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Extruded small extracellular vesicles: splinters of circulating
tumour cells may promote cancer metastasis?
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We speculate ruptured circulating tumour cells (CTC) in capillaries could release a large number of small extracellular vesicle-like
vesicles, namely mechanically extruded seV (sEV™€), which can encapsulate chromosomal DNA fragments. These sEV™® have similar
physicochemical properties compared to small extracellular vesicles spontaneously secreted by living cells (sEV*®), and thus sEV™®
and sEV** cannot be effectively distinguished based on their size or membrane protein markers. Meanwhile, these sEV™ derived
from CTC inherit oncogenic payloads, deliver cargo through the bloodstream to recipient cells, and thus may promote cancer
metastasis. The validation of this speculation could facilitate our understanding of EV biogenesis and cancer pathology. The
potential finding will also provide a theoretical foundation for burgeoning liquid biopsy using DNA fragments derived from

harvested sEV.
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Extracellular vesicles (EV) are lipid bilayer membrane-enclosed
vesicles that can mediate intercellular communication through
transferring parental cell-derived proteins and nucleic acids [1].
Although the biogenesis of EV has not yet been fully understood [2],
based on their mechanism of release and size EV are generally
divided into three classes: exosomes (30-120 nm), microvesicles
(50-1000 nm), and apoptotic bodies (500-2000 nm). According to
Minimal Information for Studies of Extracellular Vesicles guidelines
(MISEV2018), the term small EV (sEV) is used to describe EV that are
less than 200 nm, while the term large EV as the ones that are larger
than 200 nm [3]. It is noteworthy that sEV can efficiently evade
phagocytosis dominated by tissue-resident macrophages and blood
monocytes [4], which allows sEV to mediate long-distance inter-
cellular communication. In comparison, large EV are more likely to
encounter macrophages, patrolling monocytes, and mature dendritic
cells [5], which can quickly scavenge large EV. Therefore, in recent
years sEV have gained greater attention than large EV. Numerous
studies demonstrated that sEV hold promise for pathophysiologic
and translational discoveries. For instance, in tumour growing
evidence reveals that sEV can modulate immune system, promote
cancer metastasis, contribute to therapeutic resistance, enable liquid
biopsy for cancer diagnostics, deliver anticancer drugs as natural
nanocarriers, and treat tumours as therapeutic agents [6, 7]. In brief,
sEV can efficiently evade immune clearance, successfully deliver
cargo, and alter the phenotype of recipient cells. With this in mind,
we used the term sEV in this perspective.

In general, proteins and RNA are described as the main cargo of
sEV. It is noted that previous studies identified mtDNA and ssDNA
in sEV [8, 9]. Recently, the existence of genomic dsDNA fragments
and circular extrachromosomal DNA in sEV were confirmed
[10-15]. We and others further found sEV-derived dsDNA
represents the entire genome, reflects the mutational status,
and shows identical copy number variation of parental cells
[16-19]. When the evidence is taken together, one question arises
as to how tumour DNA is packaged in sEV. The classic theory
states exosomes and microvesicles are derived from the
endolysosomal pathway and outward budding of cellular mem-
branes, respectively. Meanwhile, a variety of RNA and proteins in
the cytoplasm can be sorted and encapsulated into exosomes and
microvesicles. Their forming processes are not believed to be
involved with nuclear, mitochondria, or DNA fragments [20].
Although the majority of DNA fragments actually attach to the
outer surface of sEV [14, 21], few studies demonstrated DNA
fragments can indeed be sorted to sEV and partially disclosed the
potential mechanisms [12-15]. Therefore, the fact of DNA
fragments encapsulated in sEV exists but is not well understood
[22-26]. Nevertheless, the presence of DNA fragments in sEV has
generated interest in biogenesis, cargo selection, and the
physiological significance of sEV. For example, horizontal DNA
transfer to recipient cells could be achieved by stV [25], which
may inspire us to investigate and elucidate the biological roles of
sEV in cancer development, metastasis, and genome evolution.
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Proposed sEV™® generation by CTC. a Release of sEV™ by arrested MDA-MB-231 breast cancer cells in microchannels mimicking

