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(57) ABSTRACT

Methods of isolating midbodies or midbody remnants by
combining a polyethylene glycol (PEG) solution with a
biological sample, incubating the PEG solution and the
biological sample and recovering the midbodies or midbody
remnants via low-speed centrifugation. The biological
sample may be conditioned media, plasma, serum, cerebral
spinal fluid, urine, blood, saliva or tissue. Methods of using
the midbodies or midbody remnants are also provided.
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THE MIDBODY AND MIDBODY REMNANT
ARE ASSEMBLY SITES FOR RNA AND
ACTIVE TRANSLATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Patent Application No. 63/507,671, filed Jun.
12, 2023, the entire contents of which are hereby incorpo-
rated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under GM139695 awarded by the National Institutes of
Health and under 1716298 awarded by the National Science
Foundation. The government has certain rights in the inven-
tion.

BACKGROUND OF THE INVENTION

[0003] The midbody (MB) is a protein and RNA-rich
structure assembled during mitosis at the overlapping plus
ends of spindle microtubules, where it recruits and positions
the abscission machinery that separates dividing cells. Long
thought to be quickly internally degraded in daughter cell
endo-lysosomes, recent studies revealed that a majority of
MBs are released extracellularly as membrane-bound par-
ticles, or large extracellular vesicles, following bilateral
abscission from nascent daughter cells. Released post-mi-
totic MB remnants (MBRs) are bound and tethered by
neighboring cells, internalized, and can persist in endosomal
compartments for up to 48 hours as signaling organelles
(termed MB-containing endosomes or MBsomes) before
being degraded by endo-lysosomes.

[0004] Distinct cell types, including cancer and stem cells,
exhibit differing avidities for internalizing MBRs, and exog-
enous addition of MBRs correlates with increased prolifera-
tion and tumorigenic behavior. MBRs have been implicated
in specifying apicobasal polarity and lumenogenesis in
epithelia; specifying primary cilium formation, neurite for-
mation, and dorsoventral axis formation; and specifying
stem cell pluripotency.

[0005] The functional importance of MBR signaling in the
regulation of cell behavior, cell proliferation, architecture,
and cell fate is only beginning to be understood. In view of
the foregoing, it would be desirable to have a better under-
standing of MBR biogenesis, function and improved meth-
ods of isolation.

BRIEF SUMMARY OF THE INVENTION

[0006] As demonstrate herein, large EVs originate during
mitosis, are midbody remnants, and that MKL.P1 and trans-
lation activity are unique markers for this EV class.
Described here are methods of isolating midbodies, mid-
body remnants or large extracellular vesicles. In one
embodiments the method comprises combining a polyeth-
ylene glycol (PEG) solution with a biological sample com-
prising midbodies or midbody remnants, incubating the PEG
solution and the biological sample for at least 4 hours and
recovering the midbodies or midbody remnants, wherein the
PEG solution comprises between 0.5 and 5% PEG. In some
embodiments, the PEG solution has a final concentration of
at least 1% and less than 3%. In some embodiments, the
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PEG solution further comprises nanoparticles. In some
embodiments the method further comprises labeling the
recovered midbodies, midbody remnants or IEV with an
MKLP1, CD9, MgcRACGAP1, PLKI1, AURK, CITK,
ANNEXIN 11, TEX14 or ARC affinity reagent and sorting
for the labeled recovered midbodies or midbody remnants.
[0007] Another embodiment of the present invention pro-
vides a method for inducing the differentiation of cells. In
some embodiments, the method comprises contacting a
pluripotent cell with the midbodies or midbody remnants
produced by a method described herein, wherein the
pluripotent cell differentiates into the same cell type from
which the midbodies or midbody remnants were derived.
[0008] Another embodiment of the present invention pro-
vides a method detecting cancer in a subject. In some
embodiments, the method comprises obtaining a biological
sample from a subject, isolating the midbodies or midbody
remnants from the biological sample using a method
described herein and counting the midbodies or midbody
remnants to determine if the subject has cancer. In some
embodiments, the presence of a biomarker in the isolated
midbodies, MBR or IEV is indicative of cancer.

[0009] Another embodiment of the present invention pro-
vides a method of delivering a therapeutic cargo to a target
cell. In some embodiments, the method comprises collecting
midbodies, MBR or IEV by a method described herein and
contacting the target cell with the collected midbodies, MBR
or IEV.

[0010] Another embodiment of the present invention pro-
vides a method of diagnosing a proliferative disease. In
some embodiments, the method comprises measuring
MKLP1 in a biological sample from a subject and compar-
ing the level of MKLP1 in the biological sample to a level
of MKLP1 in a control sample, wherein an increase in the
level of MKLP1 in the biological sample as compared to that
in the control sample is indicative of the proliferative disease
in the subject.

