors did not significantly
differ from those of normal thyroid and goiter (p = 0.781).

The vast majority of PTC either primary (n = 39) or meta-
static (n = 11; involving lymph nodes (7), soft tissues (3), and
lung (1)) expressed CD73 (49/50, 98%, median H-score 120)
(Fig. 1d–f). Most primary PTC showed extension of CD73
expression to the basolateral membrane (43/50, 86%) and,
occasionally, cytoplasmic staining. Areas with moderate/
strong staining intensity were observed in 64% (32/50) of
cases. The H-score of PTC was significantly higher compared
to normal thyroid/goiter (p < 0.001) (Fig. 2a).

Interestingly, PTC with follicular morphology (n = 17)
presented a staining pattern similar to that of classical PTC
(staining extending to the basolateral membrane in 11/17
cases, of moderate/strong intensity in 12/17 cases) (Fig. 1e–f).

Remarkably, all cases of primary PTC with an invasive
front (n = 23) distinctly comprised a higher proportion of
tumor cells staining and/or higher intensity of staining in the
invasive front, in comparison to the rest of the tumor (median
H-score of the invasive fronts = 225, median global H-score of
the respective tumors = 140, p < 0.001) (Fig. 1j–l).

Two cases of poorly differentiated carcinomas expressed
CD73 with mild apical staining (2/2, 100%, median H-score
8.75) but only in small areas where cells were organized in
follicles (Fig. 1g).

The majority of anaplastic carcinomas were CD73-positive
(7/9, 78%, median H-score 50), presenting membrane and
cytoplasmic staining (Fig. 1h). Inter- and intralesional staining
was heterogeneous in terms of percentage of CD73-positive
cells and staining intensity. This heterogeneity was reflected
by an H-score of the positive cases (n = 7) ranging from 10 to
237.5 (Fig. 2a). The H-scores of anaplastic carcinomas did not
significantly differ from those of normal thyroid and goiter (p
= 0.113).

Finally, most medullary carcinomas were CD73-negative
(Fig. 1i) as was also the case with hyperplastic parafollicular
C-cells identified in the adjacent thyroid parenchyma (con-
firmed with calcitonin staining) in one case of multiple endo-
crine neoplasia. Only one medullary carcinoma contained a
small proportion (5%) of tumor cells with faint CD73 staining
(1/6, 17%, median H-score 0). The H-score of medullary car-
cinomas was significantly lower compared to normal thyroid/
goiter (p = 0.035).

CD73 (NT5E) mRNA expression

mRNA counts were higher in papillary carcinoma (n = 4,
median read count 6591) than in normal thyroid (n = 3, me-
dian read count 3736) and multinodular goiter (n = 2, median
read count 2742) (Fig. 2a–b). Regarding anaplastic carcino-
mas (n = 4, median read count 16532), mRNA counts were
highly heterogeneous. Overall, we found that CD73 IHC
scores correlated significantly with NT5E mRNA expression
(Spearman’s rank correlation p = 0.0008) (Fig. 2c).
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Tumor-infiltrating immune cells

Adenosine leads to immunosuppression by several mecha-
nisms, namely by hampering immune effector cell functions
and contributing to T cell exhaustion [8]. First, we seeked to
characterize the density of TIMC in the primary malignant
lesions (n = 85) and the eventual correlation with CD73 ex-
pression. Most lesions presented no or few TIMC. Only ana-
plastic carcinomas presented mostly a moderate or abundant
quantity of TIMC. The abundance of TIMC did not correlate
with CD73 expression in the tumor cells (one-way ANOVA p
= 0.776) (Supplementary Fig. S1a).

In addition, in the 21 samples analyzed by HTG EdgeSeq,
CD3, CD8, and CD4 mRNA read counts did not correlate
with NT5E mRNA read counts (Supplementary Table S1,
Supplementary Fig. S1b). Further, no correlation between
NT5E and CTLA4/CTLA4, CD274/PD-L1, and PDCD1/PD-
1 mRNA read counts was found (Supplementary Table S1).

Discussion

In this report, we evaluated CD73 expression in a series ac-
c o un t i n g f o r mo s t t h y r o i d l e s i o n s , u s i n g a n

immunohistochemistry assay corroborated by anmRNA anal-
ysis in a subset of cases.

Strikingly, we observed that PTC showed enhanced CD73
expression beyond the apical membrane, into the basolateral
membrane and the cytoplasm, and that this phenomenon was
evenmore prominent in the invasive front. This might reflect a
functional role for CD73 in PTC invasiveness. Indeed, a re-
cent study demonstrated that CD73 inhibition suppressed PTC
cell migration in vitro and that CD73 expression was associ-
ated with lymph node metastasis, suggesting that CD73 is
involved in the dissemination of PTC [9].

