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Abstract: Immunomodulation is on the cusp of being an important therapy for treating many dis-
eases, due to the significant role of the immune system in defending the human body. Although the 
immune system is an essential defense system, overactivity can result in diverse sicknesses such as 
inflammation and autoimmune disease. Exosomes are emerging as a state-of-the-art therapeutic 
strategy for treating an overactive immune system. Thus, exosomes have drawn great interest for 
their potential clinical applications in treating diseases associated with abnormal immune regula-
tion. Hence, in this review, we will discuss trends in exosome research related to inflammatory and 
autoimmune diseases. Possible therapeutic applications of exosomes will be summarized. Finally, 
an outlook to the future of exosomal therapy will be introduced. 
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1. Introduction 
Immunomodulation is on the cusp of being an important therapy for treating many 

diseases, due to the significant role of the immune system in defending the human body. 
Although the immune system is an essential defense system, overactivity can result in 
diverse sicknesses [1]. 

Representative consequences of an over-functioning immune system are inflamma-
tion and autoimmune disease. Inflammation results from an immune response against 
harmful stimuli. Appropriate inflammation is needed to protect the body, but severe in-
flammation can cause dangerous, unwanted effects and impair tissue function at the dis-
ease site [2]. Autoimmune diseases develop when effector immune responses against the 
body’s own tissues are not properly controlled [3]. 

Exosomes are emerging as a state-of-the-art therapeutic strategy for treating an over-
active immune system. Most cells secrete exosomes, which can have a potent immuno-
modulatory activity, depending on the type of cell from which they originate. Their activ-
ity can be controlled by cell culture conditions [4,5]. Because exosomes are a cell-free ther-
apy, they have lower toxicity and generate less of an immune response than do cell-based 
therapies [6]. Additionally, exosomes have the potential to be a drug delivery system, be-
cause they protect internal biomolecules from degradation [7]. Thus, exosomes have 
drawn great interest for their potential clinical applications in treating diseases associated 
with abnormal immune regulation.  

Hence, in this review, we will discuss trends in exosome research related to inflam-
matory and autoimmune diseases. Possible therapeutic applications of exosomes will be 
summarized. Finally, an outlook to the future of exosomal therapy will be introduced. 
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2. Inflammation and Autoimmune Diseases 
2.1. Inflammation 

Inflammation is an immune response that defends the host against pathogens or 
damage. However, unregulated inflammation can cause many diseases. Inflammation is 
primarily mediated by innate immune factors, including cytokines, chemokines, and in-
nate immune cells [8].  

Inflammation can be classified into several types, including acute inflammation, 
chronic inflammation, neuroinflammation, and systemic inflammation. In many cases, in-
flammation is classified as acute or chronic depending on its strength or duration. Acute 
inflammation is the initial response to the stimuli. If such inflammation is not resolved or 
treated effectively, low-grade, long-term chronic inflammation occurs, continuing after 
the acute inflammation [9]. 

In general, inflammation is progressive [2]. Each stage advances to the next through 
the action of cytokines, signaling molecules that participate in immune cell interactions. 
The initial stage of inflammation occurs when immune cells recognize a pathogen or a 
form of damage through their pattern recognition receptors (PRRs). PRRs, which include 
Toll-like receptors (TLRs) and NOD-like receptors (NLRs), bind pathogen-associated mo-
lecular patterns (PAMPs), such as bacterial lipopolysaccharides (LPSs), or host-derived 
damage-associated molecular patterns (DAMPs), such as molecules released from a dying 
cell. Recognition of these ligands leads to the activation of inflammation-related transcrip-
tion factors such as nuclear factor kappa-light-chain enhancer of activated B cells (NF-κB), 
activator protein 1 (AP1), cAMP response element-binding protein (CREB), CCAAT-en-
hancer-binding protein (c/EBP), and interferon-regulatory factor (IRF) [8]. 

As is well known, NF-κB is a key transcription factor in the inflammation signaling 
pathway [10]. NF-κB is retained in an inactivated form in the cytoplasm by binding with 
IκB. After PRRs interact with a PAMP or DAMP, NF-κB becomes dissociated from IκB. In 
turn, NF-κB moves into the nucleus, and promotes the expression of inflammation-related 
genes. Most of these genes encode pro-inflammatory cytokines or chemokines, such as 
interleukin 1 beta (IL-1β), IL-6, tumor necrosis factor-α (TNF-α), monocyte chemoattract-
ant protein-1 (MCP-1), C-X-C motif chemokine ligand 1 (CXCL1), and CXCL10 [10]. Fur-
thermore, NF-κB signaling can regulate the survival, activation, and differentiation of in-
flammatory T cells. Thus, NF-κB has a crucial role in inflammation. 

Cytokines are the mediators of inflammation. They commonly have a role in signal-
ing pathways related to immune cell proliferation, differentiation, and activation  
(Figure 1). Chemokines are chemotaxis-related signaling molecules that are co-expressed 
with cytokines. These molecules, produced by the leukocytes that gathered earlier at the 
site of infection or damage, can recruit inflammatory effector cells into the site by inducing 
integrin expression [11].  

Inflammatory effector cells include mast cells [12], platelets [13], monocytes [14], 
macrophages [15], neutrophils [16], and inflammatory T cells [17]. These cells are recruited 
by chemokines; their proliferation, activation, and survival are controlled by cytokines. 
Furthermore, these cells not only participate in boosting inflammation, but also in repair-
ing or regenerating tissue that has been damaged by inflammation. 

Inflammation has gained attention because it can be caused by various factors other 
than infection. For example, a correlation between obesity and inflammation has been 
studied in great deal, in accordance with the increasing frequency of obesity [18]. Some 
studies show that obesity is accompanied by chronic low-level inflammation. In an obese 
state, inflammatory processes are activated in early stages of adipose expansion. Moreo-
ver, M1 macrophages, which are pro-inflammatory, are recruited into adipose tissue. Ad-
ditionally, Kupffer cells (resident macrophages of the liver) and recruited macrophages 
exhibit increased production of inflammatory cytokines and chemokines, which increases 
insulin resistance in hepatocytes. Furthermore, obesity causes intestinal permeability to 
increase, which in turn causes the circulating LPS level to increase. This phenomenon is 
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also related to type 2 diabetes [18]. Interestingly, anti-inflammatory agents are being used 
to treat type 2 diabetes [19].  

 
Figure 1. Schematic summary of immunoregulatory cells and cytokines. 

