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ABSTRACT
Nanoparticle-based drug delivery (30–150 nm) is a promising new strategy for the treatment of inner ear diseases. 
Exosomes are biological nanoparticles secreted in the extracellular area from all cells, including inner ear sensory cells 
that mediate intercellular messages to recipient cells by delivering RNAs cargo. There is especially strong evidence that 
microRNA (miRNA) cargo in extracellular vesicles can alter the function of recipient cells. Therefore, exosomal miRNAs 
hold great potential for clinical application in the treatment of inner ear diseases. Recently, researchers have identified 
two fascinating aspects of exosomal miRNAs. First, they are recognized by Toll-like receptors (TLRs), which trigger 
the signaling cascade of immune responses. Second, they are focused on the autophagic cargo of exosomes and 
the signaling pathways involved in exosome-induced autophagy in recipient cells. Autophagy is a dynamic lysosomal 
degradation and recycling process in eukaryotic cells. The induction of autophagy confers protection against inner 
ear sensory cell death. Thus, exosomal miRNAs that interact with TLRs in sensory hair cells could induce autophagy 
to protect the auditory system. Extracellular exosomes provide new insights for research with the help of natural 
nanoparticles, not only as detection indices but also as nanocarriers for the delivery of therapeutics against inner 
ear diseases. However, this technique has not been established for the auditory system, although it has been well 
discussed in the field of cancer. In this paper, we review the coordination mechanisms of exosomal miRNAs and 
autophagy through the TLRs signaling pathway and summarize the function of extracellular exosomes as potential 
carriers in a novel drug delivery system for inner ear disease.
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INTRODUCTION

The World Health Organization (WHO) has reported that 
approximately 466 million people worldwide will experience 
hearing loss by 2020, and this number will increase to 
over 34 million people by 2050. The pathogenesis of 
hearing loss has a wide range, such as genetic, viral 
infection, autoimmune, microvascular disorder, the use 
of particular drugs with ototoxicity, exposure to excessive 
noise and aging. Over 90% of hearing loss is classified as 
sensorineural, involving loss of inner ear sensory cells or 
auditory neurons. The WHO warns about the possibility 
that an increase in hearing loss results in an annual global 
cost of US$ 750 billion, including nursing care. However, 
there are currently no effective treatments or preventive 
methods. The cochlea is surrounded by a bony labyrinth, 
and the vasculature and fluids of the inner ear are 
closed by the Blood-Labyrinthine Barrier (BLB). Physical 
inaccessibility, owing to the structural characteristics of 
the inner ear, discourages the delivery and effect of drugs 
to inner ear hair cells. Preserving or treating hearing loss 
is critical in a super-aging society. Recent studies have 
shown that extracellular vesicles or exosomes might be 
effective as new nanocarriers for inner ear disease, as 
they are secreted from inner ear HCs and incorporated 
into HCs, crossing the BLB1-4. Based on exosome studies 
in other fields, we believe that exosomes may have pivotal 
effectiveness as a new treatment for inner ear diseases. 
In this article, we review the latest research on the 
importance of exosomes in auditory systems including 
the cross of the BLB, exosome biogenesis, exosome-
activating intracellular signal cascades associated with 
autophagy and apoptosis regulating cell fate and Toll-
Like-Receptors (TLRs), a family of pattern recognition 
receptors, controlling the innate immunity via miRNAs, 
and finally shed light to the possibility of miRNA-enriched 
exosomes as a new treatment for inner ear disease.

The importance of exosomes in hearing system
The auditory system has many signaling pathways, 
including the Wnt and FGF pathways, which play 
important roles in the development of the sensory 
system5. Hearing loss mainly causes sensing or loss 
of auditory hair cells (HCs) and neurons in the inner 
ear, and is induced by aging, hereditary factors, noise 
trauma or ototoxic drug6,7. Recently, three interesting 
studies suggested that exosomes exist in the inner ear 
(tissue and auditory cell lines) and can be released from 
auditory cells affected by ototoxic drugs1-4. Importantly, 
exosomes can mediate intercellular communication 
between different cells by delivering exosomal proteins, 
nucleic acids, and lipids to recipient cells8. This suggests 
that the regulation of exosomes may protect the inner 
ear from various stresses and prevent the progression 
of hearing loss. Exosomes can be used as biomarkers 
of hearing loss or therapeutic targets for sensorineural 
hearing loss. Another study reported that an exosome 
(exo)-associated adeno-associated vector (AAV) has 
been successfully used as a non-toxic and novel gene 