[0011] Another aspect of the present invention provides a
method of selecting large extracellular vesicles (iEV) from
a sample. In some embodiments, the method comprises
contacting a sample with an anti-MKLP1 antibody, wherein
the portion of the sample that binds to MKLP1 contains the
IEV or MBR. In some embodiments, selecting the IEV or
MBR isolates the IEV or MBR from the sample. In some
embodiments, the portion of the sample that does not bind
to the anti-MKLP1 antibody contains a small EV.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application with color drawing(s) will be provided by the
Office upon request and payment of the necessary fec.
[0013] Non-limiting embodiments of the present invention
will be described by way of example with reference to the
accompanying figures, which are schematic and are not
intended to be drawn to scale. In the figures, each identical
or nearly identical component illustrated is typically repre-
sented by a single numeral. For purposes of clarity, not every
component is labeled in every figure, nor is every compo-
nent of each embodiment of the invention shown where
illustration is not necessary to allow those of ordinary skill
in the art to understand the invention.

[0014] FIG. 1. Increasing the concentration of PEG6000
distorts the MKLP1-GFP signal and MBR structure. (A)
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Cleared conditioned medium from HelLa (CCL2) cells was
incubated with increasing concentrations of PEG6000 and
settled onto coverslips. Increasing PEG concentration
resulted in decreased transparency. The Scale bar represents
5 um. (B) Higher PEG6000 concentrations caused an
increased, blurred appearance to the large vesicles. The
coverslips were imaged at 20x magnification on a brightfield
microscope. The scale bar represents 100 um. (C) MBRs
isolated from HeLa-MKLP1-GFP cell culture medium by
increasing PEG6000 concentrations imaged at 100x magni-
fication by N-SIM Z projection. The scale bar represents 10
pm.

[0015] FIG. 2. Isolated MBRs are midbodies (MB) formed
during the late telophase stage of mitosis. (A) Representa-
tive images of MBRs isolated from HeLa-CCL-2 cells
stained with anti-MKLP1 (magenta) and anti-CD9 (cyan).
Images were taken at 60x magnification on a confocal
microscope. The scale bar represents 24 um, and the inset
represents an 8x enlargement of the dotted square. The same
slide images of isolated MBRs from HeLa-CCL-2 cell
culture labeled with anti-MKLP1 (Magenta) and anti-CD9
(Cyan) were taken at 100x magnification on an N-SIM
microscope. The scale bar represents 10 um, and the inset
represents a 4x enlargement of the dotted square. (B)
Representative images of mitotic HelL.a-CCL-2 cells labeled
with anti-MKLP1 (green), anti-c-tubulin 555 (red), and
DAPI (gray). The green midbody in the first image attaches
two daughter cells in the final stages of mitosis. Green MBR
is taken up by a cell in interphase post-mitosis. Images were
taken at 100x magnification on an N-SIM microscope. The
scale bar represents 10 um. (C) Representative images of
isolated MBRs from Hel.a-CCL-2 cells using transmission
electron microscopy confirm the electron-dense property of
MBs at 40,000x magnification. The scale bar represents 500
nm.

[0016] FIG. 3. Comparison of GOLD PEG5000 nanopar-
ticle concentrations in the isolation of midbody remnants
(MBRs). (A) HeLLa CCL-2 clear conditioned medium was
incubated with decreasing concentrations of PEG-coated
gold nanoparticles overnight at 4° C. MBRs were stained
with anti-MKLP1 and imaged at 20x magnification. The
scale bar represents 90 um. (B) HeLa MKLP1-GFP clear
conditioned medium was incubated with PEG5000-coated
gold nanoparticles at a 1:5000 (v/v) dilution overnight at 4°
C. MBRs were stained with anti-CD9 and imaged at 20x
magnification. The scale bar represents 90 um. (C) HeLa
MKLP1-GFP clear conditioned medium was incubated with
PEGylated gold nanoparticles at a 1:5000 dilution (v/v)
overnight at 4° C. MBRs were stained with anti-CD9 and
imaged at 100x magnification. The scale bar represents 10
um. Inset shows a 10x zoomed view of the MBR.

[0017] FIG. 4. Pictorial overview of a protocol for the
isolation of class III extracellular vesicles or midbody rem-
nants from human cell culture medium using 1.5%
PEG6000 or PEGylated gold particles.