Aging, as well as obesity, might also cause inflammation. In fact, the word ‘inflam-
maging’ has been suggested [20], indicating a status in which there are increased levels of 
inflammatory markers in the blood. Mechanisms through which aging could result in in-
flammation include increased gut permeability, alteration of the microbiota composition, 
increased cellular senescence, NLRP3 inflammasome activation, and increased oxidative 
stress. Such aging-induced inflammation can increase the likelihood of cancer, type 2 di-
abetes, dementia, sarcopenia, depression, and other diseases [20]. 

As mentioned above, intestinal permeability also has an important role in the im-
mune response. Many researchers have found that the gut microbiota has an important 
role in the maintenance of intestinal permeability [21]. The representative chronic inflam-
matory disorder of the gut is inflammatory bowel disease, which includes Crohn’s disease 
and ulcerative colitis; this condition results from an abnormal immune response to com-
mensal bacteria [22]. Thus, in gut inflammation, the importance of commensal bacteria is 
gaining attention. 

2.2. Autoimmune Diseases  
The fundamental mechanism of autoimmune diseases is the imperfect elimination of 

self-reactive lymphocytes. Commonly, autoimmune diseases develop because of a com-
bination of genetic and environmental factors. In some cases, infection and commensal 
microbes can influence disease occurrence. 

Regulatory T cells (Tregs) play a key role in modulating the immune response [3]. 
Although the mechanism of the regulatory function of regulatory T cells is unclear, it has 
been known that cytokines such as IL-10, transforming growth factor beta (TGF-β), and 
IL-35 function as the means of regulatory function of the cells. Thus, if the number or 
function of Tregs decreases, defects in peripheral tolerance, allergic responses, and subse-
quent autoimmune diseases can develop. For example, in the model of autoimmune dis-
eases, the number of TH1-like regulatory T cells increases. The increased TH1-like regula-
tory T cells possess reduced immunomodulation function. Thus, this indicates that the 
maintenance of the function of regulatory T cells is important in autoimmune diseases [3]. 
Several studies have indicated that type 1 diabetes, multiple sclerosis (MS), myasthenia 
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gravis, rheumatoid arthritis, and other autoimmune diseases are caused by Treg deficien-
cies. 

However, abnormal Treg function is not the only cause of autoimmunity. The auto-
immune disease systemic lupus erythematosus (SLE) occurs because of the incomplete 
negative selection of immature B lymphocytes in the bone marrow. Imperfect B cell recep-
tor editing in B lymphocytes can also cause SLE. Such B lymphocytes, which exhibit self-
reactivity, produce autoantibodies [23]. In contrast to type 1 diabetes, which is an autoim-
mune disease in which the immune response is targeted against a specific organ (islet cells 
in the pancreas), SLE is generated by the loss of tolerance to systemically expressed self-
antigens [24]. 

Host–gut microbiota interactions play an important role in the development of self-
tolerance [22]. Interference with host–gut microbiota interactions increases susceptibility 
to autoimmune disease. Again, this effect occurs because of the role of the gut microbiota 
as a trainer of the host’s immune response. 

Overall, inflammatory responses can lead to tissue damage in the inflamed area and, 
more importantly, dysfunction in organs. Inflammatory diseases are summarized in  
Figure 2, which can also be seen as therapeutic targets. 

 
Figure 2. A schematic of the human body with inflammatory diseases. 

2.3. Treatment of Inflammation and Autoimmune Diseases 
Inflammation and autoimmune diseases share a common pathogenesis. Both occur 

because of a failure to control the immune response of the host. Thus, treating both con-
ditions involves targeting immune regulation. 

To treat inflammation, anti-inflammatory agents that can modulate inflammatory 
signaling are usually used. Up-to-date, non-steroidal anti-inflammatory drugs (NSAIDs), 
which inhibit prostaglandin production, are widely prescribed to patients [25]. Addition-
ally, studies on anti-inflammatory small molecules [26], serine protease inhibitors [27], 
microRNAs (miRNAs) [28], and natural products [29] are in progress.  
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Therapeutics that block self-reactivity are being tested for autoimmune diseases. For 
example, monoclonal antibodies that recognize B cells are being exploited to treat auto-
immune diseases [30]. These antibodies decrease the number of B cells and can alleviate 
disease severity. Administration of Tregs is also being tested [31]. In addition to these 
strategies, signaling pathway inhibitors [32], stem cell transplantation [33], and other ap-
proaches are being studied extensively. 

However, for a drug to be effective, various factors must be considered. One of them 
is drug toxicity. NSAIDs have gastrointestinal toxicity [25], and small molecules and miR-
NAs have toxicity issues [26,28]. In some cases, therapeutic antibodies are too large to 
penetrate the desired tissue easily. Moreover, the antibodies target extracellular antigens 
only, limiting their use [34]. Mesenchymal stem cell treatment in inflammation and auto-
immune diseases also faces challenges such as low cell survival rate, impaired paracrine 
effects, and poor homing capacity [35]. Therefore, to treat inflammation and autoimmune 
diseases effectively, new therapeutic approaches should be considered [36]. 

3. Composition and Immune Modulatory Function of Extracellular Vesicles  
Extracellular vesicles (EVs) are small and heterogenous endosome-derived vesicles 

encased in a phospholipid bilayer. These vesicles emerge from most cells and exist in body 
fluids including the blood, bile, urine, and saliva [5]. EVs have been divided into three 
types by their mode of biogenesis, cargo composition, and release pathway: apoptotic 
bodies (with diameters >1000 nm), microvesicles (100–1000 nm), and exosomes (30–150 
nm) [37]. On the basis of their size, EVs are further divided into small (<100 nm) and me-
dium/large (>200 nm) categories [38]. The terms “small EV” and “exosome” are used in-
terchangeably in many scientific papers. Exosomes are produced through the endosomal 
system in a pathway that involves sequential formation of the early endosome, late endo-
some, and multivesicular body (MVB), where intraluminal vesicles (ILVs) are generated 
through intraluminal budding. When MVBs fuse with the plasma membrane, ILVs are 
released extracellularly; these released ILVs are called exosomes [39]. Because exosomes 
originate from the endosome, they contain various biomolecular constituents according 
to their cell of origin. Therefore, exosomes have been described as a “fingerprint” of the 
origin cell [40]. 

Exosomes contain nucleic acids, metabolites, lipids, proteins, and peptides from the 
cell of origin [41]. The exosome membrane contains numerous raft-associated lipids, in-
cluding cholesterol, sphingolipids, ceramide, glycerophospholipids, phosphatidylcho-
line, and phosphatidylserine [42]. The exosomal membrane also contains various mem-
bers of the tetraspanin family of membrane proteins, including CD63, CD81 and CD9, heat 
shock proteins, adhesion molecules, integrins, and ESCRT-related proteins such as Alix 
and TSG101. Because of their abundance, tetraspanins, Alix, TSG101, and HSP70 are used 
as exosome markers [43]. Exosomes also contain a variety of RNAs, such as small RNAs, 
long RNAs, coding RNAs, non-coding RNAs, mRNAs, and miRNAs [44]. 