vector for inner ear HCs (Inner HCs and Outer HCs) in 
mouse9. In this study, approximately 95% of the exo-AAV 
vector was transduced into both HCs (IHCs and OHCs) 
in culture medium, and the transduction efficiencies of 
IHCs and OHCs in vivo were 88 and 25%, respectively, 
when injected into the mouse cochlea through a round 
window (RW). Another study indicated that Supporting 
Cells (SCs) which function as glia-like cells in the inner 
ear produce HSP70 to protect HCs10. The same group 
recently reported that exosomes derived from SCs were 
significantly increased by heat shock and could improve 
the HCs survival rate after exposure to neomycin by 
interacting with TLR4 receptors on the membrane of HCs1. 
These studies showed that exosomes could be released 
by various stresses and affect the pathological processes 
of inner ear disease or sensorineural hearing loss, while 
transducing as a novel therapeutic tool. We believe 
that exosomes will make a significant contribution as 
biomarkers or therapeutic targets for inner ear diseases, 
including sensorineural hearing loss, in the near future, 
although there are only a few reports on exosomes in 
the auditory system. First, we introduce three important 
studies on exosomes in the inner ear.

Exosomes from inner ears tissues
A study2 by Wong EHC et al reported that extracellular 
vesicles with the characteristics of exosomes in size 
range (around 100 nm) and appearance were isolated 
from primary cultured inner ear cells of rats after treatment 
with gentamicin and cisplatin, showing different degrees 
of damage to hair cells (cisplatin: much and gentamicin: 
little)2. They described that typical exosome markers 
including HSP 70/71 (Hspa5, Hspa1a, Hspa8) and HSP 90 
(Hsp90b1, Hsp90aa1, Hsp90b1, Hsp90ab1) and markers 
for the organ of Corti and hair cells such as alpha-actinin 
1 (Actn 1) and Actn 4, myosin heavy chain (Mh9) and 
ATP5A1 were detected from exosomes under control and 
exposure of ototoxic drugs, while the expression of markers 
associated with SNHL such as myosin heavy chain (Myh 
14) and markers associated with congenital SNHL and 
abnormal ear cartilage like V-type proton ATPase subunit 
B (V-ATPase B) increased after exposure of ototoxic 
drugs11,12. Interestingly, proteomic analysis of inner ear 
markers from isolated exosomes detected the following 
proteins associated with sensorineural hearing loss: 
transmembrane protein 33 (TMEM33) described in noise-
traumatized rat cochleae13 and phosphoglucomutase 
1 (Pgm1) in cisplatin-induced cytotoxicity14. Thus, after 
exposure to cytotoxic drugs, exosomes may reflect cell 
fate. Tmem33 is usually localized in the endoplasmic 
reticulum (ER) and nuclear envelope. It is considered 
that Tmem33 regulate the tubular structure of the ER by 
interfering with reticulons15. These results indicate that 
exosomes have potential as biomarkers for inner ear 
diseases. Lipoma HMGIC fusion partner-like 5 (LHFPL5), 
also known as the tetraspan membrane protein of hair 
cell stereocilia (TMHS) is an essential component in the 
mechanical transduction mechanism of OHCs and IHCs. 
It has been reported that the deletion of LHFPL5 results 
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in hearing loss16. Exosomes derived from the inner ear 
can be detected in different body fluids after exposure to 
various stress including hypoxia17, heat shock1,18, oxidative 
stress19 and acidic pH20. Interestingly, chaperonin-
containing T-complex polypeptide 1 subunit 8 (cct8) 
was significantly enriched in heat-shocked HCs, but 
not in heat-shocked SCs using immunohistochemistry 
or RNA-Seq21. Exosomes are basically considered to 
play important roles in cell-to-cell communication22 
and genetic material exchange23. Exosomes derived 
from the inner ear should have the same function as 
those derived from other organs. Thus, exosomes can 
be used as therapeutic targets for inner ear diseases, 
including SNHL. Supporting this hypothesis, recent 
studies have described that exosome (exo)-AAV-HA-
Lhfpl5 injection through RW could particularly rescue 
hearing in Lhfpl5-/- mice9 and exosomes carrying 
HSP70 derived from heat-shocked utricles improved the 
survival rate of HCs after exposure to aminoglycoside 
drugs; on the other hand, the depletion of exosomes 
from the extracellular environment decreased the effect 
of heat shock protecting HCs1.

