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Abstract

Exosomes, a type of extracellular vesicles (EVs), are secreted from cells and taken up again by other cell types. They have attracted attention
as new intercellular communication factors involved in various biological processes. Multivesicular bodies (MVBs) are intracellular organelles
that are sources of exosomes. Recently, molecular regulatory mechanisms of EVs and MVBs mediated by ubiquitin and ubiquitin-like proteins
(UBLs) have been elucidated. These include regulation of MVBs by deubiquitinases and neddylation, ubiquitination of human epidermal
growth factor receptor 2 (Her2), a well-known target of cancer therapy, the relationship between UBL3 and cancer, and the relationship
between the novel coronavirus infection, COVID-19, and EVs. In this manuscript, we present recent progress in the field. Based on this

information, we discuss novel potential therapeutic strategies for exosome-related diseases.
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Commentary

The multivesicular body (MVB), also called late endosome,
is a subset of specialized endosomal compartments rich in
intraluminal vesicles (ILVs). Multiple ILVs accumulate within
MVBs [1,2]. ILVs are formed by invagination of the limiting
membrane of early endosomes and budding into the lumen
of the organelle. ILVs sequester specific proteins, lipids and
cytosolic components. Although exosome release is known
to be mediated by MVB, its regulation is not fully understood.
Once MVBs fuse with lysosomes, the cargo of the ILVs is
degraded. On the other hand, when MVBs fuse with the
plasma membrane, the contents of ILVs are secreted outside
the cell via exosomes. Most synthesized proteins are modified
by post-translational modifiers, which regulate the amount,
localization, stability, and activity of proteins. Post-translational
modifications (PTM) are involved in the regulation of cellular
functions [3]. The formation of MVB is known to be regulated
by the endosomal sorting complexes required for transport
(ESCRT) systems [1], as well as tetraspanins and UBLs. ESCRT
systems are also dependent on ubiquitination [4]. Recently,
ubiquitin and UBLs were reported to be involved in the

regulation of ILV and MVB. Proteins modified by ubiquitin,
SUMO, or UBL3 were incorporated into MVB.

Regarding the fusion of MVB to the plasma membrane
and exosome release, the Rab family of small GTPase,
including Rab27 [5], Rab11 [6], Rab35 [7], and cortactin [8],
are responsible for the process. It was reported that Rab27
is ubiquitinated and degraded by the ubiquitin-proteasomal
pathway and that the exosome release is regulated by
inhibiting its ubiquitination [9]. In other words, KIBRA binds
to Rab27a and inhibits the ubiquitination of Rab27, thereby
increasing exosome release. Interestingly, KIBRA has been
identified as a molecule that affects memory [10,11]. A
genome-wide association study (GWAS) performed to analyze
factors affecting human memory revealed that individuals
with the KIBRA (rs17070145) T allele performed significantly
better on multiple episodic memory tasks than those with the
homozygous C allele [10]. This study used functional magnetic
resonance imaging (fMRI) to analyze brain activation states
and found differences between alleles in areas related to
memory recall. Furthermore, a follow-up cohort study has
also shown the involvement of the KIBRA T allele in memory
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Figure 1: Schematic illustration of the regulation of MVBs and EVs by UBLs. UBLs (Ubiquitin, Nedd8, SUMO, ISG15, ATG12, and UBL3)
are depicted as small oval shapes. The functions of UBLs have been described in our previous review [3]. In this review, we focus on the
regulatory mechanisms of Her2 and ACE2 sorting, regulation of MVBs by Rab27 and Rab7, and retrofusion.

performance [12]. Interestingly, in patients with Alzheimer's
disease (AD), the KIBRAT allele has been reported to influence
the risk of developing the disease [13,14]. Neurons also
release exosomes and the propagation of malignant proteins
via exosomes is involved in neurodegenerative diseases. The
analysis of the regulatory mechanisms of KIBRA is expected to
become an important area of research in neurodegenerative
diseases related to exosome regulation.

The ubiquitination level of target proteins is regulated by
the balance between ubiquitination and deubiquitination. A
search for deubiquitinases (DUBs) involved in the endosomal
process, and MVB formation has led to the identification of
ubiquitin-specific processing protease 32 (USP32) [4]. A loss
of function in the gene encoding USP32 affects MVB size,
content, and localization. Comprehensive proteomic analyses
revealed that Rab7, the molecule that transports MVB to the

lysosomal degradation pathway [15,16], is a target of USP32.
Importantly, the amount of endogenous Rab7 was not altered
by USP32 loss, indicating that Rab7 is not directly degraded
by ubiquitination. Deubiquitination of Rab7 by USP32 is likely
to promote the release of Rab7 from the membrane to the
cytosol, which could affect MVB activity [4]. Furthermore,
Corola was reported as a molecule that activates Rab7 [17].
Neddylation is a type of PTM that tags the ubiquitin-like
protein NEDD8 to target proteins. Neddylated Coro1a binds to
Rab7 and activates Rab7 [17]; therefore, MVBs are targeted by
lysosomes for degradation, and exosome secretion is reduced.
These results indicate that inhibitors of deubiquitination and
neddylation enzymes have potential medical applications
in exosome-related diseases. The crosstalk between these
regulatory mechanisms, such as the mode of binding to
Corola with ubiquitinated Rab7 and the biological effect of
USP32 on Corola-bound Rab7, may be the next issue to be
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explored. The effects on KIBRA and DUBs mentioned above
also seem to be of importance. Further analysis of these issues
will help to elucidate the transport and sorting mechanisms of
MVB and exosome release.