capillaries (microchannel width: 10 um; length: 600 pm; pressure: 15 mmHg). b Transmission Electron Microscopy (TEM) image of sEV™®
produced by arrested MDA-MB-231 cells in microchannels (microchannel width: 10 uym; length: 600 pm; pressure: 15 mmHg), which exhibits
characteristic saucer-shaped morphology. ¢ Structured lllumination Microscopy (SEM) image of sEV™ produced by arrested GFP MDA-MB-231
cells in microchannels. Fluorescence: red: DID, membrane label; green: GFP, cytoplasm label; blue: Hoechst 33342, DNA label. d TEM image of
SEV** harvested from cell culture supernatant of MDA-MB-231 cells, which also exhibits characteristic saucer-shaped morphology. e lllustration

of releasing sEV™® by arrested CTC in capillaries.

In addition to the disclosed or proposed mechanisms, based on
our previous findings, we speculate that genomic DNA fragments
loaded vesicles could be derived from circulating tumour cells
(CTQ) that are extruded in capillaries. Tumour cells that detach
from the primary tumour and shed into vasculature are referred to
as CTC [27]. It is believed that CTC can circulate through peripheral
blood, infiltrate distant organs, and survives as disseminated seeds
for eventual relapse. Due to relatively large size (12-25 um) and
stiffness, over 90% of CTC are easily arrested in the capillaries
(diameter ~5 um, length ~1 mm) of lung, liver, myocardium, and
skeletal muscle during metastasis [28, 29]. Subsequently, the
differential capillary blood pressure between the free ends of the
arrested CTC and the external tissue pressures can rupture the
membrane and traumatise arrested CTC in seconds [30]. When we
investigated the mechanism of tumour cell translocation through
microchannels with 4-8 um width mimicking capillaries, we
observed that under equivalent capillary blood pressure
(2-3 kPa) tumour cells release EV-like vesicles (Fig. 1a). These
crude EV-like vesicles have a wide range of size, ranging from tens
of nanometres to micrometres. Subsequently, following the
recommended protocol for sEV isolation, we harvested sEV-like
vesicles, namely mechanically extruded sEV (sEV™¢, Fig. 1a-c). We
further found mechanical extrusion of ~1x 107 cancer cells can
generate ~9x10'% sEV™ in a few minutes [31]. The count of
SEV™€ is much higher than that of sEV spontaneously secreted by
living cells (SEV*®) on the same time scale. Moreover, these sEV™®
contain canonical sEV*® protein markers, DNA fragments, and a
variety of RNA. Under electron microscopy, there is no significant
difference in morphology between sEV™® and sEV** (Fig. 1d). Both
displayed a typical saucer-shaped morphology. Briefly, sEV™ and
SEV®* have very similar physicochemical properties, and thus it is
difficult to distinguish between the two. These findings imply that
CTC under physical destruction may explosively release a large
amount of sEV™ into peripheral blood (Fig. 1e). On the other
hand, DNA fragments could be wrapped into sEV™® when CTC are
squeezing through the capillary constriction. The latest studies
demonstrated nuclear deformation damages the integrity of the
nuclear envelope and chromosomal DNA, leading to DNA
fragments may flow into cytosol [32, 33]. Afterwards, the DNA
fragments can be encapsulated into sEV™ (ruptured CTC) or sEV**
(survived CTC) and further released to extracellular space. Taken
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together, we speculate that arrested CTC in capillaries can
generate a mass of DNA-loaded sEV™® under mechanical pressure,
which could interpret why DNA fragments can be identified in
these small vesicles. In the clinical setting, these CTC-derived
SsEV™® which contain chromosomal DNA fragments may partially
contribute to liquid biopsy.

