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Abstract

Background and Objective: Obesity affects hundreds of millions of people worldwide and 

is characterized by chronic inflammation and insulin resistance, leading to Type II diabetes and 

atherosclerotic cardiovascular disease. Extracellular RNAs (exRNAs) are among the components 

which effect immune actions under obese conditions, and technological advances in recent years 

have rapidly increased our understanding of their roles and functions. Here we review essential 

background information on exRNAs and vesicles as well as the impact of immune-derived 

exRNAs in obesity-related disease. We also offer perspectives on clinical applications of exRNAs 

and future research directions.

Methods: We searched PubMed for articles relevant to immune-derived exRNAs in obesity. 

Articles written in English and published prior to May 25, 2022 were included.

Key Content and Findings: We report findings on the roles of immune-derived exRNAs which 

are important in obesity-related disease. We also highlight several exRNAs derived from other cell 

lineages which act on immune cells in metabolic disease.

Conclusions: ExRNAs produced by immune cells have profound local and systemic effects 

under obese conditions and can impact metabolic disease phenotypes. Immune-derived exRNAs 

represent an important target for future research and therapy.
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Introduction

Extracellular RNAs (exRNAs) perform a variety of cellular functions in many physiological 

and disease conditions, and our understanding of their role in biology is rapidly advancing. 

Obesity and its related cardiovascular and metabolic disease components represent a global 

pandemic affecting hundreds of millions of people worldwide (1–4).

The chronic inflammation and insulin resistance which characterize obesity-related disease 

are mediated in large part by the immune system and have been extensively studied (5). 

ExRNAs contribute to inflammation, glucose metabolism, and insulin resistance under 

obese conditions, and some RNAs are associated with human metabolic disease status 

(6–8). Additionally, exRNAs derived from immune cells contribute to many of their diverse 

functions, including antigen presentation, gene expression, T cell priming and costimulation, 

and monocyte differentiation (9–11). However, the role of immune-derived exRNAs in 

obesity-related disease is yet to be clearly defined, representing an exciting target for future 

research (12).

In this review, we describe essential background information on exRNAs produced by 

the immune system, their role in obesity-related disease, and perspectives on clinical 

applications and future research directions. We present the following article in accordance 

with the Narrative Review reporting checklist (available at https://exrna.amegroups.com/

article/view/10.21037/exrna-22-15/rc).

Methods

We searched the PubMed database for all scientific publications relevant to the scope of 

this review on immunederived exRNAs in obesity-related disease. We filtered for articles 

published in English prior to May 25, 2022. Our search strategy is outlined in Table 1.

ExRNAs from immune cells

Since exRNAs were first reported by Fred Griffith in 1928 (13), they have been the 

subject of extensive research. Naked exRNAs can be easily degraded by extracellular 

RNase I, so the most thoroughly studied exRNAs have been those carried by extracellular 

vesicles (EVs). With the advancement of research, the classification of EVs keeps evolving, 

but generally, they can be divided into two major categories: exosomes, and ectosomes 

(microvesicles and macrovesicles) (14).

Accumulated studies demonstrate that exosomes can be produced by most cells, which 

includes immune cells, such as T cells, B cells, natural killer (NK) cells, monocytes, 

macrophages, neutrophils, and dendritic cells (DCs). In 2002, Nicolas Blanchard reported 

that human T cells could produce microvesicles with a diameter of 50–100 nm, bearing 

TCRβ, CD3ε, and ζ (15). Similar discoveries were made by Roberto Alonso in 2007 

of stimulated T cell-secreted exosomes carrying several bio-active proteins (16). Both 

immature and mature dendritic cells can generate exosomes, through which they can transfer 
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histocompatibility complex (MHC)-peptide complexes to other DCs (9). Activated B cells 

can secrete exosomes carrying pMHC-II (10).

Composition

Exosomes

Exosomes can be generated by all cell types through inward budding of the endocytic 

membranes and further forming with intracellular multivesicular bodies (MVB) (17). 

