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Extracellular vesicles (EVs) are crucial elements that sustain the communication between tumor cells and their
microenvironment, and have emerged as a widespread mechanism of tumor formation and metastasis. In obesity,
the adipose tissue becomes hypertrophic and hyperplastic, triggering increased production of pro-inflammatory

adipokines, such as tumor necrosis factor q, interleukin 6, interleukin 1, and leptin.
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| 1. Introduction

Chronic inflammation, a well-established characteristic of obesity, is a central component of tumor development
and progression LB and is characterized by metabolic dysregulation and/or reprogramming 4. The role of
adipose tissue in cancer is reinforced by the following attributes: (i) adipocytes are major components of the tumor
microenvironment from tumors that are capable of metastasizing to the abdominal areas in breast, gastric, ovarian,
and colon cancers; (ii) adipose tissues and the tumor microenvironment share the presence of inflammatory cells,
especially macrophages !; (iii) adipose tissues are capable of recruiting immune cells & ; (iv) secretion of pro-
angiogenic molecules € ; (v) adipose tissues provide excess substrate for adenosine triphosphate (ATP)
production and lipid membrane generation [JE: (vi) adipose tissues secrete large amounts of extracellular

vesicles (EVs), thereby mediating cell-to-cell communication 21191,

In 2011, Hanahan and Weinberg revisited the hallmarks and proposed that tumors consist of more than just
proliferative cancer cells; in fact, they are complex tissues composed of distinct cells types capable of interacting
with each other in the so-called tumor microenvironment, which plays an active role in tumorigenesis, allowing the
development of certain hallmark characteristics. Consequently, two other emerging hallmarks including

dysregulation of cellular metabolism and evasion of immune destruction were added to this list 1],

It is well established that EVs derived from tumor cells can transform non-tumor cells or confer them with
metastatic ability. EVs derived from MDA-MB-231 breast tumor cells induced epithelial-mesenchymal transition
(EMT) in MCF-10 breast epithelial cells [22. EVs derived from another triple-negative breast tumor cell (HCC1806)
induced proliferation and drug resistance in MCF-10 cells through the alteration of genes and microRNAs
(miRNAs) related to proliferation, invasion, and migration pathways 13, Shen et al. showed that highly metastatic

HO8910PM ovarian tumor cells can transfer EVs enriched with CD44 to poorly metastatic HO8910 cells, thereby
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increasing their malignancy 24, Furthermore, Sakha et al. observed that exosomes derived from the highly
metastatic human oral cancer cell line HOC313-LM can transfer microRNA (miR)-1246 to the poorly metastatic
cancer cell line HOC313-P, leading to an increase in its mobility and invasion (151 However, the focus of our review

is to highlight the crosstalk between EVs derived from adipose tissues (AT-EVs) and tumor cells.

Importantly, AT-EVs modulate several cell biological capabilities that are characteristic hallmarks of cancer ( Figure
1).
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Figure 1. Extracellular vesicles (EVs) derived from adipose tissues modulate the acquisition and maintenance of
cancer hallmark traits. EVs derived from adipose tissue modulate the acquisition and maintenance of the hallmark
traits of cancer. MicroRNA (miR); circulating-RNA (circ-RNA); procollagen galactosyltransferase 2 (COLGALT?2);
cAMP response element-binding protein (CREB); CAA (cancer-associated adipocytes); ubiquitin-specific-
processing protease 7 (USP-7); interleukin-8 (IL-8), C-C motif chemokine ligand 2 (CCL2), and vascular endothelial
growth factor-D (VEGF-D); epidermal growth factor receptor 1 (EGFR1); interleukin 6 (IL-6); metalloproteinase 3
(MMP-3); metalloproteinase 9 (MMP-9); transforming growth factor B (TGF-B); janus kinase (JAK); signal

transducer and activator of transcription 3 (STAT-3); hypoxia-inducible factor-1 a (HIF1-a); von-Hippel Lindau tumor
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suppressor (VHL); mitochondrial fission protein 1 (FIS-1); mitochondrial dynamin-like GTPase (OPA-1); fatty acid
oxidation (FAO); human telomerase reverse transcriptase (hTERT); yes-associated protein 1 (YAP); taffazin (TAZ);
caspase 3 (Casp-3); apoptotic peptidase activator factor 1 (APAF-1); Fas-associated death domain protein (FADD);
GTPase-binding protein rid1l (RID1); SRY-box transcription factor 9 (SOX-9).

