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Pancreatic ductal adenocarcinoma (PDAC) is one of 
the most lethal malignancies due to delayed diagnosis, 
early metastasis, and limited response to chemotherapy 
(1,2). Gemcitabine-based chemotherapy remains one 
of most commonly used treatments for all stages of 
PDAC (3). PDAC is often refractory to the gemcitabine 
chemotherapy or, after an initial response, quickly develops 
the resistance to gemcitabine. Therefore, understanding 
the molecular mechanisms of chemoresistance is critical 
for the development of treatment strategies that overcome 
the resistance to chemotherapy including gemcitabine. In 
a recently published study, Yu et al. revealed an important 

role and novel mechanism of CD73 in chemotherapeutic 
resistance in PDAC (4). This study also tested the potential 
therapeutic approach that can improve the outcome of the 
contemporary treatments for PDAC.

CD73 (a.k.a. NT5E) is a glycosylphosphatidylinositol 
(GPI)-anchored cell surface enzyme that is expressed on 
multiple cell types, including endothelial cells, subtypes 
of lymphocytes, stromal cells and selected types of tumor 
cells (5). Its main function is to generate extracellular 
adenosine from adenosine monophosphate (AMP) 
through the coordinated action of CD39 that catalyzes 
the phosphohydrolysis of adenosine triphosphate (ATP) 
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and adenosine diphosphate (ADP) to AMP (5,6). The 
balance between ATP and adenosine is crucial to restrict 
inflammatory responses to prevent uncontrolled tissue 
damage. Adenosine and ATP are normally present at very 
low levels in extracellular fluids. In stressful situations 
such as inflammation, ischemia, and malignancy, high 
levels of ATP will be released to extracellular fluids, where 
it functions as a Danger-Associated Molecular Pattern 
(DAMP) to promote both innate and adaptive immune 
responses by signaling through purinergic receptors, that is, 
P2XRs and P2YRs, on a wide range of immune cells (7-9).  
During these processes, however, extracellular ATP is 
rapidly hydrolyzed by the enzymatic cascade via CD39 and 
CD73, culminating in the formation of adenosine (8,10). 
In contrast to ATP, extracellular adenosine, via interaction 
with its four G-protein-coupled receptors (A1R, A2AR, 
A2BR, and A3R), can enhance the suppressive immune 
cells including myeloid-derived suppressor cells (MDSCs) 
and T regulatory cells (Tregs) and attenuate the protective 
immune cells such as T cells and natural killer (NK) cells to 
dampen immune response (11,12). Thus, CD73, as a rate-
limiting enzyme for adenosine production, plays a critical 
role to protect against excessive immune responses by 
converting/switching ATP-triggered immune activation to 
adenosine-mediated immunosuppression (9).

CD73 is highly expressed in most human solid tumors, 
which is invariably hijacked by tumor microenvironment 
(TME) to promote and maintain immune evasion (13). 
Within the TME, besides of tumor cells, a subset of 
endothelial cells, Tregs, MDSC, NK cells, tumor-associated 
macrophages (TAMs) and cancer associated fibroblasts 
(CAFs) also express high level of CD73, which serves as 
a major immune suppressive mediator in TME mainly 
through generation of extracellular adenosine (9). As shown 
in Figure 1, adenosine-mediated activation of A2AR in 
effector T cell inhibits cell activation and proliferation, and 
induces T cell anergy (14,15). Besides, A2AR activation also 
suppresses NK cell maturation, activation, and cytotoxic 
function (16,17). Moreover, A2AR activation in naive CD4+ 
T cells promotes their differentiation towards Foxp3+ and 
LAG-3+ Treg cells (18,19). In addition, CD73-produced 
adenosine promotes the immune suppressive function and 
the infiltration of MDSC to tumor mainly through A2BR 
(20,21). Generally, CD73 impairs anti-tumor immunity 
by inhibiting the cytotoxic activity of effector cells, while 
enhancing the function of regulatory immune cells (9). As 
such, CD73 has mainly been characterized as a promising 
target for cancer immunotherapy. In preclinical models, 

targeted blockade of CD73 using either monoclonal 
antibodies (mAb) or small molecule inhibitor such as APCP 
(α, β-methylene ADP) have demonstrated encouraging 
antitumor effects as monotherapy or in combination 
with immune checkpoint blockade, targeted therapy, 
or conventional therapy (5,22-25). Emerging evidence 
indicates that the combination of CD73 inhibitor and 
immune checkpoint blockade displays promising clinical 
activity in patients with advanced solid tumors (26,27).