Exosomes mediate horizontal cell–cell communication through the activity of their 
intraluminal biomolecules, including proteins, nucleic acids, and metabolites. These mol-
ecules are taken up by recipient cells through phagocytosis, micropinocytosis, clathrin-
mediated endocytosis, caveolin-dependent endocytosis, and plasma membrane fusion, 
after which they are involved with intracellular signaling [39]. When RNAs are delivered 
via fusion of exosomes with recipient cells, they play a role in regulating many aspects of 
the cell’s phenotype and behavior, including the cell cycle, propensity for apoptosis, mi-
gration, inflammation, and angiogenesis [45]. 

Because they reflect information about the cell of origin, exosomes have the potential 
to serve as disease biomarkers. For example, the exosomes produced by cancerous tissue 
are not only abundant, but also include multiple cancer markers shed by cancer cells [46]. 
Tumor antigens obtained directly from cancerous tissue or from blood tests may be pre-
sent at much lower concentration. Furthermore, the identification of cancer in organs that 
are not exposed externally can involve invasive procedures, but exosomes can be obtained 
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through non-invasive means. Therefore, exosomes may be very useful as highly sensitive 
and non-invasive markers for both the diagnosis and prognosis of cancer [47]. 

Exosomes’ reflection of the properties and characteristics of the origin cell also has 
value in the realm of cell therapy. Problems in this area can potentially be solved by using 
exosomes as a cell substitute. Exosomes derived from certain cell types exhibit therapeutic 
effects in and of themselves. The source of exosomes with therapeutic effect comes from 
various sources as well as cell culture media. For example, immune cell- or mesenchymal 
stem cell (MSC)-derived exosomes contain biomolecules that can affect the proliferation 
or activity of the recipient’s innate and adaptive immune systems and thus function in 
immune regulation [5]. Exosomes extracted from milk are absorbed in the human gastro-
intestinal tract in an intact form, can be delivered orally, and are expected to be used as a 
drug delivery system for the treatment of various diseases through the advantage of ef-
fectively delivering chemotherapy agents [48,49]. Blood exosomes are used as biomarkers 
to diagnose diseases or to monitor progression or treatment efficacy [50,51]. Urine exo-
somes can be used as a biomarker to identify the kidney and genitourinary tract, and when 
injected, urinary exosomes migrate to the kidney. They aid tubular cell proliferation, and 
reduce inflammatory markers, resulting in renal recovery [52,53]. 

In addition to their innate effects, exosomes are also promising as natural drug load-
ing and delivery platforms. Exosomes exhibit structural stability and desired cargos can 
be loaded through physical, chemical, or biological approaches [54]. The lipid bilayer pro-
tects contents from enzymatic (including RNase) degradation, minimizing the loss of in-
ternal biomolecules or drugs [7]. Exosomes can be administered through intranasal, intra-
venous, intraperitoneal, and intracranial routes [55,56]. They can pass through the blood–
brain barrier, providing a means to deliver drugs to the brain [57]. There are several types 
of synthetic nanocarriers for drug delivery, such as liposomes, dendrimers, and polymers. 
However, because these carriers are synthetic, they could be immunogenic when they en-
ter the body [58]. Exosomes provide a non-toxic alternative. Exosomes are less immuno-
genic, and exhibit improved pharmacokinetic and pharmacodynamic properties com-
pared to synthetic nanocarriers [6]. Because of these advantages, the use of exosomes as a 
drug delivery system is an active area of research. For example, catalase, which has anti-
oxidant effects, exhibited significant neuroprotective effects when loaded into exosomes 
in vitro, and in an in vivo Parkinson’s disease model [59]. Exosomes loaded with cisplatin 
derived from umbilical cord macrophages have increased cytotoxicity in human ovarian 
cancer cell lines [60]. Bovine milk-derived exosomes loaded with withaferin A exhibited 
tumor-suppressing effects in mice bearing human lung cancer xenografts [61]. In a LPS 
induced septic shock mouse model, curcumin-loaded mouse lymphoma cell-derived ex-
osomes enhanced apoptosis of CD11b+ Gr-1+ myeloid cells, triggering anti-inflammatory 
activity [62]. Exosomes loaded with dexamethasone exhibited anti-inflammatory effects 
in RAW264.7 cells in vitro. The exosomes preserved bone and cartilage, and reduced joint 
inflammation in a collagen induced arthritis (CIA) mouse model [63]. Doxorubicin encap-
sulated exosomes derived from mouse immature dendritic cells reduced breast cancer cell 
viability in vitro and inhibited tumor growth in a tumor-bearing nude mouse model with-
out toxicity [64]. 

In the next section, we will review various inflammatory diseases and therapeutic 
applications of exosomes for such diseases.  

4. Therapeutic Effects of EVs on Inflammatory Diseases 
EVs show immunomodulatory and tissue-protective effects on inflammatory dis-

eases (Figure 3). Therapeutic effects of EVs on each inflammatory disease are summarized 
below. 
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Figure 3. Therapeutic effects of extracellular vesicles (EV) on inflammatory diseases.  

4.1. Neurodegenerative Diseases 
Neurodegenerative diseases involve the loss of functional neurons as a result of 

many different causes. Acute or chronic neuroinflammation is an important factor in the 
pathogenesis of such diseases [65,66], which have been a primary target of studies involv-
ing EV therapy. 

