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Extracellular vesicles (EVs) carry molecules derived from donor cells and are able to alter the properties of
recipient cells. They are important players during the genesis and progression of tumors. Uveal melanoma (UM) is
the most common primary intraocular tumor in adults and is associated with a high rate of metastasis, primarily to
the liver. However, the mechanisms underlying this process are poorly understood. In the present study, we
analyzed the oncogenic potential of UM-derived EVs and their protein signature. We isolated and characterized
EVs from five UM cell lines and from normal choroidal melanocytes (NCMs). BRCA1-deficient fibroblasts (Fibro-
BKO) were exposed to the EVs and analyzed for their growth in vitro and their reprograming potential in vivo
following inoculation into NOD-SCID mice. Mass spectrometry of proteins from UM-EVs and NCM-EVs was
performed to determine a protein signature that could elucidate potential key players in UM progression. In-depth
analyses showed the presence of exosomal markers, and proteins involved in cell-cell and focal adhesion,
endocytosis, and PI3K-Akt signaling pathway. Notably, we observed high expression levels of HSP90, HSP70 and
integrin V in UM-EVs. Our data bring new evidence on the involvement of UM-EVs in cancer progression and

metastasis.

Uveal melanoma extracellular vesicles liver metastasis liquid biopsy mass spectrometry

| 1. Introduction

Uveal Melanoma (UM) is the most common primary intraocular tumor in adults 2 and the second most common
type of melanoma. It develops within the uveal tract of the eye, most frequently in the choroid B4, Although there
has been tremendous progress in understanding the genetic landscape BIEIIE diagnosis BILALL and treatment
(121131 of UM, the overall survival rate has not changed in the last three decades 4. Its annual incidence is
estimated at 3.75 and 5.2 cases per million individuals in Canada and the United States, respectively 1311261 while
in Europe it varies according to latitude (2—8 cases per million) L4, While the rate of UM occurrence is relatively
low, approximately 50% of patients develop metastasis, primarily to the liver (90%) 18, The 1-year survival rate of
UM patients dramatically drops to 15% once it metastasizes 19 due to the absence of effective treatments and the
high tumor burden at the time of detection 29, While metastases are rarely detected at UM primary diagnosis,
evidence has shown that circulating tumor cells can be found at diagnosis, suggesting that systemic involvement is
an early phenomenon [2Ll. Moreover, the mechanisms underlying this process are not well understood. This implies
that current clinical surveillance tools are not sensitive enough to detect premetastatic stages thereby underscoring
the need for better and more sensitive biomarkers to complement and validate existing clinical surveillance.

Extracellular vesicles (EVs) have been shown to harbor selective biomarkers in various cancers and to provide
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valuable clinical information 22, However, the role of EVs as biomarkers and mediators of metastasis has not been
widely explored in UM.

EVs are nanoparticles emitted under physiological and pathological conditions such as cancer. They are highly
heterogeneous based on their size, shape and subcellular origin 231, Minimal information for the study of EVs have
now been standardized [24]: these include and are not limited to the size, floating density, as well as the presence
of classical markers such as tetraspanins, annexins, Alix, and heat shock proteins (HSPs) 2326 The underlying
molecular mechanism involved in EV formation, delivery of cargo inside EVs and ultimately in their release is still
not clear 28127 |n contrast, their uptake by target cells has been shown to occur via numerous pathways (i.e.,
endocytosis, micropinocytosis, phagocytosis) 28291 Evs are loaded with RNA BB DNA B2 |ipid [23134] gnd
proteins [B3l38] and play a vital role in intercellular communications BZI28l Notably, cancer-derived EVs promote

cell proliferation, migration, invasion, angiogenesis and metastases [32140(41]

A growing body of evidence proposes that EV cargo could be used as circulating biomarkers in liquid biopsy-based
platform, particularly in the context of cancer. miRNA profiling of UM-derived exosomes has been performed 421431,
In addition, the proteome profile of UM secretome and that of UM-derived EVs have also been reported [24145],

However, none has addressed protein differential expression between healthy- and UM-derived EVs.

We performed this study to investigate the effects of EVs derived from UM cell lines on the behaviour of target
cells, and to compare the protein contents in EVs derived from UM cells and normal choroidal melanocytes
(NCMs). We have previously demonstrated that blood-derived EVs from patients with ocular and cutaneous
melanoma are uptaken by and reprogram single oncosuppressor-mutated (SOM) cells into malignant cells 28147
(48] Here, we showed that as opposed to NCM-EVs, UM-EVs increased the proliferation of target SOM cells such
as BRCA1-deficient fibroblasts (Fibro-BKO) and induced their malignant transformation. In addition, proteomic
analyses showed that UM-derived EVs were enriched in proteins involved in cell-cell and focal adhesion,
endocytosis, and metastatic niche organization. Altogether, these data shed light on the role of EVs in driving

cancer progression, and their potential use in a liquid biopsy platform to monitor patients affected by UM.