During this process, intraluminal vesicles (ILVs) are formed, termed “exosomes”. Generally, 

exosomes, mirroring donor cells, are formed containing any of a multitude of nucleic 

acids, proteins, and lipids. A shared mechanism of formation and transportation across all 

the exosomes, which is controlled by endosomal sorting complexes required for transport 

(ESCRT) proteins such as Alix, TSG101, HSC70, and HSP90β, can be found in all the 

exosomes (18,19). Tetraspanins and small transmembrane proteins are vital for trapping 

luminal proteins, which are a common presence in all the exosomes. Other compositions 

may vary following different cells or variant microenvironments. In one study reported 

in 1998, enriched CD86, CD37, CD53, CD63, CD81, and CD82 were found in human 

B cell-derived exosomes through Western blot and electron microscopy (20). In 2005, a 

study published in Blood reported that exosomes from DCs could express functional MHC 

class I and II molecules as well as T-cell costimulatory molecules (9). As more advanced 

methods are adopted in EV research, more exosomal components have been discovered. 

Different components were compared between healthy and sick patients and treated and 

untreated groups to explore more therapeutic targets. Kim et al. reported the exosomal 

miRNAs profiles of patients without diabetes with obesity were altered compared with 

patients with diabetes with obesity (8). MiR-122, miR-192, miR-27a-3p, and miR-27b-3pre 

in plasma were confirmed to increase in obese mice (6). Jurkat cells derived exosome was 

enriched in Valosin-containing protein (VCP), while the exosomes from T cells had higher 

sphingomyelin and cholesterol, which was reported in a recent lipid-omics analysis (21). 

Plasma exosomes showed increased oxidative stress markers (cystine, oxidized cys-gly) and 

decreased polyunsaturated fatty acids (PUFA) in HIV patients (22).

Ectosomes

Ectosomes include microvesicles and macrovesicles. The formation of ectosomes is different 

from the exosome. The former bud from the plasma membrane, and the latter is from the 

endocytic membrane. Like exosomes, ectosomes also contain proteins, nucleic acids, and 

lipids. But they are different from exosomes in specific compositions, even from the same 

cell, based on the studies carried out by Mathieu et al. (23). The authors identified the 

presence of LAMP1 was specific to exosomes and that BSG and SLC3A2 were unique to 

ectosomes through comparative proteomic analysis (23). Ectosomal membranes are enriched 

in glycoproteins and metalloproteinases. In the new reassessment of the composition of the 

vesicles, Annexin A1 as a specific marker for microvesicles (ectosome) was identified (19).
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Function

Exosomes

Exosomes play important roles in immune activity, such as antigen presentation, activation, 

immune escape, differentiation, recruitment, and modifying the gene expression of recipient 

cells. Activated B cells can release exosomes carrying pMHC-II to primed CD4 T cells 

(10). DCs may adjust their functions through exosome-shuttle miRNAs and MHC-peptide 

complexes. They can also secrete exosomes to induce antigen-specific T-cell activation. 

However, the exosome from cancer cells can reduce T-cell activity, cytokine production, 

and induce apoptosis to achieve immune escape to promote tumor growth (24,25). NK 

cell-derived exosomes carrying miR-186 can prevent tumor growth and TGFβ1-dependent 

immune escape in neuroblastoma patients (26). In sum, exosomes, just like a two-edged 

sword, can strengthen or weaken the human immune system, which will be determined by 

their donor cells.