Exosomes from auditory cell lines under various 
stress and protein profile
A study3 by Kalinec GM et al indicated that the original 
extracellular vesicles (EVs) isolated from auditory cell line, 
HEI-OC1 cells, were separated by size into two fractions, 
Small (S)-EVs (diameter ≤150 nm) and Large (L)-EVs 
(diameter >150 nm). HEI-OC1 was the found to produce 
more S-EVs than L-EVs, and the protein profile showed 
that S-EVs fraction was lager and greater in the point of 

number and diversity2. Annexin A1 (ANXA1) and galectins 
1 and 3 (Gal-1 and Gal-3) were detected only in the S-EV 
fraction, whereas cytokines (CSF1, colony-stimulating 
factor 1) were detected in both S-EVs- and L-EV fractions. 
The authors suggested that these three molecules 
(ANXA1, Gal-1, and Gal-3) make S-EVs attractive as 
potential nanocarriers in auditory cells. In addition, they 
investigated whether EVs from HEI-OC1 cells can be 
loaded with pharmacological agents recognized as anti-
inflammatory and pro-resolving agents and indicated that 
lipid metabolites were significantly increased in both of 
EVs loaded with arachidonic acid (AA), eicosapentaenoic 
acid (EPA), and docosahexaenoic acid (DHA), which play 
important roles in cell signaling, including inflammation 
and immunity, while L-EVs had a more efficient 
incorporation of asparagin (ASP), 15-HETE to lipoxin A4 
(LXA4) and resolvin D1 (RvD1) than S-EVs. This indicates 
that L-EVs can carry anti-inflammatory and pro-resolving 
agents more effectively than S-EVs24.

The crosslink of stress-induced exosomes with 
autophagy
Autophagy is a lysosomal degradation system for cellular 
homeostasis that plays a central role in preserving 
auditory HCs or spiral ganglion neurons (SGNs) 
from various environmental and cellular stresses25-27, 
whereas autophagy impairment results in hearing 
loss28-30. As shown in (Figure 1), 3crosslinking of 
exosome biogenesis with the autophagy pathway 
protects cellular homeostasis31,32. A previous study 
reported that autophagy positively regulates exosome 
secretion through the RhoC/ROCK2 pathway (Rho, 

Figure 1: The crosstalk between exosomal pathways and autophagy (macroautophagy).

The endosomal pathway is linked to autophagy (macroautophagy) and involves five steps: initiation, elongation, maturation, fusion, and degradation. 
In the initiation step, cargo, including mainly ubiquitinated aggregates, macromolecules, or damaged intracellular organelles, is encompassed by a 
double-membrane vesicle that gradually extends in the elongation step and ultimately forms autophagosomes in the maturation step. Autophagosomes 
then fuse with endocytic vesicles, including early and late endosomes and Multivesicular Bodies (MVBs) through proper maturation steps to generate 
amphisomes. MVBs combine with the autophagic pathway toward a greater degradation step and inhibit exosome release. An intact endosomal 
pathway from components of the Endosomal Sorting Complex Required for Transport (ESCRT) pathway and components involved in endocytic 
vesicle fusion is required for proper maturation of the autophagosome. In the fusion and degradation steps, autophagosomes fuse with lysosomes 
to form autolysosomes, leading to cargo degradation by hydrolases. Finally, the products derived from cargo degradation are recycled into the 
cytoplasm and reused. Ub: Ubiquitin, ER: Endoplasmic Reticulum.
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Ras homolog gene; ROCK, Rho-associated coiled-
coil-forming protein kinase) in rat nucleus pulposus 
cells33. Exosomes contain molecular signals that 
regulate autophagy, which in turn regulates exosomal 
activities34,35. A recent study suggested that common 
molecules contribute to the generation of exosomes 
and autophagic flux36,37. Soluble N-ethylmaleimide-
sensitive-factor attachment protein receptor (SNARE) 
facilitates the fusion of Multivesicular Body (MVBs) 
with the plasma membrane and mediates autophagy-
mediated membrane fusion. A previous study showed 
that membrane fusion is required for the maturation of 
autophagosomes, depending on the activity of SNARE 
family proteins such as vesicle-associated membrane 
protein 7 (VAMP7), syntaxin 7, and 838.