Therapeutic effects of MSC-derived EVs on neuroinflammation have been reported 
[67–69]. Ding et al. observed that human umbilical cord MSC (UC-MSC)-derived exo-
somes attenuated neuroinflammation in vitro and in vivo in BV2 microglial cells and the 
APP/PS1 mouse model of Alzheimer’s disease, respectively [70]. Losurdo and colleagues 
showed that human bone marrow MSC (BM-MSC)-derived EVs inhibited the activation 
of primary murine microglia in vitro and in vivo in the 3xTg mouse model of Alzheimer’s 
disease [71]. A recent study reported that human adipocyte MSC (AD-MSC)-derived EVs 
alleviated amyloid β1-42-induced activation of microglia in the APP/PS1 mouse model [71]. 
Several other studies have investigated the anti-inflammatory effects of EVs on traumatic 
brain injury (TBI) or perinatal brain injury (PBI) [72–74]. Ni et al. showed that EVs from 
rat BM-MSCs inhibited inflammation at an early stage of TBI in vivo by polarizing M1 
macrophages to the anti-inflammatory M2 phenotype [72]. Another recent study reported 
that miRNA (miR)-711-loaded EVs from the BV2 cell line induced M2 polarization of mi-
croglia and the production of the anti-inflammatory cytokine IL-10 in vitro. These EVs 
also decreased the level of TNF-α, increased the level of IL-10, and promoted M2 polari-
zation of microglia in the controlled cortical impact-induced TBI mouse model [71]. In 
other experiments, EVs from human Wharton’s jelly MSCs (WJ-MSCs) were found to re-
duce the expression of inflammatory proteins (CXCL2, CXCL10, IL-1β, IL-18, and TNF-α) 
and activation of microglia in a PBI rat model [74]. Another study reported that human 
BM-MSC-derived EVs reduced the activation of ipsilateral microglia in a hypoxia-ische-
mia induced PBI mouse model [73]. Immunomodulatory and neuro-regenerative effects 
of MSC-derived exosomes have also been reported in status epilepticus (SE). EVs from 
intranasal MSCs alleviated inflammation and inhibited abnormal neurogenesis in a 
mouse model of SE [75]. Another study showed that human UC-MSC-derived EVs 
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dampen LPS-induced activation of astrocytes by reducing astrogliosis and NF-κB expres-
sion in the SE mouse model [76].  

Therapeutic effects of EVs on spinal cord injury (SCI) have also been investigated. In 
a recent study, Jiang et al. reported suppressive effects of neuron-derived exosomal miR-
124-3p on activated microglia and astrocytes in a traumatic SCI mouse model [77]. Liu et 
al. investigated the effects of EVs from hypoxia-conditioned human BM-MSCs, which are 
enriched with miR-216a-5p, and showed that exosomal miR-216a-5p promoted M1 to M2 
polarization of microglia in the traumatic SCI mouse model [78]. Neural stem cell (NSC)-
derived small EVs also exhibited anti-apoptotic and anti-inflammatory effects by inducing 
autophagy in a traumatic SCI rat model [79]. Human UC-MSC-derived EVs attenuated 
inflammation by inducing M2 polarization of M1 macrophages, resulting in functional 
recovery in an SCI mouse model [80]. Recently, Huang et al. reported that EVs from epi-
dural fat-MSCs (EF-MSCs) decreased activation of the NLRP3 inflammasome and pro-
moted functional recovery in an SCI rat model [81]. 

4.2. Lung Diseases 
Acute lung inflammation results from an innate immune defense against invading 

microbes; chronic inflammation can occur when the response fails to remove the inflam-
matory stimulus [82]. Inoculation of a mouse model of traumatic acute lung injury (ALI) 
with BM-MSC-derived EVs suppressed the immune response and reduced oxidative 
stress [83]. The production of TNF-α, IL-6, and IL-8 in the EV-treated mice was signifi-
cantly reduced, and the number of inflammatory cells was decreased, compared to that in 
untreated ALI-induced mice. Furthermore, superoxide dismutase activity in lung tissue 
increased, and levels of malondialdehyde and H2O2, markers of oxidative stress, de-
creased. These effects were possibly due to P2X ligand-gated ion channel 7 (P2 × 7) silenc-
ing, a downstream effect of exosomal miR-124-3p [83]. In another study, EVs isolated from 
miRNA-30b-3p overexpressing MSCs showed protective effects in mice with LPS-induced 
ALI [84]. Production of serum amyloid A3, which is secreted during acute inflammation, 
was reduced in the EV-treated mice, indicating an inhibitory role for exosomal miR-30b-
3p. Furthermore, pro-inflammatory cytokines (IL-1β, TNF-α, and IL-6) were downregu-
lated, whereas the anti-inflammatory cytokine IL-10 was upregulated, in mouse lung tis-
sues [84].  

In other work, EVs from induced pluripotent stem cell (iPSC)-derived MSCs showed 
immunomodulatory effects in a mouse model of allergic airway inflammation [85]. In 
these MSC-derived EV-treated mice, the number of eosinophils decreased dramatically, 
whereas the number of neutrophils remained unchanged, compared to untreated mice. 
Cytokines (IL-4, IL-5, and IL-13) related to Type 2 helper T cells, which contribute to al-
lergic responses, were significantly reduced in bronchoalveolar lavage (BAL) fluid from 
the treated mice [85]. In experiments involving human cells, it has been shown that MSC-
derived EVs have an important role in enhancing Treg proliferation [86]. Treatment of 
EVs to peripheral blood mononuclear cells (PBMCs) derived from asthmatic patients led 
to elevated IL-10 and TGF-β expression levels, which promote Treg (CD4+ CD25+ FoxP3+ 
T cells) function and proliferation [86]. Another research group reported that EVs derived 
from interferon-γ (IFN-γ) preconditioned MSCs attenuated Escherichia coli-induced pneu-
monia in rats [87]. These authors found that the alveolar TNF-α concentration was re-
duced in BAL fluid from rats with pneumonia treated with such EVs. Additionally, endo-
thelial nitric oxide synthase (eNOS) expression was restored in the lung tissues of the EV-
treated rats; this expression level was significantly higher than that in either the PBS-
treated group or the group treated with EVs derived from naïve MSCs [87].  

4.3. Heart Diseases  
Regarding heart disease, the therapeutic effects of EVs have mainly been tested in 

models of acute myocardial infarction (AMI). In AMI, myocardial cells die in an acute 
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manner because of blockage of coronary vessels and poor blood flow that results in per-
sistent ischemia [88]. This is one of the leading causes of death in the West [89]. Admin-
istration of BM-MSC-derived exosomes to mice with induced myocardial infarction (MI) 
has been shown to reduce the infiltration of inflammatory cells [90–93]. Blood levels of 
pro-inflammatory cytokines (TNF-α, IL-6) were reduced at 3 and 7 days after administra-
tion of the exosomes [90]. In ischemic heart regions, recruited macrophages showed up-
regulated levels of an M2 macrophage marker (CD206), but downregulated levels of an 
M1 marker (CD11c). At the same time, it was observed that the levels of Bax and cleaved 
caspase-3, as well as cardiomyocyte apoptosis, were reduced in the infarcted heart. These 
results indicate that MSC-derived EVs relieve inflammation and restore function in the 
MI heart [90]. Other experiments showed that treatment with BM-MSC-derived EVs im-
proved the echocardiographic performance of infarcted hearts in mice and reduced fibro-
sis in the heart [91]. Furthermore, BM-MSC-derived EVs were found to significantly re-
duce the number of infiltrating CD68+ cells and reduce infarct size in a rat model of MI 
[92]. 