Ectosomes

Ectosomes have broad functions from building communication networks, mediating 

growth, cellular energy transportation, and coagulation. Macrophagederived microvesicles 

(ectosomes) can transfer RNA molecules to targeted cells and promote the differentiation 

of naïve monocytes (11). In recent research, nutrient deprivation-induced ATP-laden 

microparticles released by melanoma cells can increase extracellular ATP concentration in 

the colon tumor microenvironment, which can improve the efficacy of anti-cancer therapy 

(27). It also has been reported that immune cell-derived microparticles can transfer integrin 

αMβ2 to tumor cells, which can further promote their migration and metastasis (28). In 

a new trial of cancer treatment, Li et al. found that platelet-derived microparticles can 

bind to PD-1 receptors to activate T cells in tumor tissue after they combined surgery 

and tumor-associated macrophages depleting drugs, which may facilitate immunotherapeutic 

modalities (29). Activated platelets can also secrete microparticles to initiate coagulation 

(30).

ExRNA action routes

EVs and exRNAs can exert their effects on cells through autocrine, paracrine, and endocrine 

effects (Figure 1). One study found that breast cancer cells stimulated by fibroblasts 

enhanced stromal mobilization via an autocrine effect of Wnt11-associated exosomes (31). 

Another study showed that mouse B16BL6 melanoma cells secreted exosomes to promote 

growth and inhibit apoptosis (32). Neither of the above studies examined EV RNA contents, 

though it is likely that exRNA autocrine effects exist and have yet to be described. EV 

paracrine effects are better established, especially in the context of immune cells, where 

EVs can assist with antigen presentation and cell activation (33). ExRNA-containing EV 

endocrine effects are the best studied, likely because of the relative ease of collecting 

and analyzing blood EVs. For example, EVs containing miR-155 enhanced atherosclerosis 

progression when secreted by neutrophils (34), and they also increased insulin resistance 

in obese mice when secreted by adipose tissue macrophages (35). Adipocyte-derived EVs 

can act as “adipokines” regulating gene expression in distant tissues in mice and humans 

Karlinsey et al. Page 4

ExRNA. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



via a microRNA-mediated mechanism (36). There are many other examples of exRNAs 

in multiple disease contexts which have been thoroughly reviewed elsewhere (14,37). 

Circulating, stable miRNAs have also been identified in humans outside of vesicles, though 

their functions are less clear (38–40).

Exosomes interact with target cells through several mechanisms: their primary mechanism 

of action on target cells is via the effects of delivered cargo; they can interact at the cell 

surface without delivering cargo, such as in antigen presentation (10,41–43); or they can 

undergo endocytosis followed by degradation, cargo delivery, or subsequent recycling and 

secretion (31) (Figure 1). While exosomes can carry a variety of cargoes including protein, 

lipids, metabolites, DNA, and RNA (44), we will focus on the effects of RNAs in this 

review.

Nearly every known class of RNA has been found in EVs, including mRNA, miRNA, tRNA, 

snoRNA, rRNA, and piRNA (45–49). EV RNAs can be selectively determined, as evidenced 

by the fact EV RNAs differ from overall donor cell RNA composition and that specific 

RNAs are sorted into EVs (50–53). Extra-vesicular exRNAs are primarily miRNAs, bound 

to either proteins or lipoproteins such as HDL or LDL cholesterol (38–40).

In both cases, circulating exRNAs must undergo several steps in their interactions with target 

cells to exert their function (Figure 1). Several excellent, in-depth reviews on the subject are 

already available (54,55), and thus we will give a basic overview here. First, the RNA must 

enter the cell, mediated primarily through endocytosis. Other reported mechanisms include 

direct membrane fusion, micropinocytosis, and phagocytosis (55–58). Uptake of EVs can be 

non-specific, but it may also be selective (59). Next, endosomal RNA from EVs must leave 

the endosome and enter the cytosol where it can perform its functions. This represents a 

major bottleneck in exRNA delivery, as endosomes are primarily targeted for degradation. 

Additionally, RNAs that escape EVs to either the endosome or the cytosol may activate 

innate immune receptors, especially as pathogens may use EVs for virulence (60–62).