| 2. Discussion

UM is the only malignancy in which diagnosis is made by clinical examination and generally without a biopsy.
Unfortunately, the very limited number of metastatic UM cases that are deemed appropriate for surgical resection
limits the possibility to obtain surgical samples that can be analyzed to understand the metastatic process. Given
the high mortality rate, the asymptomatic nature and the lack of monitoring biomarkers, a liquid biopsy platform
would be extremely valuable in the diagnosis and treatment of UM. Attempts have been made to profile miRNA
contents of UM-isolated exosomes #2431 a5 well as the proteome from both UM secretome and UM-derived EVs
(441451 However, research focusing on reliable and clinically valuable metastatic biomarkers in UM has remained
limited, and an in-depth analysis of the protein composition of EV cargo in UM is virtually not available.
Furthermore, studies addressing the differential expression pattern of EV cargo proteins between normal

melanocytes and melanoma cells have been neither done nor published. It was already known that circulating EV
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levels increase with advancing stages of cancer, suggesting potential roles in cancer progression and invasion 42,
Furthermore, we previously reported that EVs from different malignancies carry oncogenic factors that trigger
malignant transformation in target cells 2%, In the present study, we wanted to verify whether EVs isolated from UM
cell lines would trigger malignant transformation of Fibro BKO. Moreover, we wanted to perform a label-free LC-
MS/MS analyses on proteins isolated from EVs derived from both UM cells and NCMs to determine potential
factors that may underlay the observed biological effects and to apply the findings as a base for a liquid biopsy

platform.

Considering that UM arises from melanocytes of the uveal tract and due to the lack of a commercial source of
normal uveal melanocytes we established a control line for comparative analyses isolating NCMs from the choroid
tissue of donor eyes. The identity of NCMs was confirmed at both structural (cell shape) and phenotypical levels

using a set of specific markers (211,

In our experiments we demonstrated that not only were UM-EVs efficiently internalized by Fibro BKO cells, but we
also confirmed that these cells undergo dramatic changes after exposure to EVs as shown by increased
proliferation, migration, invasion and acquisition of malignant characteristics. Moreover, factors carried by EVs
belong to different molecular categories (i.e., DNA, mRNA, miRNA, proteins) and their roles in cancer biology have
been extensively highlighted 22531541551 Recently, we provided evidence that cancer EVs actively transfer
mutated cancer genes to target cells as well as a bulk of coding and non-coding RNAs acting as modulators of
essential cellular pathways that impact cancer growth and progression. Herein, we decided to deepen these

analyses by focusing on UM-EV protein cargo.

The proteomic analyses performed in this study confirmed the differential expression of several proteins involved in
cancer cell growth, movement and adhesion, and metastatic niche remodeling. Although relatively rare, UM is a
deadly disease mainly as a result of the high risk of metastases occurring primarily in the liver 58, Our analysis
revealed several typical proteins implicated in the establishment of premetastatic niche that were differently
expressed in the EVs from UM cells compared to those from NCMs. It has previously been reported that tumor-
derived EVs expressing ITGavpv are implicated in liver metastasis organotropism. We observed high integrin aV
protein levels in all UM-EVs analyzed when compared to NCM-EVs. Concurrently, DAVID bioinformatic analysis
demonstrated that key proteins involved in the ITGavpv complex were statistically significant in our dataset (p <
0.05). In relation to the integrins present in our UM-EV samples, there was upregulation of various signal
transduction molecules such as S100A. It has been demonstrated that when integrins carried in cancer EVs were
internalized by target cells, they activate SRC phosphorylation and pro-inflammatory S100 gene expression.
Further, EVs from melanoma were found to upregulate S100 proteins in recipient target organ cells resulting in
vascular leakiness and promotion of metastasis 7. Taken together, this suggests that UM-EVs promote a tumor
induced inflammatory response and metastatic niche formation. Such data may provide insight into UM's

remarkable tropism to the liver.

Additionally, the expression patterns of both HSP90 and ENO1 were found uniformly increased across all UM-EVs.

HSP90 is a molecular chaperone reported to be of crucial importance in cancer cell growth and survival owing to its
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involvement in promoting the MAPK and P13K/AKT pathways 28159 |n similar fashion, ENO1 is linked to the AKT
signaling pathway, is involved in promoting gastric cancer cell proliferation and metastasis and serves as a
potential biomarker for certain cancers B8l The PI3K-AKT signaling pathway was also highlighted in our KEGG
pathway analysis as our UM-EVs contain a number of proteins linked to this signaling cascade. Other proteins
involved in the process of metastasis were also identified in a set of UM-EVs (i.e., hepatocyte growth factor
receptor tyrosine kinase (MET, in MP41 UM-EVs and MP46 UM-EVs), tenascin C (TNC, in MEL270 UM-EVs and
MEL285 UM-EVs), ephrin-B2 (EFNB2, in MEL285 UM-EVs)) Y6261 However, their expression was not
uniformly increased in EVs derived from all UM cells.