SNAREs initiate crosslinking of autophagosome with 
exosomes39. Furthermore, Rab11, an MVB-associated 
protein, acts as an initiator of the assembly of autophagy-
related (ATG) proteins that form autophagosomes40. 
A previous report suggested that ALG-2 interacting 
protein X (ALIX), an exosome marker, mediates the 
discrepancy between lysosomal degradation and 
exosomal secretory pathways as an exosomal 
cargo41,42, while the inhibition of ALIX fundamentally 
decreases the induction of autophagy, modulating the 
crosslink arrangement between exosome biogenesis 
and the autophagy pathway43. ATG12–ATG3 complex 
regulates MVB shape, distribution of late endosomes, 
and eventually exosome biogenesis. Autophagy-
related (ATG) proteins have been reported to play 
pivotal roles in exosome biogenesis under normal and 
pathological conditions44. Researchers presented that 
ATG5 mediates the detachment of vacuolar proton 
pumps (v-ATPases) from MVBs, inhibiting the acidic 
environment of the MVBs lumen and directing MVBs 
to the PM instead of lysosomes. These results indicate 
that the MVB lumen pH is a determinant of exosome 
fate. Another study suggested that ATG16L1 and 
ATG5 contribute to the secretory pathway, protecting 
exosomes from the degradation pathway, and that the 
ATG12–ATG3 complex facilitating LC3 conjugation 
plays an important role in exosome biogenesis via 
interaction with ALIX, a protein that interacts with the 
ESCRT machinery to produce ILVs43.

Exosomal secretion via autophagy regulators
Exosomes are considered an important tool for the 
induction of autophagic flux in target cells by transferring 
autophagic activators or autophagy-related molecules36. 
Autophagy is activated in recipient cells after the 
internalization of exosomes45. A recent report suggested 
that EVs derived from mesenchymal stem cells (MSCs) 
contain several mRNAs of autophagy-related proteins, 
including Beclin-1, LC3, and ATG7, which increase 
autophagy flux in hematopoietic stem cells46. These 
findings provide novel evidence that exosomes regulate 
autophagy by transferring autophagic components 
through autophagic regulators.

Cross-regulation by toll-like receptor-ligand signal 
pathway and exosomal miRNAs mediating cell-cell 
communication
MiRNAs are one of the non-coding RNA families binding to 
the 3’ untranslated regions of their target messenger RNAs 
(mRNAs) for suppressing translation or degradation of 
the mRNAs47,48, and have a pivotal role in many biological 
processes including autophagy, apoptosis, senescence 
or inflammation. Therefore, the dysregulation of miRNAs 
has been reported to be associated with pathogenesis 
or progression of multiple human diseases including 
hearing loss49,50. Recent evidence has demonstrated 
that extracellular vesicles, such as exosomes and shed 
microvesicles isolated from different cell types, may be novel 
mediators of cell-cell communication, including mRNAs, 
miRNAs, long non-coding RNAs, lipids, and DNA fragments. 
These active cargo molecules are packaged and released 
into exosome-derived cells and taken up by neighboring 
cells, where they are functionally active51,52. miRNAs are 
ubiquitously expressed in exosomes and are involved in 
the modulation of the host immune response, expression 
of some activated molecules, enhanced tumor cell invasion, 
and mediation of intercellular communication53.