This extended pattern of staining was preserved in PTC
with follicular morphology. This feature suggests that CD73
IHC could be of use in diagnostic practice to help distinguish
follicular-patterned lesions which may pose the differen-
tial diagnosis between follicular versus papillary
carcinoma.

The theory that anaplastic carcinomas usually develop
from dedifferentiation of differentiated thyroid carcinomas is
generally accepted [10]. Given the heterogeneity of CD73
expression in these carcinomas, we conjecture that tumors
with higher H-scores could potentially have developed from
PTC, while negative or faintly positive tumors could have
developed from follicular carcinomas.

Table 1 CD73 expression in 142 benign, hyperplastic and neoplastic surgical thyroid samples

Lesion (n = 142) Staining distribution, pattern CD73+ N/total (%) CD73 intensity H-scoreMedian
(min-max)

Normal thyroid (n = 6) Follicles, apical 3/6 (50) Mild (3/3) 20 (0–75)

Goiter (n = 6) Follicles, apical 5/6 (83) Mild (4/5)
Moderate (1/5)

7.5 (0–80)

Follicular adenoma (n = 18) Follicles, apical 12/18 (67) Mild (11/12)
Moderate (1/12)

21.25 (0–120)

Oncocytic cell adenoma (n = 10) Trabecular, negative/follicles, apical 9/10 (90) Mild (7/9)
Moderate (1/9)
Strong (1/9)

11.25 (0–50)

Follicular carcinoma (n = 27) Follicles, apical 23/27 (85) Mild (23/23) 22.5 (0–90)

Primary (n = 21) 18/21 (86) Mild (18/18) 20 (0–90)

Metastatic (n = 6) 5/6 (83) Mild (5/5) 23.75 (0-40)

Oncocytic cell carcinoma (n = 8) Trabecular, negative/follicles, apical 5/8 (63) Mild (5/5) 17.5 (0–105)

Papillary carcinoma (n = 50) Accentuated in papillae and in advancing edge.
Membranous and cytoplasmic staining

49/50 (98) Mild (17/49)
Moderate (22/49)
Strong (10/49)

120 (0–285)

Primary (n = 39) 38/39 (97) Mild (10/38)
Moderate (22/38)
Strong (7/38)

120 (7.5–285)

Metastatic (n = 11) 11/11 (100) Mild (8/11)
Strong (3/11)

60 (7.5–225)

Poorly differentiated carcinoma (n = 2) Mostly negative. Faint cytoplasmic staining 2/2 (100) Mild (2/2) 8.75 (7.5–10)

Anaplastic carcinoma (n = 9) Membranous and cytoplasmic staining 7/9 (78) Mild (1/7)
Moderate (3/7)
Strong (3/7)

50 (0–237.5)

Medullary carcinoma (n = 6) Mostly negative 1/6 (17) Mild (1/1) 0 (0–5)

Mild staining intensity of 1 or 1.5, moderate staining intensity of 2, strong staining intensity of 2.5 or 3
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CD73 overexpression seen in papillary and anaplastic tu-
mors might relate to the tumor microenvironment. It has been
reported that mesenchymal stromal cells increase CD73 ex-
pression in tumor cells through TGF-β1 production [11].
Interestingly, in the 21 samples analyzed by HTG
EdgeSeq, NT5E and TGF-β1 mRNA were positively
correlated (Spearman’s rank correlation p = 0.04) (data
not shown).

Most medullary carcinomas and non-neoplastic
parafollicular C-cells were CD73-negative, suggesting an ab-
sent CD73 expression in normal and neoplastic thyroid endo-
crine cells. A similar observation was made in our previous
study regarding pancreatic neuroendocrine tumors [12].

Our results regarding CD73 expression at the protein and
mRNA levels are corroborated by the NT5E gene analysis
retrieved from the Gene Expression Omnibus (GEO) database
(GSE27155 set) [13] (Supplementary information Fig. S2).

No relationship between CD73 expression in the primary
tumor and either the density of TIMC or the mRNA expres-
sion of T cell markers was found. In accordance with our
findings, a recent study found no correlation between CD73
and CD8 transcript levels. However, a positive correlation
between the expression of CTLA4, CD274, PDCD1, and
CD73 transcript levels was reported [9]. The number and dis-
tribution of tumor-infiltrating immune cells are determined by
several factors, namely, the neovascular permeability, the

Fig. 1 CD73 immunohistochemistry in benign and neoplastic thyroid. a
Normal thyroid. CD73 is expressed in follicles, at the apical pole of the

membrane of thyrocytes (inset), with mild intensity. b Follicular carcinoma.
CD73 expression in the carcinoma (left) is apical (inset) and similar to that in

non-neoplastic thyroid (right). c Oncocytic carcinoma. CD73 expression is

limited to areas with follicular architecture (inset). d Papillary carcinoma.
CD73 is expressed in the apical pole of the papillae with strong intensity