The mechanisms of sEV™® generation in capillaries may involve
exocytosis, shedding, and others, which depend on the external
pressure exerted on the arrested CTCs. A mild-to-moderate
pressure difference between the free ends of the arrested CTC
may compel the plasma membrane at distal end to bulge outward
and release sEV™ (Fig. 1a). In brief, externally mechanical stress
can influence water and ion permeation of cells [34]. The ripple
effect increases membrane tension and leads to instabilities of cell
shape. When the arrested CTC cannot endure external stress and
fail to regulate the intracellular pressure/volume, the high
membrane tension stimulates exocytosis and release sEV™¢, which
acts to decrease membrane tension [35]. Moreover, under
moderate to high-pressure sEV™® can be formed as a result of
the severe disruption of the cell membrane and reorganisation of
lipid bilayer-forming vesicles through lipid self-assembly in
seconds [36]. It is noteworthy that these two mechanisms may
co-exist in sEV™ generation. Nevertheless, the generation
mechanisms of sEV™ are not fully understood yet, and relevant
research remains scarce. In this perspective, we just provide a
humble remark, the exact mechanisms could be further explored
in future studies.

Physical destruction of CTC in the capillary bed may causes CTC
death, and thus reduces the risk of metastatic seeding of CTC.
However, it is two-edged. The physically destructed CTC might still
play important biological roles in metastasis. Recent studies
demonstrated that sEV™® derived from stem cells have similar
biological functions in comparison with that of sEV** [37, 38].
Accordingly, sEV™® derived from stem cells have been tested in
regenerative medicine [39], such as skin rejuvenation and bone
repair [40-47]. We also found the sEV™® derived from highly
malignant breast adenocarcinoma cell line MDA-MB-231 cells can
significantly promote migration of low malignant breast adeno-
carcinoma cell line MCF-7 cells in a wound-healing assay,
demonstrating sEV™ own similar biological functions of sEV**
[48]. In our recent study [49], we further compared cargo of sEV™®
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and sEV** derived from nine cancerous cell lines using high-
throughput sequencing. Protein sequencing data reveals the
similarity of membrane proteins between the two groups was
~71%, while it was ~21% when pertaining to total protein cargo.
Moreover, analysis of the top 1000 small RNA with RNA
sequencing showed a ~65% similarity between the two groups.
Our findings indicate that sEV™ have biological functions in
regulating cellular activities to a certain extent. The first-hand
evidence supports that sEV™® prepared by mechanical extrusion
of stem cells can promote tissue regeneration and can be good
substitutes for sEV**, On the other hand, our findings intensely
imply that sEV™® containing oncogenic payloads inherited from
CTC can easily and extensively disseminate through the circulation
system. The released sEV™® have similar biofunctions in compar-
ison with sEV*%, and thus may imperceptibly influence recipient
cell activities, precondition premetastatic niche, inhibit antitumor
immunity, and assist CTC escaping from sequestration from
capillaries to seed and propagate.

To validate our speculation, peers can generate sEV™® with
capillary-mimetic microchannels in vitro, measure sEV™® count
and morphology, and comprehensively compare cargo between
SEV™® and sEV*. Afterwards, engineered tumour cells bearing
membrane fluorophore can be injected into mesenteric capillary
bed for observation of sEV™® formation in vivo with super-
resolution microscopy [50-52]. The major tissue distribution of
SEV™® can also be tracked. To investigate biological functions of
SEV™€, less metastatic or normal cells can be educated with sEV™®
derived from highly metastatic cancer cells with a variety of assays
in vitro. In the animal study, prepared sEV™€ can regularly be given
by intravenous infusion to treat mice followed by intravenous
inoculation of aggressive cancer cells. The perfusion and extra-
vasation of inoculated cancer cells can be quantified. The potential
tumour colonisation and metastasis in major organs of mice can
also be enumerated [53]. Meanwhile, peers can investigate
whether the number of colonisation is associated with the
concentration gradient of sEV™®,

On all accounts, the biogenesis of sEV in vivo might be much
more complex than our current recognition, and thus it deserves
further investigation. In tumour-related studies, the full under-
standing of sEV biogenesis would favour the understanding of
metastasis and facilitate clinical therapeutics, although it might be
difficult due to their nanoscale size, inadequate tumour-specific
protein biomarkers [54], and lack of visualised methodologies [55].
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