ExRNAs that enter the cytosol act on target cells largely as they would in the donor cells 

that produce them. MiRNAs can interact directly with the RNA-induced silencing complex 

(RISC) from the target cell to perform gene silencing; alternatively, miRNA processing 

machinery may also be packaged in EVs with miRNAs, though this is controversial 

(19). EV-derived mRNAs can be translated, though it appears that their contribution to 

protein expression is negligible (63). tRNAs, one of the most abundant non-coding RNA 

populations in EVs, can function to modulate immune responses in addition to their roles in 

protein expression and epigenetics, but their role in target cells remains unclear (47).

Obesity and immune-derived exRNAs

How obesity affects exRNA production from immune cells

Obesity is a risk factor for an expanding set of comorbidities, including cardiovascular 

disease, type II diabetes mellitus, and non-alcoholic fatty liver disease (5,64,65). White 

adipose tissue (WAT) dysfunction is central to obesity-associated risk by contributing to 

systemic, low-grade inflammation and insulin resistance (5,66,67). In lean adipose tissue, 
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resident immune cells maintain tissue fitness; however, WAT inflammation activates and 

is reinforced by pro-inflammatory immune cell proliferation and infiltration, including 

macrophages, B cells, T cells, and NK cells (66–69). Adipose tissue-derived exosomes 

are important to local and systemic metabolic health, particularly through the delivery 

of microRNAs (6,36,70). Injection of exosomes from obese adipose tissue induced 

insulin resistance in non-obese mice (6,70) and stimulated pro-inflammatory macrophage 

polarization (70); however, the cellular origins of these exosomes were not defined. During 

diet-induced obesity, WAT-exosome content is altered towards a pro-inflammatory profile, 

particularly for key immune-regulatory microRNAs (6,71), which alter target-cell actions in 

a lineage-specific manner. Adipose tissue is a significant source of circulating microRNAs in 

obesity (72). While adipocytes and all immune cells can release and respond to exosomes, 

adipocytes and macrophages have received the most attention in the context of obesity and 

exosomal RNA signaling.

Adipose tissue macrophages (ATMs) are the most abundant immune cell within WAT and 

are crucial to maintaining homeostatic functions through diverse actions (67,73). However, 

during obesity, pro-inflammatory ATMs are predominant and bolster local inflammation 

and metabolic dysfunction. Obese ATMs secrete proinflammatory mediators including 

inflammatory cytokines and pro-fibrotic factors that modulate adipocyte insulin sensitivity, 

extracellular remodeling, adipogenesis, and angiogenesis (66). Emerging evidence supports 

exosomal RNA transfer between ATMs and adipocytes regulates either’s function (73), 

suggesting exosomes are an important mode of communication between cells within obese 

WAT.

During lean conditions, anti-inflammatory ATMs predominate, and administration of ATM-

exosomes from lean WAT ameliorates metabolic dysfunction during diet-induced obesity 

(35,74). ATM-exosomes’ content from obese and lean conditions are unique in several 

key microRNAs, including miR-155 and miR-690 (35,74) (Figure 2). Indeed, deletion of 

the microRNA processor Dicer in macrophages negates the benefit of anti-inflammatory 

macrophage-exosomes administration under obesity (35). MiR-155 is a ubiquitous immune 

regulator that modulates macrophage polarization (75) and has been implicated in adipocyte 

differentiation (76). MiR-155 expression is more abundant in ATM-exosomes during 

obesity, and injection of these exosomes increased miR-155 levels in metabolic tissues 

including adipocytes, muscle, and liver (35). In opposition Ying et al. (74) showed that 

miR-690 is enriched in exosomes from anti-inflammatory ATMs and in lean conditions 

and is likewise increased in metabolic tissues following injection of miR-690-containing 

exosomes. Exosomal delivery of miR-690 alone ameliorated metabolic dysfunction, in part, 

through repressing NADH kinase (Nadk) in adipocytes (74).