| 2. AT-EVs and the Hallmarks of Cancer

An important hallmark of cancer cells is their ability to evade apoptosis, both in situations of nutrient deprivation
and in the presence of chemotherapeutic drugs 4. In this context, Wang et al. showed that human exosomes
derived from mesenchymal stem cell (MSC)-differentiated adipocytes protected breast cancer cells from apoptosis
induced by serum starvation and treatment with the chemotherapeutic drug, 5-fluorouracil. Furthermore, the
authors showed that adipocyte-conditioned medium devoid of exosomes was unable to protect breast cancer cells
from apoptosis (28l In contrast, Reza et al. demonstrated that exosomes from adipose tissue-derived MSCs
(ADMSCs) contain several miRNAs that induce the expression of the pro-apoptotic protein B-cell lymphoma 2 (Bcl-
2) associated protein X (Bax), and caspase-9 in SKOV-3 and A2870 ovarian cancer cells, thereby impairing cell

proliferation, wound repair, colony-forming capacity, and cell survival 12,

In the tumor microenvironment, interactions between the stroma and tumor cells are fundamental for tumor
progression 18, Exosomes play a key role in this communication, linking the diseased and healthy cells 22, As
mentioned above, exosomal crosstalk between adipose tissue and cancer cells may be a significant aspect of

tumor progression by reprogramming the surrounding cells 29,

Invasion and metastasis are multistep processes that involve a multitude of successful biological changes in which
cancer cells migrate to distant sites, triggering the formation of a premetastatic niche at secondary sites beyond the
primary tumor 21, The metastatic niche recruits immune cells and is enriched in molecular components that induce
EMT in the cancer cells. Within the primary tumor, local invasion occurs first, followed by the intravasation of
cancer cells into the blood and lymphatic vessels, and extravasation into the parenchyma of distant tissues, with

the formation of micrometastasis, which grows into macroscopic tumors 21,

Lin et al. demonstrated that human ADMSC-derived exosomes increased the migration of the breast cancer MCF7
cells through the upregulation of the Wnt signaling pathway, and treatment of the cells with exosome-depleted
original ADMSC-conditioned medium resulted in significantly decreased migratory capacity 22, Wu et al. treated
breast cancer MCF-7 cells with human ADMSC-derived exosomes and demonstrated that this microenvironment
increased migration and invasion of the tumor cells and enhanced EMT by crosstalk between two signaling
pathways: TGF-B/Smad and PI3K/AKT 28], Furthermore, the uptake of exosomes secreted by CAA by melanoma

cells allows the exchange of enzymes implicated in FAO and increases their migratory capacity (24,

Adipose tissue can trigger modifications in distant tumor cells by exchange of EVs through circulation ( Figure 2).
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Figure 2. Summary of the crosstalk between the EVs derived from adipose tissues (AT-EVs) and several types of
cancers. EVs released from adipose tissue macrophages are enriched in miR-155, whereas miR-144 is
downregulated inducing inhibition of p53 and decreased apoptosis in breast cancer cells. AT-EVs increase
phosphorylation of cCAMP response element-binding (CREB) protein increasing the proliferation of breast cancer
cells. AT-EVs increase the proliferation of breast cancer cells via induction of procollagen galactosyltransferase 2
(COLGALT?2). AT-EVs increase extracellular signal-regulated kinase (ERK) and Wnt/B-catenin signaling pathways
inducing an increase in the proliferation of breast cancer cells. AT-EVs enriched in SRY-box transcription factor 9
(SOX-9) induce tumorigenesis in breast cancer cells. AT-EVs from diabetic patients are enriched in epidermal
growth factor receptor 1 (EGFR1)/interleukin 6 (IL-6) and induce an increase in migration and invasion of breast
cancer cells via Janus kinase (JAK)/Signal transducer and activator of transcription 3 (STAT-3) signaling. AT-EVs
increase TGF-B/SMAD signaling pathway triggering epithelial-mesenchymal transition (EMT) in non-metastatic
breast cancer cells. AT-EVs induce PI3K/AKT signaling in MDA-MB-231 cells, thus increasing their migratory
capacity. AT-EVs induce yes-associated protein 1 (YAP) and taffazin (TAZ) inducing cell growth in breast cancer
cells. AT-EVs decrease apoptosis in breast cancer cells. AT-EVs enriched in mitochondrial fission protein 1 (FIS-1)
and mitochondrial dynamin-like GTPase (OPA-1) induce mitochondrial redistribution toward the edge of melanoma
cells increasing their migratory capacity. AT-EVs and EVs derived from cancer-associated adipocytes (CAA) fuel
free fatty acids to melanoma cells and increase fatty acid oxidation (FAO) increasing their migratory and invasive
capacities. AT-EVs increase metalloproteinase 3 (MMP-3) in lung cancer cells increasing their invasive. AT-EVs
increase tumor progression of lung cancer. AT-EVs increase FAO and induce tumor progression in prostate cancer.