Recently, an interesting phenomenon was verified in the
regulatory mechanism of MVBs. MVBs are known to have two
fates: fusion with lysosomes, leading to the degradation of
their contents, or fusion with the plasma membrane, leading
to the release of their contents via exosomes. By combining
a chemically induced dimerization (CID) system with
microscopic analysis, the state of retrofusion, in which ILVs
incorporated into MVBs are released back into the cytosol, was
observed for the first time [18]. This retrofusion mechanism
is believed to be involved in exosome uptake and major
histocompatibility complex class Il (MHC class Il) antigen
presentation. Interestingly, MVBs undergoing retrofusion
are not involved in exosome release [18]. The retrofusion
system may be involved in the mechanism of escape from
the degradation of the virus after infection. Currently, it is not
clear how the fate of the MVB is finely tuned. The relationship
between the regulatory system of retrofusion and the roles
of Rabs and UBLs is unknown. Further analysis is required to
clarify the precise underlying mechanisms.

Exosomes are involved in a broad spectrum of biological
phenomena and have been studied in various research fields.
Her2 is a well-known marker of certain types of breast cancers
[19] and is also a target of the anticancer drug Trastuzumab
(clinical reagent also known as Herceptin) [20]. Interestingly,
Her2 is known to be sorted into EVs [21, 22]. The regulatory
system of sorting Her2 into EVs is important because Her2
on the EV surface inhibits Herceptin's effect on cancer cells
[23]. Her2 is also amplified in advanced and metastatic
colorectal and gastric cancers [24]. Recently, it has been
reported that Her2 is regulated by ubiquitin. Endogenous
Her2 is ubiquitinated, and the IFN-y-stimulated decrease in
Her2 protein is inhibited by the knockdown of E3 ubiquitin
ligase Cullin5 (CUL5) [25]. Another study showed that USP2
inhibitors promote Her2 ubiquitination and transport into the
lysosome [26]. Although the effect of DUBs inhibitors on Her2
sorting into EVs is unknown, these results indicate that specific
inhibitors of USP2 could be novel cancer drug candidates.

Our previous analysis reported that the novel post-
translational modification factor UBL3 regulates protein
sorting into exosomes [27]. Recently, UBL3 has been identified
as a cancer marker in studies comparing cancerous and normal
tissues. Pancreatic cancer has a poor prognosis. Expression
datasets of pancreatic cancer and normal pancreatic tissues
were obtained from a database, and a comparative analysis
identified CDKN2A, BRCA1, and UBL3 as variable molecules
[28]. Interestingly, this is not the first report of an association
between BRCAT and UBL3. Although mutations in BRCA1/2
are known to induce breast cancer development, not all the
breast cancer patients had mutations in BRCA1/2. A genome-

wide analysis of BRCA1/2 mutation-negative, high-risk breast
cancer patients identified novel susceptibility loci for the
PDE7B, UBL3, and CDKN2B-AS1 genes [29]. Therefore, these
molecules may be involved in tumor progression. In addition,
an analysis of gene expression between gastric cancer and
normal tissue revealed that the expression levels of four
genes (BGN, E2F3, PLAU, and SPP1) increased, and UBL3
gene expression levels decreased in gastric cancer and non-
small cell lung cancer [30,31]. The effect of decreased UBL3
expression on EV release from gastric cancer cells and lung
cancers is an issue. Since 60% of the molecules sorted into EVs
are affected by UBLS3, it is important to determine whether
breast cancer-susceptible proteins, including Her2 and BRCAT,
are molecules modified by UBL3.

SARS-CoV-2, the cause of the novel coronavirus infection, is
transmitted by the binding of the spike protein on the virus
surface to its target molecule, angiotensin-converting enzyme
2 (ACE2). Compared to seronegative controls, serum EVs from
COVID-19 patients were found to contain high levels of ACE2
(evACE2). Furthermore, evACE2 showed 135-fold higher
binding efficiency than vesicle-free recombinant human ACE2
(rhACE2) and 60-80-fold stronger ability to prevent SARS-
CoV-2 infection [32]. The most important finding was that
evACE2 was bound to the a, 3, and & SARS-CoV-2 variants.
Thus, evACE2 is a potent inhibitor of novel variants that are
expected to emerge in the future. evACE2-based therapeutic
strategies are completely different from the available SARS-
CoV-2 antiviral drugs and are therefore important as a means
to combat novel viral variants that will emerge in the future.
It has also been shown that ACE2 is degraded in lysosomes
via ubiquitination by E3 ubiquitin ligase [33-35]. Therefore,
ACE2 sorting into EVs is regulated by ubiquitination. From
the viewpoint of pharmaceutical applications, it is important
to search for the specific DUBs involved in this process. At
present, whether the EV transport of ACE2 is regulated by
ubiquitin or related UBLs is unknown. The search for agents
that promote EV transport of ACE2 could become a completely
different therapeutic strategy from the current SARS-CoV-2
therapeutics. It is expected to be a useful therapeutic agent
against novel variants that will emerge in the future.

Since ubiquitination is involved in various biological
phenomena, proteasome inhibitors have been used for
medical applications. However, the lack of specificity of
proteasome inhibitors is problematic. Therefore, inhibitors of
specific E3 ubiquitin ligases have been developed [36]. Specific
inhibitors of DUBs have also been explored [37]. Many recent
studies have indicated that MVBs and exosome release are
regulated by UBLs. The development of specific inhibitors will
become increasingly important as novel medical strategies for
exosome-related diseases in the future.
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