Adipocyte-exosomal microRNAs regulate local and systemic inflammation and metabolism 

in part by modulating immune cell recruitment and activation. Adipocyte-specific deletion 

of the microRNA processor Dicer significantly impaired adipose tissue functions and altered 

plasma exosomal content (36). MiR-27a is increased in serum of obese humans and animal 

models and elevated specifically in adipocyte-exosomes under obesity (6,77). MiR-27a 

can repress translation of Peroxisome proliferator-activated receptor gamma (PPAR-γ), 

an important transcription factor in adipogenesis, mature adipocyte lipid metabolism, 
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and macrophage polarization (77–80). Although not studied in the context of exosomes, 

miR-27a expression modulates adipocyte glucose utilization via PPAR-γ repression (81), 

and knock-down ameliorates metabolic dysfunction during obesity (82). In addition, 

adipocytes cultured in excessive lipid levels secreted abundant miR-27a and instigated 

macrophage migration, an effect abrogated by miR-27a inhibitors (82). Likewise, Pan et al. 
(83) found that miR-34a is highly expressed in mature adipocytes and is elevated in obese 

humans and mouse models. In this study, adipocyte-specific deletion of miR-34a improved 

metabolic function under diet-induced obesity in a macrophage-dependent manner. The 

authors found that adipocyte-exosomes from obese mice were enriched in miR-34a, which 

were confirmed to be taken up by macrophages and induced a subsequent increase in 

miR-34a expression. Extended incubation with adipocyte-derived exosomes from obese 

conditions impeded anti-inflammatory macrophage polarization, an effect mediated by 

miR-34a repression of anti-inflammatory transcription factor Kruppel-like factor 4 (Klf4) 

(83).

Although less studied, NK cells also contribute to WAT inflammation during obesity 

through pro-inflammatory mediators. Exosomal delivery of miR-1249–3p from NK cells 

to adipocytes has been implicated in supporting metabolic health by repressing SKI family 

transcriptional corepressor 1 (SKOR1), a regulator of pro-inflammatory signaling (84). 

These studies urge further investigations into exosomal-RNAs and microRNA exchange 

between adipose tissue resident immune cells and adipocytes in obesity, presenting a 

targetable mechanisms of obesity-induced WAT dysfunction.

exRNAs in obesity-related disease

Epidemiological studies have investigated the association of exosomal content across 

healthy individuals and those with obesity-associated conditions (7); however, whether 

observed changes contribute to disease or are a consequence must be established. Obesity 

increases the risk of nonalcoholic fatty liver disease (NAFLD), a spectrum of conditions 

ranging from triglyceride accumulation in hepatocytes (steatosis) to liver fibrosis that 

significantly impairs liver function. Infiltration of pro-inflammatory macrophages plays a 

central role in the development of inflammation that leads to NAFLD and liver fibrosis 

(5,85). Serum exosomes are more abundant in NAFLD patients and correlated with disease 

severity. Both serum exosomes and the exosomes from hepatocytes cultured under NAFLD-

like conditions are abundant in miR-192–5p (86). Macrophages cultured with miR-192–5p-

containing hepatocyte-exosomes became pro-inflammatory through targeting of Rapamycin-

insensitive companion of mTOR (Rictor), demonstrating an exosome-dependent mechanism 

that accelerates NAFLD progression (86). Further, exosomes from IL-6 stimulated 

macrophages can impede NAFLD via delivery of miR-223, a repressor of pro-fibrotic factor 

Tafazzin (TAZ) (87).

Cardiovascular disease causes significant mortality each year and is a co-morbidity of 

obesity (2–4). While the role of exosomes from circulating immune cells, endothelial 

cells, and vascular smooth muscle cells has been investigated (88), the link between obesity-

related changes in exosome abundance and content has not been well established. Further, 

in the case of Type II diabetes, while several studies have sought to determine exosomal 
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content as biomarkers for obesity-induced pathogenesis, the majority are done in patients 

suffering from both obesity and diabetes, complicating interpretations (89). Thus, more 

nuanced investigations into lineage-specific exosomes altered in obesity and their systemic 

target cells are needed to elucidate their impact on these obesity-induced diseases.