In addition to its immune inhibitory effects, CD73 is also 
established to be involved in tumorigenesis, proliferation, 
adhesion/migration, angiogenesis and metastasis (12). In 
the published study by Yu et al. (4), CD73 was characterized 
as a novel mechanism for gemcitabine resistance in PDAC. 
Authors demonstrated that CD73 is highly expressed in 
PDAC tumor cells and is associated with poor prognosis 
following the gemcitabine treatment. Long-term treatment 
of gemcitabine leads to an elevated expression of CD73 in 
PDAC cells, suggesting that CD73 may play a key role in 
developing the secondary resistance to gemcitabine. Thus, 
this study has identified CD73 as a potential target for 
overcoming gemcitabine resistance in PDAC.

Three isoforms of CD73 have been reported in human 
cells and were found to play different or opposite biological 
roles (28,29). Among these three isoforms, the short splice 
variant of CD73 (CD73S) was reported to be expressed in 
cirrhotic livers and hepatocellular carcinoma and, by binding 
to the full-length isoform of CD73 (CD73L), to promote 
the degradation of CD73L (29). Therefore, Yu et al. (4)  
investigated the activities of various CD73 isoforms, 
respectively, in order to identify the optimal targets for anti-
CD73 therapies in PDAC. Interestingly, the authors found 
that the two major isoforms of CD73, CD73L and CD73S, 
displayed a similar effect in mediating the gemcitabine 
resistance in PDAC. In addition, inhibiting one of these 
two isoforms would lead to the suppression of the other one 
in PDAC cells. Thus, their findings suggest that the anti-
CD73 therapy can be designed to target both isoforms, 
regardless of the selectivity for or relative expression levels 
of each different CD73 isoform in PDAC.

As described above, CD73 plays impotent roles in tumor 
progression and tumor immune evasion through activating 
adenosine signaling (30). In the study by Yu et al. (4), the 
authors demonstrated that CD73 is also located on the 
organelle membrane such as the endoplasmic reticulum 
(ER), where it competitively interacts with the main vault 
protein (MVP) to activate the SRC Proto-Oncogene, 
Non-Receptor Tyrosine Kinase (SRC) kinase and thereby 
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mediates the gemcitabine resistance by inducing the 
activation of AKT Serine/Threonine Kinase (AKT) 
pathway in PDAC tumor cells (Figure 1). Thus, Yu et al. (4) 
identified a novel non-canonical function of CD73 involved 
in the mechanism of resistance to gemcitabine-based 
chemotherapy. This novel function of CD74 is independent 
of its nucleotidase activity.

To date, multiple therapeutic agents that inhibit CD73, 
including mAbs that block membrane-bound CD73 and 
small molecules that inhibit its nucleotidase activity, 
have been developed and are currently evaluated in the 
early phase of clinical trials in cancer patients including 
PDAC patients (6,31). However, the results on treating 
PDAC patients in some of these clinical trials have been 
disappointing (NCT03954704, NCT04262388, and 

NCT04262375). The study published by Yu et al. (4) thus 
raised a question on whether the pro-tumoral activities 
of CD73, including both its nucleotidase activity and its 
ER associated activity, have been adequately targeted. 
Therefore, the authors suggest that inhibition of CD73 
expression may be a better targeting strategy, which 
would synchronously inhibit both membrane-bound and 
ER-located, as well as the nucleotidase-dependent and 
independent activities of CD73 in PDAC cells.

Yu et al. (4) demonstrated that troglitazone, a peroxisome 
proliferator-activated receptor gamma (PPAR-γ) agonist 
currently used in the clinic to treat diabetic mellitus, 
dramatically suppresses the expression of both CD73L and 
CD73S isoforms and sensitizes PDAC to the gemcitabine-
based chemotherapy. Accordingly, troglitazone may be 
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Figure 1 The enzyme-dependent and independent activities of CD73 in TME. CD73 is found on the surface of a variety of cell types in 
TME, and serves as a major immune suppressive mediator mainly through generation of extracellular adenosine. Adenosine, largely via 
interaction with the A2AR and A2BR receptors on a wide range of immune cells, impairs anti-tumor immunity by inhibiting the function 
of protective immune cells (e.g., effector T cells, NK cells, DC and B cells), while enhancing the function of suppressive immune cells (e.g. 
Treg, TAM, MDSC and CAF). Besides the membrane bounded enzyme dependent activity, CD73 is also reported to locate on ER, where it 
binds to MVP in competition with SRC, thereby facilitating SRC-mediated activation of AKT, leading to the development of gemcitabine 
resistance in an enzyme independent manner. TME, tumor microenvironment; NK, natural killer; Treg, T regulatory cells; TAM, tumor-
associated macrophage; MDSC, myeloid-derived suppressor cell; CAF, cancer associated fibroblast; ER, endoplasmic reticulum; MVP, main 
vault protein; SRC, SRC Proto-Oncogene, Non-Receptor Tyrosine Kinase; AKT, AKT Serine/Threonine Kinase.
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repurposed as a supplemental anti-CD73 strategy in 
combination with gemcitabine-based chemotherapy for 
PDAC treatment. This novel treatment strategy warrants 
further investigation in clinical trials.
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