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Extracellular vesicles released by ovarian carcinoma contain arginase 1 that
mitigates antitumor immune response
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ABSTRACT
Expression of arginase-1 (ARG1) is an immunosuppressive feature of tumor microenvironment that leads
to depletion of ʟ-arginine, a nutrient required for T-cells expansion. Ovarian carcinoma cells release
extracellular vesicles carrying enzymatically active ARG1, that contributes to local and systemic immune
suppression, which can be restored by ARG inhibitor.
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The results of recent clinical trials revealed that the
immune system can eradicate cancer. Despite unprece-
dented cures in multiple types of cancer, the efficacy of
immunotherapy in patients with epithelial ovarian cancer
turned out to be rather limited.1 Many mechanisms seem to
be responsible for this inefficiency. Some are based on the
local production of immunosuppressive mediators or
recruitment of regulatory cells that impair the activity of
lymphocytes. Other, include increased production of mole-
cular brakes, known as checkpoints, that interfere with the
immune response. A recently emerging and one of the most
prominent features of tumor microenvironment (TME) that
impacts local immune response is amino-acid metabolism,
especially that of ʟ-tryptophan and ʟ-arginine. ʟ-arginine is
a substrate for four enzymes including arginases (ARG1
and 2), that convert it to ʟ-ornithine and urea. T-cell
proliferation is impaired at low ʟ-arginine concentrations,
thereby depletion of this amino-acid impairs the develop-
ment of immune response to tumor-associated neoantigens.
In the TME and in secondary lymphoid organs ARG pro-
duction is mainly attributed to myeloid-derived suppressor
cells (MDSCs) and immunosuppressive M2-type tumor-
associated macrophages (TAMs), which is linked to inflam-
matory processes driving tumorigenesis.2 High ARG
expression has been documented in blood of patients with
hematologic malignancies such as acute myeloid leukemia
and in the microenvironment of solid tumors like neuro-
blastoma, squamous cell carcinoma, lung, and colorectal
cancer.3,4 Recently, it has been shown that, similar to
MDSCs and TAMs, some tumor cells themselves harness
ʟ-arginine depletion to mitigate immunosurveillance.5

Upregulated ARG has been linked to poor patients’ survi-
val; therefore, modulation of TME properties by inhibiting
ARG appears to be a promising immunotherapeutic
approach that might improve antitumor immune
response.4,5

Extracellular vesicles (EVs) are spherical-shaped, nanoscale
particles carrying specific set of lipids, proteins or nucleic
acids and are involved in intercellular communication.
Secreted EVs might directly interact with various immune
cells including B, T or NK cells, MDSCs and dendritic cells
(DCs), exerting activating or inhibitory effects.6 EVs derived
from the malignant lesions possess the molecular signature of
the parental cells and are investigated as potential diagnostic
biomarkers for early cancer detection.7 Exosomes, which are
a well-characterized subpopulation of EVs, have been linked
to tumor progression and metastasis.8 Ovarian carcinoma
(OvCa) is an asymptomatic at early stages, deadly cancer
characterized by ascites accumulation in the abdomen and is
known to secrete a substantial amount of EVs loaded with
immunomodulatory cargo.9

We have recently shown that ARG1 in EVs participates
in the formation of the local immunosuppressive microen-
vironment in OvCa and alters systemic immune response.10

We have detected ARG1 expression in both established
OvCa cell lines as well as in tumor cells isolated from the
ascites from OvCa patients. Immunohistochemistry of tis-
sue sections of primary ovarian tumors revealed cytoplas-
mic staining for ARG1 with moderate to high intensity in
66.7% cases of a 84 patients cohort. Transcriptomic data
analysis indicated worse survival in a cohort of patients
displaying high ARG1 expression pattern in OvCa primary
tumor in comparison with those with low ARG1 expres-
sion. ARG activity in serum samples of untreated OvCa
patients with stage II and III tumors were significantly
higher than in healthy controls correlating with poor prog-
nosis. Increased ARG1 levels and activities were measured
in the plasma of OvCa patients correlating with impaired
proliferation ability of peripheral T-cells and downregula-
tion of CD3ζ (CD247). CD3ζ belongs to the CD3 complex
that associates with the T-cell receptor to generate and
transmit activation signals in T-cells. These findings raised
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further questions on the potential mechanisms of immuno-
modulatory effects of ARG1, especially that T-cells mostly
proliferate in local lymphoid organs rather than in the
TME. A series of experiments demonstrated that OvCa
cells release EVs that contain enzymatically active ARG1.
Also, EVs isolated from the ascites of OvCa patients con-
tained enzymatically active ARG1. EVs isolated from the
ascites of over 40% of OvCa patients very strongly inhibited
the proliferation and decreased CD3ζ levels in both CD4+

and CD8+ T-cell subsets. In many cases, the specific inhibi-
tion of ARG1 with ARG inhibitor or addition of excess ʟ-
arginine to the culture medium partially reversed the effects
of patients’-derived EVs. Likewise, inoculation of ARG1-
containing EVs isolated from tumor cells strongly inhibited
antigen-specific OT-I T-cells proliferation in mice. Further
experiments revealed that ARG1-containing EVs are inter-
nalized by DCs in the local lymph nodes, where they
abrogate the development of effective immune response.
In contrast, a tagged recombinant ARG1 inoculated into
mice was rapidly degraded and failed to reach DCs in the
lymph nodes. Overexpression of ARG1 in murine ID8
OvCa cells led to accelerated tumor progression that was
inhibited by treatment with ARG inhibitor.

Altogether, our studies reveal a novel mechanism of tumor-
induced systemic T-cell dysfunction based on the activity of
tumor-derived EVs containing ARG1 (Figure 1). These vesicles
transfer functionally active ARG1 asmetabolic checkpointmole-
cules over a long distance to antigen-presenting cells and miti-
gate antitumor immune response, leading to an enhanced tumor
growth in vivo. These results may also apply to other ARG-
expressing tumor types and may have significant clinical impli-
cations for T-cell immunotherapy of cancer.
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nodes. Tumor-derived ARG1-containing EVs are internalized by dendritic cells (DCs) that acquire inhibitory properties and suppress T-cell proliferation. Blocking of
ARG activity restores the proliferative potential of T-cells. Activated T-cells can differentiate into effector cells exerting antitumor activity. Figure was created with
images adapted from Servier Medical Art licensed under a Creative Commons Attribution 3.0 Unported License.
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