Clinical applications of exRNAs

The clinical applications of exRNAs are broad and actively being researched. Perhaps 

the most famous example of clinical exRNA usage is in the recent development of mRNA-

based SARS-CoV-2 vaccines delivered by lipid nanoparticles (90). However, in any mRNA 

delivery method, including EVs, activation of innate immune receptors is a major obstacle 

to overcome (46,60). Extracellular miRNAs have most commonly been investigated as 

biomarkers, and they are excellent targets for biomarker research because they are relatively 

protected from degradation by either the EVs that contain them or their protein carriers. 

Serum miR-223, for example, has been suggested for use as a biomarker for obesity (91), 

though there are many other relevant diseases. For further reading on EVs in human disease, 

we recommend the following review (37).

Extracellular miRNAs also hold significant therapeutic potential. EVs carrying a variety of 

molecules have been investigated for their use in cancer, immune-modulatory, regenerative, 

and even infectious disease therapies (92). Because EVs are non-immunogenic, enter cells 

relatively easily, are well-tolerated, and protect cargo from degradation, they are popular as 

vehicles for drug delivery (46,92). EVs specifically loaded with RNA also have promising 

clinical applications. Many studies have applied naturally-derived miRNA-containing EVs 

therapeutically, and miRNA-mimicking siRNAs and shRNAs have also been used to inhibit 

gene expression in target cells (93,94). For further reading on therapeutic applications and 

the associated technical challenges, we recommend the following reviews (46,95,96). In 

spite of the broad and well-characterized clinical applications of exRNAs and their known 

role in regulating insulin and glucose tolerance, their use for obesity and metabolic disease 

treatment has thus far been limited (6,14,35,55). Therefore, we believe that exRNAs could 

serve as a critical avenue for further clinical investigation.

Concluding remarks

ExRNAs perform critical functions to modulate cell actions under both healthy and disease 

conditions. Due to rapid technical advances, our understanding of exRNA and EV biology 

have increased tremendously in recent years, and we anticipate further improvements in the 

ability to characterize exRNAs and the EVs that may carry them in the near future. While 

there are several high-quality experimental studies demonstrating the profound effects of 

exRNAs derived from immune cells in models of obesity-related disease, these studies are 

relatively few in number. We hope that they will serve as a foundation for further work 

to investigate the mechanisms through which exRNAs impact metabolic disease. We also 

hope for more effective synthesis of exRNAs and EVs for therapeutic use, representing a 

promising avenue to limit the global impact from obesity and its related diseases.
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Figure 1. 
Immune cell-derived exRNAs and their routes of action. ExRNAs from immune cells can be 

produced both in EVs or bound to protein outside of vesicles. ExRNAs can act on both local 

and distant targets and can modulate the actions of target cells through multiple mechanisms. 

ExRNAs, extracellular RNAs; EVs, extracellular vesicles.
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Figure 2. 
ExRNAs from adipose tissue macrophages under lean and obese conditions. Under lean 

conditions, ATMs are generally antiinflammatory, promote insulin sensitivity, and secrete 

increased miR-690 in EVs. Under obese conditions, ATMs secrete EVs containing increased 

miR-155, miR-24a, and miR-27a, promoting inflammation and insulin resistance. ATMs, 

adipose tissue macrophages; EVs, extracellular vesicles.
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Table 1

Summary of the search strategy

Items Specification

Date of search May 25, 2022

Databases and other sources searched PubMed

Search terms ExRNA, obesity, adipose, miRNA, extracellular RNA, exosome, extracellular vesicle, immune

Timeframe Papers published before May 25, 2022

Inclusion and exclusion criteria We focused on exRNAs derived from immune cells and placed emphasis on publications related to 
their role in obesity and metabolic disease. Literature in languages other than English was excluded
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