Interestingly, recent studies have demonstrated that several 
miRNAs, including miR-21, miR-146, miR-155, and let-7 
family, regulate the transcriptional responses of Toll-like 
Receptors (TLRs) expressed in the inner ear, membrane 
passing proteins54,55 or target proteins in TLR signaling 
pathways involved in the regulation of various processes, 
such as inflammation, aging, cellular infiltration, and immunity 
development56,57. Some miRNAs function as TLRs ligands, 
activating TLRs signaling pathways involved in intercellular 
communication in various microenvironment58,59.

The relationship between autophagy and TLRs
TLRs also function as autophagy mediators. Previous 
reports have suggested that TLRs have a regulatory 
cross-talk with autophagy60,61, that TLR9 translocates from 
the ER to lysosomes upon autophagy induction in the 
fusion step of the autophagy process, and that the TLR9-
mediated lysosomal cargo response sustains autophagy 
flux62. Another study indicated that TLR2 induced 
autophagy in an acute kidney injury model induced by 
cisplatin and improved global renal tissue parameters63. 
The expression of TLR2 and TLR4 was increased in 
hippocampal neurons of epileptic mice, while autophagy 
was inhibited in hippocampal neurons of epilepsy mice 
over-expressing MiR-421, linking with the TLR/MYD88 
signaling pathway64. Importantly, exosomes from 
neutrophils infected with Mycobacterium tuberculosis 
contain TLR2/6 ligands that induce autophagy flux in 
macrophages65. TLR7 has two binding sites for small 
ligands and single-stranded RNA (ssRNA), including 
miRNA, and is activated by guanosine or ssRNA66(Figure 
2). Based on these previous reports, we confirmed that 
exosomal let-7b increased the expression of LC3-II in 
auditory cells, inducing the activation of TLR7 (Figure 
S1). This result indicated that exosomal let-7b mediates 
the induction of autophagy by TLR7 ligands (Figure 2).
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Figure 2: The activation of TLR7 signaling pathway via exosomal miRNA.

(a) Mechanism of TLRs mediated by miRNA let-7b. TLR7 has two binding sites for small ligands and RNA (ssRNA) including miRNAs. TLR7 is 
activated by let-7b and guanosine.

(b) Activation of TLR7 signaling pathway. Exosomes and apoptotic bodies are internalized via the endosomal pathway. Both exogenous and 
endogenous ligands are recognized by TLR7 via the endosomal pathway and endosomes expressing TLR7 fuse with autophagosomes.

In endosomes, partially digested ssRNAs, such as miRNA let-7b, are recognized by TLR7, triggering innate immune responses. miRNAs perform a 
novel function: activation of the TLR7 signaling pathway rather than directly silencing gene expression.

Figure S1: Mimic miRNA let-7b surely activated autophagy pathway in auditory cells.

LC3-II expression increased in a time- and dose-dependent manner in miRNA let-7b treated cells. Western blotting was performed as described 
in the previous report25-27. β-Actin was used as a loading control. All values are the means ±S.D.s from three or more independent experiments. 
*p<0.05, Tukey’s test.
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Exosomes could cross blood labyrinth barrier and 
blood brain barrier
One of the biggest problems of drug delivery to the 
inner ear via the vasculature for inner ear disease is that 
BLB restricts effective delivery as a barrier between the 
vasculature and fluids of the inner ear, as it is separated 
from the systemic circulation by BLB67,68. We review the 
structure of the BLB and BBB and introduce how to cross 
the BLB using exosomes for the treatment of inner ear 
diseases based on a previous report4. The capillaries 
and cell types that form the BLB and BBB have many 
common structural features. The endothelium of the BLB 
is surrounded by a basement membrane in pericytes but 
does not have an outer basement membrane, similar 
to the BBB. Tight junctions between endothelial cells 
in the BBB and BLB are composed of similar proteins. 
Perivascular resident macrophages (PVM/Ms), a hybrid 
cell type with the characteristics of both macrophages 
and melanocytes, are wrapped around the basement 
membrane surrounding the BLB endothelium. In contrast, 
the endothelium of the BBB is surrounded by a basement 
membrane that is split to wrap pericytes, sharing the 
Basement Membrane (BM1) with pericytes. The endfeet 
of astrocytes form a second Basement Membrane (BM2), 
creating a perivascular space between the two basement 
membranes, covering most of the outer basement 
membrane, and encapsulating the BBB capillaries within 
the CNS.