MiR-93-5p containing EVs derived from AD-MSCs have immune regulatory effects 
on MI model mice and AMI patients [94]. Such EVs reduced the level of TLR4 expression 
and NF-κB phosphorylation in myocardial tissue, resulting in downregulation of pro-in-
flammatory cytokines (IL-6, IL-1β, and TNF-α) in blood samples from AMI patients. 
Therefore, it was suggested that exosomal miR-93-5p prevents myocardial injury caused 
by TLR4-mediated inflammatory responses and Atg7-mediated autophagy, which is a 
known target of miR-93-5p [94].  

In an elastase-induced abdominal aortic aneurysm mouse model, MSC-derived EVs 
reduced aortic levels of pro-inflammatory cytokines (INF-γ, IL-17, IL-23, TNF-α, and 
MCP-1) and infiltration of inflammatory cells into aortic tissue [93]. This immune modu-
latory effect is caused by miR-147. 

4.4. Kidney Diseases 
Kidney injury is accompanied by structural damage and loss of function, and causes 

a variety of symptoms such as sepsis, nephrotoxicity, and ischemia in patients [95]. Acute 
kidney injury (AKI) is the most frequently studied renal disease. Several groups have re-
ported that EVs promote renoprotection in AKI model mice [96–98]. UC-MSC-derived 
EVs have immune modulatory effects; they increase the frequency of Tregs 
(CD4+CD25+FOXP3+ T cells) while suppressing T-cell proliferation, leading to an improve-
ment in acute tubular necrosis in the AKI-induced mice [96]. Injection of BM-MSC-derived 
EVs into AKI disease model mice led to reduced tubular lesions [97]. Recently, iPSC-de-
rived EVs were found to promote renoprotection in a mouse model of AKI, which was 
induced by ischemia-reperfusion injury (IRI) [98]. The expression level of CD206, the M2 
macrophage marker, was upregulated compared to its level in IRI mice that were not 
treated with EVs. iPSC-derived EVs also reduced oxidative stress in renal tissues, which 
exhibited increased expression levels of SOD1, aldehyde oxidase-1 (AOX1), sirtuin1 
(SIRT1), and sirtuin2 (SIRT2), but reduced IRI-induced expression of inducible nitric oxide 
synthase (iNOS). These findings indicate that iPSC-derived EVs have immune regulatory 
and anti-oxidative functions [98].  

In a swine model of metabolic syndrome and renal artery stenosis, AD-MSC-derived 
EVs were shown to reduce stenotic kidney inflammation and restore renal function [99]. 
Immunostaining of the stenotic kidney revealed that the M1/M2 phase macrophage ratio 
decreased; it was confirmed that EVs caused the polarization of macrophages to the M2 
phase. In addition, levels of proinflammatory cytokines (TNF-α, IL-6, and IL-1β) de-
creased in the renal vein, but levels of the anti-inflammatory cytokine IL-10 increased. The 
immune modulatory effects disappeared when IL-10-depleted EVs were used, suggesting 
that IL-10 plays an important role in immune regulation caused by MSC-derived EVs [99].  

In a clinical study involving 40 patients, the administration of two doses of UC-MSC-
derived EVs was found to have sustained effects (lasting 3–6 months) in ameliorating 
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chronic kidney disease [100]. An increase in the patients’ IL-10 and TGF-β plasma levels 
was apparent at week 4 after treatment; at week 12, IL-10 exhibited a 3-fold increase and 
TGF-β a 5-fold increase. The levels gradually decreased from week 12 until month 6, but 
were still higher at that time than before treatment. Suppression of inflammation allowed 
recovery of kidney function, as shown by the expression of CD133 and Ki-67, which indi-
cate active recovery of renal tubular cells and active proliferation of tubular epithelial 
cells, respectively [100].  

In a study of renal fibrosis induced by unilateral ureteral obstruction in rats, intrave-
nously administered EVs from placenta-derived-MSCs reduced kidney inflammation and 
fibrosis by promoting CD4+ T cell polarization to the Treg phenotype [101]. The PD-MSC-
derived EV-treated group, similar to the PD-MSC-treated group, exhibited increased 
Foxp3 and IL-17 expression in renal tissues. 

4.5. Inflammatory Bowel Diseases 
Inflammatory bowel disease (IBD) represents two chronic intestinal disorders: ulcer-

ative colitis and Crohn’s disease [102]. IBD has become one of the largest disease burdens 
in newly industrialized countries [103]. Several groups have found that MSC-derived EVs 
relieved symptoms in dextran sulfate sodium (DSS)-induced IBD model mice [104–106]. 
The body weight, which normally declines in DSS-treated mice, was maintained for 10 
days after the administration of UC-MSC-derived EVs, and the colon length, which was 
shortened by DSS treatment, was restored (64 to 77 mm) [104]. In addition to this effect, 
structural damage to the villi caused by intestinal inflammation was alleviated, and ex-
pression levels of pro-inflammatory cytokines (IL-1β and IL-6) were observed to be sig-
nificantly reduced, whereas levels of the anti-inflammatory cytokine IL-10 were increased. 
Neddylation, a process in which the ubiquitin-like protein NEDD8 is covalently attached 
to a target protein as a post-translational modification, is proposed to be associated with 
IBD pathogenesis mediated by dendritic cells (DCs) [107]. EV-treated mice showed re-
duced levels of neddylation-related molecules (cullin 1 and NEDD8) in colon tissues [104]. 
MiR-326 was suggested as an important regulator, in part because of a potential binding 
site in the 3′ untranslated region of the NEDD8 mRNA. Thus, exosomal miR-326 may re-
lieve IBD by inhibiting neddylation [104]. EVs also reduced levels of increased JAK1 and 
STAT1 phosphorylation caused by DSS-induction in the colon tissues of the mouse model. 
These findings suggest that BM-MSC-derived EVs might mediate immune responses by 
the JAK-STAT signaling pathway [105]. Furthermore, UC-MSC-derived EVs reduced lev-
els of the pro-inflammatory cytokine IL-7 in colon tissues from both colitis model mice 
and human patients [106]. 

Further studies have been done in a rat model in which colitis was induced by 2,4,6-
trinitrobezenesulfonic acid. Administration of EVs, derived from BM-MSCs that overex-
pressed the anti-inflammatory miR-146a, was found to have immunomodulatory effects, 
suppressing inflammatory cytokines (TNF-α, IL-6, and IL-1β) in colon tissue [108]. MiR-
146a targets TNF receptor-associated factor 6 (TRAF6) and IL-1 receptor-associated kinase 
1 (IRAK1), resulting in inhibition of the NF-κB signaling pathway.  