Notably, when we mined for proteins differentially expressed between primary and metastatic UM-EVs (MEL270
UM-EVs vs. OMM2.5 UM-EVSs), we found that primary UM-derived EVs were enriched for proteins involved in the
regulation of cell growth (i.e., PCNA and CDK1) and in metastatic organotropism (i.e., integrins, Coronin 1C and
CD151) [831641 Coronin 1C is highly expressed in invasive human cancers and correlates positively with increased
metastatic risk 83, CD151 is a tetraspanin associated with tumor metastasis, and is correlated with poor prognosis,
decreased overall survival and increased recurrence 64l Similarly, HSPB1 3! was also increased in EVs derived
from MEL270. HSPBL1 has been reported to play an important role in UM micrometastasis 2 and acts as switch
between tumor dormancy and tumor progression in breast cancer B8, In contrast, proteins transported by
metastatic UM-EVs are involved in the maintenance of the metastatic niche, mainly ECM modeling and
organization (i.e., collagens, ECM1 and matrix metalloproteases (i.e., MMP2)) B8l previously, we reported
that collagen IV-conveyed signals are essential cues for liver metastasis in several tumor types including UM and
identified mediators of collagen IV signaling as potential therapeutic targets in the management of hepatic
metastases. In addition, ECM1 promotes migration and invasion by inducing EMT 2 and MMP-2 is recognized as

a crucial contributor to liver metastasis.

Our proteomic analysis unravels other markers that could be valuable as diagnostic and prognostic tools (i.e.,
Nidogenl; NID1). NID1 is a basement membrane glycoprotein that is involved in ECM cellular interactions, cell
migration and invasion, promotes melanoma metastasis, and is correlated with poor clinical outcomes. In our study,
high levels of NID1 were found in EVs derived from OMM2.5 (metastatic) cells. Previously, NID1 has been

proposed as a new biomarker for disease progression and therapeutic target in breast cancer and melanoma 9.

In this study, we used an in vivo model to test whether UM-EVs could promote tumorigenesis. As shown by our
group previously, exposure of cancer patient-derived EVs to single-oncogene mutated cells (such as Fibro-BKO,
HEK 293 and PTEN KO MCF) resulted in malignant transformation of the recipient cells and induction of tumors in
vivo. Here we injected NOD-SCID mice with Fibro-BKO cells exposed to UM cell-derived EVs and found a similar
effect: Fibro-BKO cells exposed to UM cell-derived EVs developed tumors in vivo, while those exposed to NCM-
derived EVs did not. Our in vivo study provides evidence that EVs derived from UM cancer cells have the potential

to promote tumorigenesis in primed cells.

The selective enrichment of metastatic factors and signaling pathway components in UM-derived EVs will

contribute to our overall understanding of the regulatory networks involved in the establishment of the tumor

https://encyclopedia.pub/entry/2775 4/11



UM-EVs involved in tumor progression | Encyclopedia.pub

microenvironment. This information will be helpful in elucidating the pathophysiological functions of tumor-derived
EVs, and aid in the development of UM diagnostics and therapeutics. In light of the data shown here, further
studies to assess the downstream pathways that are altered in recipient cells are needed. Furthermore,
understanding the role EVs play in mediating pro-tumor and in particular pro-metastasis processes in target
organs, such as the liver are needed. Finally, validation of protein signatures, and potential biomarkers, are needed

in EVs isolated from UM patient blood.

| 3. Conclusions

Metastasis is rarely found during diagnosis of primary UM and many patients already have organ specific
micrometastases by the time the ocular tumor is detected /11, Moreover, CTCs have been detected at primary UM
diagnosis, preceding the clinical detection of metastasis /2. There remains an urgent need for tools that will aid in
the screening and monitoring of tumor burden. As the molecular contents of EVs reflect their cellular origin, EVs
derived from cancer patient plasma can prove vital to the understanding of tumor progression, metastatic risk and
allow real time evaluations of therapeutic outcome. This ability renders them prone to be used in liquid biopsy for
detection of cancer biomarkers!Z3 /4] |n the present study, we profiled the proteome of pure preparations of EVs in
the context of UM and characterized their behaviour. The next step is to perform a comparative proteome profiling
of EVs derived from both healthy individuals and from patients presenting with either uveal nevi or melanoma, with

the ultimate goal of developing a non-invasive method to detect UM metastasis with high sensitivity and specificity.
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