How does EVs cross the blood labyrinth barrier and 
blood brain barrier?

A previous report showed that there are five routes 
for exosomes interacting with a receiving cell4: (1) 
association with a protein G-coupled receptor on the 
cell surface stimulating a signaling cascade, (2) fusion to 
the cell surface and capture of the exosome content in 
the cytoplasm, leading to the activation of cell signaling 
cascades, (3) micropinocytosis, (4) nonspecific or lipid 
rafts, and (5) receptor-mediated transcytosis, leading to 
the activation of the endocytosis pathway and storage in 
the MVB. Then, three intracellular events for exosomes 
occur in the cytoplasm: (1) degradation by lysosomes, 
(2) signal induction through back fusion in the MVB, 
releasing its contents in the cytoplasm, or (3) trafficking 
from the MVB to the plasma membrane in the receiving 
cell. Exosomes can cross the BLB or BBB because there 
are melting pots for exosomes as described here69.

Circulation EVs can cross the blood labyrinth barrier 
and blood brain barrier
We believe that exosomes may be highly useful 
nanocarriers for delivering therapeutics to protect the 
inner ear from various stresses, as described in this 
review. Exosomes have many advantages as nanocarriers 
in terms of packaging capacity, biological compatibility, 
and the ability to penetrate the blood-labyrinth barrier or 
blood-brain barrier compared to other delivery systems, 
including gene therapy by virus or non-virus70. Exosomes 

are used as a therapeutic delivery tool for proteins, 
nucleic acids, and small molecules in the various area71. 
Interestingly, the designed cargo can also be delivered 
to the brain following the systemic administration of 
targeted exosomes72. This result suggests that almost 
the same methods could be useful for the treatment 
of inner ear diseases because the BLB has many 
similarities with the BBB. It has been reported that the 
complement of integrins on exosomes determines the 
tissue affinity73. An inner ear researcher indicated that the 
heterodimers between integrin subunits (α-3, α-7, α-V, 
and β-1) might point exosomes on specific inner ear cell 
types1. A previous report demonstrated that conventional 
AAV1-GFP transduced some IHCs and a few OHCs; 
the transduction rate using conventional AAV1 was as 
follows: cochleostomy delivery, 36% GFP-positive IHCs 
and 17% GFP-positive OHCs; round window membrane 
(RWM) injection, 65% GFP-positive IHCs and 14% OHCs. 
On the other hand, the transduction rate using exo-AAV1-
GFP vectors was as follows: cochleostomy, 63% of IHCs 
and 28% of OHCs; RWM injection, 88% of IHCs and 25% 
of OHCs. This result suggests that exosome-associated 
adeno-associated virus (AAV) is a more effective nanocarrier 
for IHCs and OHCs than conventional AAV9. Another study 
reported that HSP70, a critical component of the protein 
cargo of utricle-derived exosomes, may act as a hair cell-
protective exosome in vitro1. Taken together, exosomes 
can protect sensory HCs from various stresses by delivering 
therapeutic molecules, thereby reversing hearing loss.