4.6. Liver Diseases 
Liver fibrosis and cirrhosis are lethal diseases that result from chronic liver inflam-

mation [109], and EVs have been considered as therapeutic agents for such diseases 
[110,111]. EVs from human amnion-derived MSCs (AM-MSCs) significantly reduced ex-
pression of inflammatory cytokines (TNF-α, IL-1β, IL-6, MCP-1, and TGF-β) and M1 mac-
rophage marker proteins (CD68 and CD11c) in the liver tissue of rats in which nonalco-
holic steatohepatitis (NASH) had been induced by a high-fat diet (HFD). AM-MSC-de-
rived EVs also decreased LPS-induced inflammation by down-regulating TNF-α, IL-1β, 
IL-6, and MCP-1 expression in Kupffer cells and TNF-α expression in hepatic stellate cells 
in vitro [112]. Another study reported that human UC perivascular cell-derived EVs also 
reduced hepatic stellate cell activation. Furthermore, the EVs modulated the polarization 
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of M1 hepatic macrophages to an anti-inflammatory phenotype in vitro by decreasing ex-
pression of iNOS, arginase-1, IL-6, and TNF-α [113]. Li et al. have reported anti-inflam-
matory and anti-fibrosis effects of hepatocyte-derived EVs. The EVs alleviated liver fibro-
sis and inflammation by decreasing expression of fibrosis-related proteins (alpha smooth 
muscle actin (α-SMA), collagen 1a1 (Col1a1), and cellular communication network factor 
(CCN2)) and inflammatory chemokines ((chemokine (C-C motif) ligand 3 (CCL3), CCL5, 
CCL12, tissue inhibitor of metallopeptidase-1 (TIMP-1), and triggering receptor expressed 
on myeloid cells-1 (TREM-1)) in a CCl4-induced hepatic fibrosis mouse model [114]. A 
recent study showed that human liver stem cell-derived EVs attenuated liver fibrosis and 
inflammation in a mouse model, in which NASH was induced by a methionine- and cho-
line-deprived diet, by modulating pro-fibrotic and pro-inflammatory gene expression 
[115].  

EVs also have therapeutic effects on acute or chronic liver injury [116–120]. EVs from 
human embryonic stem cell-derived MSCs caused immunomodulatory effects by decreas-
ing the gene expression of pro-inflammatory cytokines (TNF-α and IL-2) and by increas-
ing the gene expression of anti-inflammatory cytokines (TGF-β1 and IL-10) in liver tissues 
in a thioacetamide-induced chronic liver injury rat model [119]. Human UC-MSC-derived 
EVs were found to inhibit the infiltration of neutrophils into the liver and reduce liver 
tissue inflammation in a hepatic IRI rat model [120]. Human AD-MSC-EVs also caused 
anti-inflammatory effects by reducing the levels of several kinds of inflammation-related 
cytokines and chemokines in an acute liver failure rat model [117]. Recently, Kawata et al. 
reported that EVs from RAW 264.7 cells pretreated with concanavalin A induced anti-
inflammatory effects by reducing the production of inflammatory cytokines (IL-6, IL-1β, 
and TNF-α) in a concanavalin A-induced hepatitis mouse model [118]. Chen et al. inves-
tigated the protective effects of mouse BM-MSC-derived EVs. They observed reduced ex-
pression of inflammation-related cytokines (TNF-α, IL-17, and IL-1β) in liver tissues in a 
mouse model (in which autoimmune hepatitis was induced by the liver antigen S100) in 
an exosomal miR-223-dependent manner. This treatment also inhibited NLRP3 inflam-
masome activation [116]. 

4.7. Bone Diseases 
Osteoarthritis (OA) involves local inflammation of the synovium, which lead to loss 

of cartilage [121]. EVs have emerged as a potential agent for treating inflammation-in-
duced bone diseases [122,123]. EVs from human AD-MSCs increased expression of the 
anti-inflammatory cytokine IL-10 and reduced expression of IL-1β-induced inflammatory 
cytokines (IL-6, TNF-α, and PGE2) by osteoarthritic osteoblasts in vitro [124]. Zhang et al. 
collected EVs from human embryonic stem cell-derived MSCs and showed that the EVs 
alleviated IL-1β-induced inflammation of condylar chondrocytes by reducing NO and 
matrix metalloproteinase 13 (MMP13) production [125]. Vonk et al. reported that EVs 
from human BM-MSCs caused anti-inflammatory effects by modulating TNF-α-induced 
expression of cyclooxygenase 2 (COX2), IL-1α, IL-1β, IL-6, IL-8, IL-17, and NF-κB by chon-
drocytes from OA patients [126]. Another study reported that human AD-MSC-derived 
small EVs reduced IL-1β-induced production of MMP-1, MMP-3, and MMP-13 by chon-
drocytes from OA patients. The EVs also inhibited M1 macrophage infiltration and re-
duced IL-1β-positive cells in the synovium [127]. A recent study showed that EVs from 
rat BM-MSCs reduced MMP-13 expression in rat chondrocytes and reduced serum levels 
of IL-1β, IL-6, and TNF-α in vivo [128].  
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4.8. Skin Diseases 
Inappropriate responses by cells of the skin immune system can cause chronic skin 

diseases [129]. Cho et al. reported that EVs from human AD-MSCs decreased serum levels 
of pro-inflammatory cytokines (IL-4, IL-31, IL-23, and TNF-α) in the NC/Nga mouse 
model of atopic dermatitis. The serum IgE level and the number of eosinophils also de-
creased [130]. In another study, AD-MSC-derived EVs showed anti-inflammatory effects 
in the hairless SKH-1 mouse model in which atopic dermatitis was induced. EVs de-
creased the levels of IL-4, IL-5, IL-13, TNF-α, IFN-γ, IL-17, IgE, and thymic stromal lym-
phopoietin [131]. EVs have also been derived from prokaryotic cells, including the probi-
otic bacterium Lactobacillus plantarum. Recently, such EVs were shown to promote polari-
zation of THP-1 cells to macrophages that have an M2b phenotype in vitro. The EVs also 
induced secretion of IL-10 by human skin organ cultures, suggesting that Lactobacillus 
plantarum-derived EVs have therapeutic potential in skin inflammation [132]. Moreover, 
human BM-MSC- and human jaw BM-MSC-derived EVs promoted M2 polarization of 
human monocytes in vitro and accelerated cutaneous wound healing in vivo [133]. 

