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Checkpoint blockade on lymphocyte surfaces has revolutionized
cancer treatment. In particular, blockade of programmed cell
death protein-1 by therapeutic antibodies is remarkably effective
to reactivate T cells for the treatment of several cancer types.1,2

Immune checkpoint inhibitors that promote natural killer (NK) cell
effector function have also recently demonstrated significant
efficacy.3,4 Notably however, one of the main challenges of these
clinical immunotherapies is that the majority of patients are
resistant to immune checkpoint inhibitors.5 One practical
approach to address this is identifying novel molecular targets
and manipulating them to enhance antitumor immunity.
Adenosine is evidently a critical immunosuppressive metabolite

that can limit the antitumor effects of cytotoxic lymphocytes.6

Aspects of the tumor microenvironment such as hypoxia and
extracellular pressure effectively induce ATP conversion to
adenosine by ectonucleotidase CD73 and CD39. Adenosine
transmits inhibitory signals by activating adenosine receptor
family molecules.7 In the current study the gene expression
profiles of tumor-infiltrating NK cells from hepatocellular carci-
noma (HCC) patients were analyzed using SMART-seq2 data
(EGAS00001003449).8 Greater expression of adenosine A3 recep-
tor (A3AR, also known as ADORA3) was detected in tumor-
infiltrating NK cells than in peripheral NK cells (Supplementary
Fig. 1A–C).
To verify enhanced expression of A3AR in the tumor-infiltrating

NK cells, multicolor immunohistochemistry staining was used to
assess A3AR expression in CD56+ NK cells in intratumoral and
peritumoral regions in HCC patients. Locally, tumor tissues
expressed higher levels of A3AR than matched paracancer liver
tissues (Fig. 1B). Microimaging depicted increased expression of
A3AR in tumor-infiltrating NK cells (Fig. 1A). The cumulative
percentage of intratumoral A3AR+ NK cells was significantly
greater than that of peritumoral NK cells (Fig. 1C). The expression
level assessment in single cell indicated that the mean fluores-
cence intensity of A3AR in intratumoral NK cells was significantly
greater than that in peritumoral NK cells (Fig. 1D). Notably, the
level of A3AR expression was negatively correlated with the

number of NK cells localized within the tumor (Fig. 1E). These data
indicate increased expression of A3AR in intratumoral NK cells in
HCC patients, and suggest that A3AR expression is related to the
abundance of intratumoral NK cells.
A3AR expression was then analyzed in CD8+ T cells in HCC

patients. A3AR were almost undetectable in intratumoral and
peritumoral CD8+ T cells (Supplementary Fig. 2 and Fig. 1F). These
data suggest that increased A3AR expression is confined to tumor-
infiltrating cytotoxic NK cells.
Additional tumor types were then investigated to assess A3AR

expression in tumor-infiltrating NK cells. Microimaging indicated
that the cumulative percentage of intratumoral A3AR+ NK cells
was significantly increased compared with that of peritumoral NK
cells in thyroid cancer, gastric cancer and colorectal cancer
(Fig. 1G–I). The upregulated expression is not obvious in lung
cancer (Fig. 1J, K). These data suggest that the upregulated A3AR
expression is not confined to HCC.
Collectively the results of the current study indicate that there is

increased A3AR expression in tumor-infiltrating NK cells in
multiple types of tumors. A3AR is reportedly involved in the
inhibition of neutrophil degranulation in tissue injury.9 In addition,
A2A receptors—another member of the adenosine receptor family
—reportedly inhibit the antitumor effects of cytotoxic lympho-
cytes, and terminating its signals can markedly enhance antitumor
immunity.10 Therefore, A3AR is worth studying as an NK cell
related marker in tumors.
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Fig. 1 Upregulated A3AR expression in tumor-infiltrating NK cells in multiple types of tumors. A–F Multicolor immunohistochemistry staining
to assess A3AR expression in CD56+ NK cells and CD8+ T cells in intratumoral and peritumoral regions in HCC patients. A Imaging depicting
co-localization of CD56 and A3AR in regions. The scale bar represents 20 μm. B Regional fluorescence intensity representing A3AR expression
levels. C Proportion of CD56+ NK cells that were also positive for A3AR. D Fluorescence intensity of A3AR in individual CD56+ NK cells.
E Correlational analysis of A3AR expression levels and CD56+ NK cell counts. F Proportion of CD8+ T cells that were also positive for A3AR.
G–K Multicolor immunohistochemistry staining to assess A3AR expression in CD56+ NK cells in intratumoral and peritumoral regions of
(G) thyroid cancer, (H) gastric cancer, (I) colorectal cancer, (J) lung adenocarcinoma, and (K) lung squamous carcinoma. The proportions of
CD56+ NK cells that were also positive for A3AR are shown. Two-tailed unpaired Student’s t tests between two groups. Data represent the
mean ± SEM. P < 0.05 was considered significant. *p < 0.05; **p < 0.01
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