AT-EVs enriched in circulating RNAs (circ-RNAs) induce hypophosphorylation of ubiquitin-specific-processing
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protease 7 (USP-7) and an increase in cyclin in hepatocarcinoma cells. AT-EVs induce malignancy of
hepatocarcinoma cells via hypoxia-inducible factor 1 a (HIF-1a) binding to the von-Hippel Lindau tumor suppressor
(VHL). AT-EVs decrease apoptosis and increase chemoresistance in ovarian cancer cells via inhibition of the
apoptotic peptidase activator factor 1 (APAF-1). AT-EVs enriched in miR-31, interleukin 8 (IL-8), C-C motif
chemokine ligand 2 (CCL2), and vascular endothelial growth factor-D (VEGF-D) induce the formation of tube-like
structures by endothelial cells. AT-EVs enriched in miR-132 induce lymphangiogenesis via transforming growth
factor B (TGF-B)/Smad signaling. CAA undergo increased lipolysis and differentiate toward beige/brown adipocytes
phenotype fueling tumor cells with EVs. Leptin released from AT is possibly within EVs and induces an increase in
telomerase reverse transcriptase (hTERT) activity inducing resistance to apoptosis and senescence. Leptin, TNF-

a, and IL-6 may be released from AT-EVs inducing CD8* T cells exhaustion.

| 3. Dual Roles of AT-EVs in Tumor Cells: miRNAs

MiRs are involved in physiological and pathological processes [23l. They are transported inside EVs that provide
protection against degradation (different from when they are released directly into the body fluids or the circulation),

and mediate intercellular communication with cells in distant organs, in a systemic manner 281271,

However, how exosomes containing miRNAs affect cancer cells is not well established. Singh et al. showed that
exosomes derived from MDA-MB-231 breast cells are internalized by HMLE breast epithelial cells, inducing
invasive ability. These results suggest that non-invasive cells can internalize miR-enriched exosomes derived from
tumor cells that then change their characteristics [28. In another study, Li et al. observed that exosomes containing
miR-1246 are shuttled from MDA-MB-231 cells to epithelial breast cells. Furthermore, these exosomes induce cell
proliferation and migration in non-tumoral cells. These effects are associated with miR-1246, which targets CCNG2

expression 22,

MiR plays an important role in several types of cancers BYBLBE2l and studies have shown that miR-EVs derived
from hypoxic HepG2 cancer cells, which are enriched in miR-23, modulate the microenvironment to facilitate tumor
progression by increasing angiogenesis, a hallmark of cancer. However, not only are tumor cells capable of

releasing miR-EVs, but miR-EVs released by adipose tissue have been gaining prominence in cancer progression
133,

In contrast, miR-EVs can exert a dual role, and also exhibit antitumor action. Takahara demonstrated that miR-134,
which was previously described as a tumor suppressor, is present in ATMSC-derived EVs and suppresses the
growth of prostate cancer cells by inducing apoptosis via increased activity of B-cell ymphoma-extra large (Bcl-xL)
(34 Eexosomes derived from human adipose-derived mesenchymal stem cells are enriched in miRNAs with anti-
cancer activities. These exosomes impair ovarian cancer cell proliferation by inducing apoptosis and blocking the
cell cycle through the upregulation of different pro-apoptotic molecules 4. Furthermore, it has been demonstrated
that intra-tumor injection of ATMSC-Exos enriched in miR-122 enhanced the chemosensitivity of HCC cells to

chemotherapeutic agents in vivo (221,
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| 4. Perspectives on Immune Cells

Similar to macrophages, tumor-associated neutrophils (TANs) may exhibit two different phenotypes: cytotoxic (N1)
and immunosuppressive (N2) [B6IE738] N1 produces high amounts of TNF-a and ROS, and has an increased
phagocytic capacity, resulting in a decrease in tumor growth 8. In contrast, N2 presents a pro-tumor profile that
contributes to tumor growth, angiogenesis, and metastasis 2249 Furthermore, the contribution of TANSs to tumor

development is dependent on the tumor stage 4],

Our group has shown that human adipose tissue releases microparticles derived from pre-adipocytes, adipocytes,
neutrophils, and other leukocytes B, which affects breast cancer cells 2% and could affect the tumor

microenvironment.

Mahmoudi et al. showed that ADMSCs produce exosomes that are internalized by human neutrophils. These EVs
decrease neutrophil apoptosis and increase phagocytic capacity 2. In agreement, these data suggest that
ADMSC-derived exosomes shift neutrophil polarization toward an N1-like profile, which may be a potentially

interesting strategy for cancer treatment.

As mentioned previously, PD-L1, present in many cancer cells, binds to the PD-1 receptor on T cells, leading to
suppression of antigen-derived activation and checkpoint response in these cells 43l Patients with melanoma and
head and neck cancers have exosome-enriched PD-L1 in plasma samples #4451 |n addition to PD-L1-enriched
exosomes being considered as a biomarker for cancer, we could consider the use of anti-PD-1 therapy 441, In this
context, Zhou et al. observed that human exosomes derived from AT-MSCs are rich in miR-424-5p when compared
to exosomes derived from MSCs. The authors treated MDA-MB-231 breast cancer cells with exosomes derived
from AT-MSCs enriched with miR-424-5p and observed downregulation of PD-L1 expression. Tumor cells that
received these exosomes presented high levels of apoptosis when co-cultured with T cells. Finally, when miR-424-
5p was delivered via exosomes intratumorally in mice, breast cancer grew slowly, and tumor growth was strongly
suppressed 48, Taking these data into consideration, treatment with exosomes derived from AT-MSCs enriched

with miR-424-5p represents an interesting strategy to induce cytotoxic T cells in tumor cells.
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