4.9. Retinal Diseases 
Inflammation disrupts retinal homeostasis, which can cause severe loss of vision 

[134]. EVs have immunomodulatory and anti-fibrotic effects in retinal disease [135,136]. 
In a rat retinal ischemia model, EVs from human BM-MSCs decreased the levels of TNF-
α, IL-6, and cleaved caspase 3 in retinal tissues [137]. Another study reported that corneal 
stromal stem cell-derived MSCs secrete exosomes, which reduce neutrophil infiltration at 
corneal wound sites through regulation of myeloperoxidase expression [138]. Tal et al. 
reported that EVs from human PD-MSCs have anti-inflammatory effects on human cor-
neal epithelial cells by reducing expression of pro-inflammatory cytokines (IL-1β, TNF-α, 
IL-8, and NF-κB) but promoting expression of the anti-inflammatory cytokine IL-10 [139]. 
A recent study showed that human AD-MSC-derived EVs exerted suppressive effects on 
NLRP3 inflammatory responses by reducing expression of inflammatory cytokines (IL-1β 
and IL-18) and of NLRP3 inflammasome subunits (NLRP3, ASC, and caspase 1) in a hu-
man corneal epithelial cell line [140]. 

4.10. Sepsis 
Sepsis, a life-threatening condition, results from a dysregulated response to infection. 

It affects 20 million patients worldwide each year and accounts for a large portion of the 
mortality rate [141]. Several studies have found that MSC-derived EVs lowered systemic 
inflammation and alleviated organ damage in sepsis [142–144]. EVs from healthy AD-
MSCs reduced the circulating level of TNF-α, and this led to a significant increase in the 
survival rate in a rat model of sepsis [142]. Another group examined the effect of AD-
MSC-derived EVs on sepsis in mice. They administered AD-MSC-derived EVs and ob-
served regulation of LPS-induced inflammation via the Notch-miR-148a-3p axis and con-
sequent relief of sepsis [143]. In a recent study, super-repressor IκB (srIκB, a dominant 
active form of IκBα) was loaded into EVs, and the effect on sepsis-associated organ dam-
age and mortality was observed [144]. srIκB-loaded EVs improved the survival rate of 
mice in which sepsis was induced by LPS or cecal ligation and puncture. 

4.11. Autoimmune Diseases 
An autoimmune state can cause systemic inflammation as well as the functional loss 

of specific organs, which result in several types of autoimmune disease [145]. Studies have 
reported that EVs are involved in the development or attenuation of autoimmune disease 
[146]. MSC-derived EVs are emerging as a therapeutic agent to treat autoimmune related-
inflammation through their immunomodulatory effects [147,148]. Human UC-MSC-de-
rived EVs were found to reduce the production of inflammatory cytokines (IL-2, TNF-α, 
and IFN-γ) and promote anti-inflammatory cytokine IL-10 production in Concanavalin 
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A-activated splenocytes and in graft-versus-host disease (GVHD) in a mouse model of 
allogeneic hematopoietic stem cell transplantation. In addition, UC-MSC-derived EVs 
suppressed and altered GVHD-induced CD4+ and CD8+ T cell phenotypes [149]. Another 
study also reported a therapeutic effect of human BM-MSC-derived EVs in an acute 
GVHD mouse model. EVs suppressed CD4+ and CD8+ T cells and preserved the naïve T 
cell population in various GVHD-targeted organs [150]. A recent study showed that EVs 
from human UC-MSCs prevented chronic GVHD-induced skin fibrosis by modulating the 
activation of macrophages and B cell responses in vivo [151]. 

Evidence suggests that DCs play a role in type 1 diabetes. One study showed that 
human BM-MSC-derived EVs induced DCs, which had been differentiated from mono-
cytes from type 1 diabetes patients, to acquire an immature phenotype. When co-cultured 
with T cells, these DCs suppressed the number of Th 17 cells and the level of IL-17 and 
IFN-γ, compared to that seen with untreated DCs [152]. Another study also reported that 
mouse AD-MSC-derived EVs exert anti-inflammatory effects in mice with type 1 diabetes. 
EVs also decreased the production of pro-inflammatory cytokines (IFN-γ and IL-17) and 
increased the production of anti-inflammatory cytokines (IL-4, TGF-β, and IL-10) by 
splenic mononuclear cells in vitro [153]. 

Rheumatoid arthritis (RA), a systemic and chronic autoimmune disease, lead to joint 
pain and damage [154]. Recently, therapeutic effects of EVs in RA were reported [155]. 
Cosenza et al. reported an immunosuppressive effect of mouse BM-MSC-derived EVs in 
vivo. EVs indirectly inhibited T lymphocyte proliferation in a CIA mouse model. The lev-
els of IL-6, TNF-α, and IL-1β in supernatants from resting lymph nodes also decreased 
[156]. Another study showed that EVs from rat BM-MSCs reduced the levels of TNF-α, 
IL-1β, and the inflammatory mediator prostaglandin E2 (PGE2) in synovial tissues and 
serum from the CIA rat model. Plasma NO and iNOS levels also decreased. In this study, 
exosomal miR-192-5p was identified as a functional molecule directly targeting the Ras-
related C3 botulinum toxin substrate 2 gene, which resulted in improvement of the path-
ophysiology in CIA model rats [157]. In addition, Meng and Qiu reported that human BM-
MSC-derived exosomal miR-320a suppressed CXCL9 expression by synoviocytes from 
RA patients, which resulted in attenuation of synoviocyte activation and RA-induced in-
flammation [158]. 

MS and encephalomyelitis are autoimmune disorders that cause neuroinflammation 
and demyelination in the central nervous system (CNS). Casella et al. reported that IL-4-
overexpressing, BV2-derived EVs modulate the polarization of microglia toward an M2 
phenotype by increasing the expression of CD206 and arginase-1 in experimental autoim-
mune encephalomyelitis (EAE), a mouse model of MS [159]. In another study, Riazifar et 
al. showed that IFN-γ-primed human BM-MSC-derived EVs inhibit the infiltration of 
macrophages and T cells into the spinal cord of the EAE mouse model. Co-culture of hu-
man PBMCs with IFN-γ-primed human BM-MSC-derived EVs increased secretion of the 
immunosuppressive protein indoleamine 2,3-dioxygenase and decreased secretion of IL-
6, IL-12p70, IL-17AF, and IL-22 [160]. Li et al. reported immunomodulatory effects of rat 
BM-MSC-derived EVs in an EAE rat model, finding that they attenuated neuroinflamma-
tion by inducing microglia polarization toward the M2 phenotype. In addition, the pro-
duction of TNF-α and iNOS decreased and the production of IL-10, TGF-β, and arginase-
1 increased [161]. Moreover, a recent study reported that EVs from human UC blood 
plasma suppressed CD4+ and CD8+ cell proliferation and decreased IL-2, IL-6, and IFN-γ 
expression in an EAE mouse model [162]. 