(inset). e Papillary carcinoma with follicular morphology. The follicles also

show strong CD73 expression (inset). f Lung metastasis of papillary
carcinoma with predominantly follicular morphology. Follicles showing strong
apical staining, extension to the basolateral membrane and cytoplasmic

staining (inset). g Poorly differentiated carcinoma. Poorly differentiated

insular/trabecular areas areCD73-negative, while follicular areas present some

CD73 positivity (inset). h Anaplastic carcinoma. Diffuse CD73 expression of

variable intensity. i Medullary carcinoma. Negative CD73 staining. j–l
Hematoxylin and eosin (upper panels) and corresponding CD73 IHC (lower
panels) at various magnifications of an invasive front of a papillary thyroid

carcinoma; j panoramic view of a papillary thyroid carcinoma with a stronger
CD73 staining along the invasion front (left edge) compared to the central

portion of the lesion; k (inset of (j), rotated) strong and complete membrane

and cytoplasmic staining of the invasive front; l (inset of (j), rotated) less
intense apical membrane staining of the central part of the lesion. Images a–i
and respective insets were taken at an original magnification of × 2 and × 18,

respectively. Images j–l were taken at an original magnification of × 0.23, ×
6.40, and × 6.40, respectively
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gradients of various cytokines, and the composition of the
extracellular matrix [14, 15]. Adenosine is likely to act locally,
impairing immune cells in a paracrine fashion. Still, functional
studies are needed to characterize the effect of CD73 expres-
sion in tumor-infiltrating immune cells.

In conclusion, CD73 is highly expressed in PTC, present-
ing a distinct IHC pattern. The high CD73 expression

observed in PTC encourages to further explore the use of
therapies targeting the CD73-adenosine pathway in this entity.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00428-021-03100-x.

Fig. 2 CD73 expression in benign, hyperplastic and neoplastic thyroid. a
Summary of CD73 protein expression assessed by immunohistochemistry
(IHC) expressed as H-scores in normal, hyperplastic and neoplastic thyroid

(n = 142). p Values obtained using a Mann-Whitney U test; b NT5E mRNA

expression in 21 samples analyzed with. HTG oncology immune panel; c
correlation between CD73 IHC H scores and NT5E mRNA read counts in 21
samples analyzed with. HTG oncology immune panel

213Virchows Arch (2021) 479:209–214

https://doi.org/10.1007/s00428-021-03100-x


Acknowledgements We gratefully thank the members of the EU-
supported TumAdoR consortium that aims at bringing anti-CD73
mAbs candidates to clinical trial. We gratefully thank the collaborators
of the Institute of Pathology of the Lausanne University Hospital: Dr. N.
Piazzon, manager of the tissue biobank; Dr. S. Leuba and the teams from
the histology and immunopathology laboratories, and Mr. JD Roman for
the digital imaging platform.

Availability of data The datasets generated during this study are avail-
able on reasonable request.

Authors’ contributions IM andAS collected and scored the IHC samples,
prepared illustrations and wrote the paper. EM analyzed the RNA profil-
ing, investigated gene expression databases and wrote the paper. JB per-
formed the RNA profiling. JVS performed the statistical analysis. LdL
and PR designed the study. LdL and CS reviewed the slides andwrote the
paper. All authors interpreted the data and critically revised the paper.

Funding Open Access funding provided by Université de Lausanne. The
European Community’s Seventh Framework Program (FP7/2007-2013)
supported this work (under grant agreement 602200).

Declarations

Ethics approval This study was approved by the cantonal ethics com-
mittee on human research (Lausanne) (protocol PB_2017-00289) and is
in accordance with the Declaration of Helsinki.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Arab S, Hadjati J (2019) Adenosine blockage in tumor microenvi-
ronment and improvement of cancer immunotherapy. Immune
Netw 19:e23. https://doi.org/10.4110/in.2019.19.e23

2. Antonioli L, Yegutkin GG, Pacher P, Blandizzi C, Haskó G (2016)
Anti-CD73 in cancer immunotherapy: awakening new opportuni-
ties. Trends in cancer 2:95–109

3. Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A (2017) Primary,
adaptive, and acquired resistance to cancer immunotherapy. Cell
168:707–723. https://doi.org/10.1016/j.cell.2017.01.017

4. Vigano S, Alatzoglou D, Irving M, Ménétrier-Caux C, Caux C,
Romero P, Coukos G (2019) Targeting adenosine in cancer immu-
notherapy to enhance T cell function. Front Immunol 10:925.
https://doi.org/10.3389/fimmu.2019.00925