Delivery techniques miRNA-enriched extracellular 
vesicles
As described in (Figure 3), the delivery of EVs into IHCs 
and OHCs could become a pivotal treatment for inner 
ear diseases because EVs can cross the BLB and BBB 
and encapsulate miRNAs. Indeed, miRNAs (or siRNAs) 
have been used as therapeutic molecules in EVs to 
treat neurodegenerative diseases and cancer74. This is 
because miRNAs can travel long distances in body fluids 
or blood and function normally in recipient cells, as they 
can maintain high stability when encapsulated in EVs. 
Enriched miRNAs in EVs may be good initiators for EV-
based therapies for the inner ear. Finally, we described 
the benefits and techniques of EV-miRNA therapies as 
key challenges for the treatment of inner ear diseases 
in the near future, although their use in actual clinical 
settings remains difficult. Two approaches have been 
introduced for synthesizing miRNA-enriched EVs now75. 
The first involves producing a cell line that exhibits a 
high concentration of targeted miRNAs in the cytosol. 
Second one is to isolate EVs from the culture medium 
(cell lines or tissues) or body fluids and enclose them with 
the targeting miRNA using established methods76. Based 
on this principle, we believe that the same techniques 
for miRNA-enriched EV therapies should be applied to 
protect inner ear HCs from various stresses, and that the 
immortalized auditory cell line HEI-OC1 would be useful 
for this therapy2. In addition, targeted miRNA inhibitors or 
miRNA mimics can be loaded into EVs using established 
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methods. We confirmed that exposure to mimic miRNA 
let-7b or TLR7 agonist (loxoribine) decreased cell viability 
in HEI-OC1 cells, while cell viability remained unchanged 
when the cells were simultaneously exposed to the mimic 
RNA let-7b inhibitor and loxoribine (Figure S2). This result 
suggests that a mimic miRNA let-7b inhibitor suppress 
TLR 7-mediated auditory cell death and has an auditory 
cytoprotective effect. We consider that EV-miRNA or 
miRNA inhibitors with GUGU-rich motifs, such as let-7b, 

can effectively be enclosed in inner ear HCs through TLRs, 
and that EV-miRNA derived from autophagy induced by 
various stresses might have protective effects on the inner 
ear from our unpublished data. Another benefit of miRNA-
enriched EVs is their stability under normal physiological 
conditions. Another study reported that EV-miRNAs can 
remain stable in a physiological environment for 1.5–13 
h based on the results from different miRNAs (let-7, miR-
1, miR-206, miR-233, and miR-133a) with different GC 

Figure 3: Two approaches for making miRNA-enriched or loaded EVs.

Two approaches have been introduced for the fabrication of miRNA-enriched or miRNA-loaded EVs. The first involves producing a cell line that 
exhibits a high concentration of targeted miRNAs in the cytosol. The second method is to isolate EVs from the culture medium (cell lines or tissues) 
or body fluids, enclose them with the targeting miRNA by established methods, or load them with the miRNA of choice using chemical or physical 
methods/techniques. Based on this principle, we believe that the same techniques for miRNA-enriched EV therapies should be applied to protect 
inner ear HCs from various stresses, and that the immortalized auditory cell line HEI-OC1 would be useful for this therapy.

Figure S2: Mimic miRNA let-7b inhibitor suppress TLR7-mediated auditory cell death.

Cell viability was significantly decreased by exposure to loxoribine in HEI-OC1 cells, whereas it remained unchanged when mimic RNA let-7b inhibitor 
and loxoribine were simultaneously exposed to cells.

The cells were exposed to media containing different concentrations of mimic RNA, let-7b inhibitor, and loxoribine for 48h. Cell viability was analyzed 
using the trypan blue exclusion test 48h after the indicated concentrations of the TLR7 agonist (loxoribine) and miRNA let-7b inhibitor. All values are 
the means ±S.D.s from three or more independent experiments.
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contents77. We found that TLR7 expression was time-
dependently induced 48 h after exposure to the mimic 
miRNA let-7b in HEI-OC1 cells (Figure S3). This indicated 
the stability of the mimic miRNA let-7b.

CONCLUSION

In this article, we reviewed the coordinate mechanisms 
for exosomal miRNA and autophagy through the TLRs 
signaling pathway and the roles of apoptotic vesicles 
derived from dead cells as the main regulators of the 
corresponding immune regulation, and summarized the 
possibility of miRNA-enriched exosomes with the ability 
to cross the BLB as potential nanocarriers for inner ear 
disease in the near future. The field of miRNA-enriched 
EV therapies may expand with the use of immortalized 
cells, such as auditory cells, as a cell source for capturing 
EVs in animal studies and even clinical trials. Of course, 
we know that there is a significant hurdle to overcome 
for treating inner ear disease with EVs enclosing miRNAs 
in the clinic. However, we believe that miRNA-enriched 
EVs therapies have high potential as new treatments for 
inner ear diseases in terms of effectiveness, safety, and 
certainty. Further developments in this field are expected.
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