In work related to other autoimmune diseases, Shigemoto-Kuroda et al. investigated 
the therapeutic effects of human MSC-derived EVs in vivo. These authors found that the 
EVs significantly reduced the expression of genes encoding inflammatory cytokines (IFN-
γ, IL-17a, IL-2, IL-1β, IL-6, and IL-12a) and suppressed the development of Th1 and Th17 
cells in an experimental autoimmune uveoretinitis mouse model [163]. Furthermore, 
Wang et al. showed that EVs derived from rat BM-MSCs overexpressing the anti-aging 
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gene Klotho attenuated inflammation by reducing the expression of IL-6 and TNF-α in an 
acute pancreatitis model [164]. 

4.12. Human Immunodeficiency Virus (HIV) Infections 
Prolonged inflammatory state in HIV patients causes chronic activation of innate and 

adaptive immune systems, leading to multiple organ morbidity [165]. Several studies 
suggesed that various sources of exosomes have anti-HIV activity [166–168]. One research 
group tested whether semen exosomes from healthy donors can inhibit replication of HIV-
1 [166]. The semen exosomes were pre-incubated with target cells for 1 h prior to infection, 
and the levels of HIV-1 DNA and RNA were quantified. The results showed reduced in-
fectivity in various cell types and was comparable to the effects of azidothymidine (AZT) 
[166]. Another group showed that breast milk-derived exosomes from healthy donors 
block HIV-1 transfer from monocyte-derived dendritic cells (MDDCs) to CD4+ T cells as 
well as inhibiting HIV-1 infection of MDDCs [167]. MDDCs were pre-incubated with milk 
exosomes for 1 h, and HIV-1 infected MDDCs were cocultured with CD4+ T cells for 5 
days. The percentage of p24+ in CD4+ T cells significantly diminished, indicating reduced 
productive infection [167]. One research group in Brazil showed CD4+ T cell-derived exo-
somes significantly reduced the HIV-1 infectivity by hindering the interaction between 
virus and target cells [168]. 

4.13. Other Inflammation-Related Conditions 
One of the most important changes that occurs during the aging process is the 

dysregulation of the immune response, which can lead to a chronic and systemic inflam-
matory state [169]. There are ongoing investigations that aim to alleviate this so-called 
inflammaging [170,171]. One research group utilized EVs containing miR-192 to relieve 
age-related inflammation [170]. They found that the level of miR-192 was higher in serum 
EVs from aged mice (14–18 months) than in those from young mice (2–3 month) due to a 
hyperinflammatory state in aged mice. This phenomenon was associated with higher se-
rum IL-6 levels in aged mice compared to young mice. Surprisingly, miR-192-containing 
EVs attenuated IL-6 and CCL2 expression in RAW 264.7 cells and human macrophages 
(derived from CD14+ monocytes) stimulated by either CL097 or R848, which are synthetic 
TLR7 ligands. This phenomenon is due to a mechanism in which exosomal miR-192 re-
lieves excessive inflammation through a negative feedback loop in aged mice [170]. There 
has been an attempt to rejuvenate aged mice with EVs extracted from serum from young 
mice [171]. The expression level of pro-inflammatory cytokines (IL-6, IL-1β, and TNF-α) 
and the number of CD4+IFN-γ+ T cells in serum from old mice significantly decreased after 
treatment with such EVs. In the CNS of aged mice, the percentages of CD45+CD11b-CD3+ 
cells, CD45highCD11b+ macrophages, and CD45-/lowCD11b+ microglia were reduced after 
injection of EVs derived from young mice. Importantly, aging-related thymic phenotypes 
were attenuated in old mice after administration of EVs. In addition to recovery of the 
thymus size and microstructure in aged mice, there was an increase in molecules associ-
ated with negative selection during T cell development, including Aire and Nur77 [171]. 

Regarding obesity, excess nutrients cause adipose tissue to secrete inflammatory fac-
tors such as TNF-α and IL-6; inflammation is associated with cardiovascular disease, ath-
erosclerosis, metabolic syndrome, and insulin resistance. The liver synthesizes C-reactive 
protein, a marker of inflammation, due to such stimulation [172]. Some research groups 
have utilized EVs and found that they reduced adipocyte inflammation by promoting M2 
phase polarization in macrophages [173,174]. When HFD-fed mice were treated with AD-
MSC-derived EVs, white adipose tissue (WAT) inflammation was alleviated; the expres-
sion level of pro-inflammatory cytokines (TNF-α, IL-12, and IL-6) was reduced and that 
of the anti-inflammatory cytokine IL-10 was increased [173]. Moreover, the expression 
level of arginase-1 (an M2 phase macrophage marker) was significantly increased by ac-
tive STAT3. M2 macrophages promote AD-MSC proliferation and increase the expression 
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of tyrosine hydroxylase (TH). TH and lactate produced by AD-MSCs increase the expres-
sion of uncoupling protein 1 (UCP1) in WAT, which promotes beiging [173]. Another 
group reported that miR-34a contained in adipocyte-derived exosomes suppressed M2 
phase macrophage polarization in obesity-induced adipose tissues via downregulation of 
Krüppel-like factor 4 (Klf4) [174]. Exosomal miR-34a protected obese mice from glucose 
intolerance and insulin resistance. 

EVs may have a role in suppressing allergic reactions. In one recent report, exosomal 
miR-150 was shown to have a suppressive effect in a mouse model of delayed-type hy-
persensitivity to casein [175].  

5. Conclusions 
Inflammation is involved in the pathogenesis of many diseases; acute or chronic im-

mune responses in target organs can cause functional organ loss. The number of trials 
studying the therapeutic potential of native or engineered EVs for treating inflammatory 
diseases is increasing [176,177]. Beginning in 2014, there has been an official movement to 
establish a guide for the harvest, isolation, characterization, and functional testing of EVs; 
the guide is now being used as a standard for EV researchers [38,178]. However, setting 
standards for purity, specific markers, active pharmaceutical ingredients, CMC (chemis-
try, manufacturing and controls) for manufacturing, and minimizing variation between 
batches of isolated EVs are issues that remain to be resolved. To circumvent these limita-
tions, many trials for obtaining EVs with robust therapeutic activity and purity are being 
extensively carried out. Combinations of and comparisons between several EV isolation 
methods [179], pre-conditioning (priming) cells with various factors [4], and engineering 
EVs [180] are all being tested so that EVs that exhibit consistent therapeutic effects can be 
robustly harvested. For clinical applications, the development of methods for producing 
EVs in compliance with Good Manufacturing Practice is also in progress [181]. In conclu-
sion, EVs have great potential for treating a wide variety of inflammatory diseases. For 
clinical applications, future efforts will be focused on the manufacturing process, charac-
terization of EVs, and EV-associated safety issues. 
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