5. Kondo T, Nakazawa T, Murata S-I, Katoh R (2006) Expression of
CD73 and its ecto-5’-nucleotidase activity are elevated in papillary
thyroid carcinomas. Histopathology 48:612–614. https://doi.org/
10.1111/j.1365-2559.2005.02277.x

6. Bertoni APS, de Campos RP, Tsao M, Braganhol E, Furlanetto
TW, Wink MR (2018) Extracellular ATP is differentially metabo-
lized on papillary thyroid carcinoma cells surface in comparison to
normal cells. Cancer Microenviron 11:61–70. https://doi.org/10.
1007/s12307-018-0206-4

7. Bertoni APS, Bracco PA, de Campos RP, Lutz BS, Assis-Brasil
BM, Meyer ELS, Saffi J, Braganhol E, Furlanetto TW, Wink MR
(2019) Activity of ecto-5′-nucleotidase (NT5E/CD73) is increased
in papillary thyroid carcinoma and its expression is associated with
metastatic lymph nodes. Mol Cell Endocrinol 479:54–60. https://
doi.org/10.1016/j.mce.2018.08.013

8. Mastelic-Gavillet B, Navarro Rodrigo B, Décombaz L et al (2019)
Adenosine mediates functional and metabolic suppression of pe-
ripheral and tumor-infiltrating CD8+ T cells. J Immunotherapy
Cancer 7(257). https://doi.org/10.1186/s40425-019-0719-5

9. Jeong YM, ChoH, KimT-M, KimY, Jeon S, Bychkov A, JungCK
(2020) CD73 Overexpression promotes progression and recurrence
of papillary thyroid carcinoma. Cancers 12:3042. https://doi.org/10.
3390/cancers12103042

10. Kakudo K, Bychkov A, Bai Y et al (2018) The new 4th edition
World Health Organization classification for thyroid tumors, Asian
perspectives. Pathol Int pin.12737. https://doi.org/10.1111/pin.
12737

11. Ávila-Ibarra LR, Mora-García M de L, García-Rocha R, et al
(2019) Mesenchymal stromal cells derived from normal cervix
and cervical cancer tumors increase CD73 expression in cervical
cancer cells through TGF-β1 production. Stem Cells Dev 28:477–
488. doi:https://doi.org/10.1089/scd.2018.0183

12. Sciarra A,Monteiro I,Ménétrier-Caux C, CauxC,Gilbert B, Halkic
N, la Rosa S, Romero P, Sempoux C, de Leval L (2019) CD73
expression in normal and pathological human hepatobiliopancreatic
tissues. Cancer Immunol Immunother 68:467–478. https://doi.org/
10.1007/s00262-018-2290-1

13. Gene Expression Omnibus https://www.ncbi.nlm.nih.gov/geo/.
Accessed 3 Nov 2020

14. Schaaf MB, Garg AD, Agostinis P (2018) Defining the role of the
tumor vasculature in antitumor immunity and immunotherapy. Cell
Death Dis 9:115. https://doi.org/10.1038/s41419-017-0061-0

15. Gordon-Weeks A, Yuzhalin A (2020) Cancer extracellular matrix
proteins regulate tumour immunity. Cancers 12:3331. https://doi.
org/10.3390/cancers12113331

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

214 Virchows Arch (2021) 479:209–214

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.4110/in.2019.19.e23
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.3389/fimmu.2019.00925
https://doi.org/10.1111/j.1365-2559.2005.02277.x
https://doi.org/10.1111/j.1365-2559.2005.02277.x
https://doi.org/10.1007/s12307-018-0206-4
https://doi.org/10.1007/s12307-018-0206-4
https://doi.org/10.1016/j.mce.2018.08.013
https://doi.org/10.1016/j.mce.2018.08.013
https://doi.org/10.1186/s40425-019-0719-5
https://doi.org/10.3390/cancers12103042
https://doi.org/10.3390/cancers12103042
https://doi.org/10.1111/pin.12737
https://doi.org/10.1111/pin.12737
https://doi.org/10.1089/scd.2018.0183
https://doi.org/10.1007/s00262-018-2290-1
https://doi.org/10.1007/s00262-018-2290-1
https://www.ncbi.nlm.nih.gov/geo/
https://doi.org/10.1038/s41419-017-0061-0
https://doi.org/10.3390/cancers12113331
https://doi.org/10.3390/cancers12113331

	CD73...
	Abstract
	Introduction
	Methods
	Results
	CD73 immunohistochemical expression
	CD73 (NT5E) mRNA expression
	Tumor-infiltrating immune cells

	Discussion
	References