[0018] FIG. 5: Canonical Extracellular vesicle (EV) mark-
ers CD9, CDS81, flotillin-1, and dsRNA assemble on to the
spindle midzone, midbody, and MBR during mitosis. (A-D)
EV and midbody marker (MKLP1) localization patterns
during each stage of mitosis. HelLa (CCL2) cells were
immunostained with EV markers, shown in cyan, including
(A) CD9, (B) CD81, (C) Flotillin-1, and (D) dsRNA.
MKLP1 is shown in magenta, and DAPI is shown in
grayscale in all panels. (A-C) CD9, CD8 and flotillin form
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a clouds on either side of the metaphase plate, and then
assemble on to the spindle midzone, midbody, and then
MBR. (D) dsRNA does not appear as a cloud but in puncta
in the cytoplasm during interphase and metaphase. Then in
anaphase, dsRNA localizes to the spindle midzone, midbody
and MBR. Overall, the canonical markers used by the EV
field assemble on the spindle midzone, midbody and MBR.
[0019] Images were taken with a 100x objective on a SIM
microscope. Insets show a 15x zoom of the dashed box in
the image to reveal co-localization of the EV marker (cyan)
with the midbody marker, MKL.P1 (magenta). The percent-
ages indicate the fraction of cells with the same protein
localization pattern for each EV marker. For the following
stages and markers, N represents the number of images
analyzed. CD9: interphase, n=11; metaphase, n=18; ana-
phase, n=15, early telophase, n=15; late telophase, n=14;
MBR, n=15. CD81: interphase, n=13; metaphase, n=13;
anaphase, n=13; early telophase, n=13; late telophase, n=14;
MBR, n=13. Flotillin-1: interphase, n=14; metaphase, n=16;
anaphase, n=8; early telophase, n=13; late telophase, n=15;
MBR, n=13. dsRNA: interphase, n=13; metaphase, n=13;
anaphase, n=13; early telophase, n=13; late telophase, n=13;
MBR, n=13. The scale bar represents 10um.

[0020] FIG. 6: Localization of the canonical EV markers
CD9, CD63 and CD81 with MKLP1 in isolated MBRs.
Isolated HelLa MBRs (using 1.5% PEG6000 method) were
immunostained with EV markers (A) CD9, (B) CD63, and
(C) CD81 labeled in cyan; and MKLP1 labeled in magenta.
Here, we observe that for CD9 (A), this marker is found
primarily within the MBR, whereas, CD63 and CD81 (B-C),
were found primarily on the surface of the MBR. (D-F)
Normalized line scans of MBRs in projected Z-series images
from (A-C). n represents the number of MBRs analyzed.
Images were taken with 100 A~ objective on a SIM micro-
scope. Z-stack images were taken at 0.15 um intervals
through the whole MBR. The scale bar represents 1 um.
[0021] FIG. 7: Schematic summary of common and newly
developed EV isolation methods used in this study. EVs/
MBRs were isolated from cell culture media using ultracen-
trifugation, total exosome isolation reagent (TEIR), Protein
G Dynabeads (Dynabeads), Skop Laboratory 1.5%
PEG6000 (Skop 1.5% PEG), and Skop Laboratory 30 nm
gold particle methods (Skop gold nanoparticles). Isolated
EVs/MBRs were then spotted on Poly-L-Lysine coverslips,
immunostained and then imaged on a SIM, confocal, or
brightfield microscope.

[0022] FIG. 8: Common, commercial, and newly devel-
oped isolation methods all isolate midbody remnants
(MBRs). (A) Using common, commercial, and newly devel-
oped methods for isolating EVs, we determined if CD9
(cyan) and MKLP1 (magenta). were detected in isolated
fixed samples. Here, all isolations demonstrated a consider-
able overlap between MKLP1 and CD9 labeling, but not all
CD9 positive EVs were MKLP1 positive. Insets show a 5x
zoom of the dashed box in the image. Images were taken
with a 60x objective, and the scale bar represents 50 um. The
number of individual and overlapping particles in each
channel were automatically counted using a custom macro
tool using ImageJ developed in the lab (see Particle counting
in methods) and data can be found in (B-C). (B) Percentage
of MKLP1 labeled particles (MBRs) that were also labeled
with CD9 by each method were quantified. Data show
clearly that all EV isolation methods isolate MBRs. (C) In
general, the percentage of MKLP1 labeled particles (MBRs)
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among all isolated large particles (CD9, MKLP1, and over-
lapping) for each method is just over 45%. For our Skop lab
gold nanoparticle method, this increased to about 65%. For
the following, N represents the number of images analyzed:
ultracentrifuge (n=15), TEIR (n=19), Dynabeads (n=15),
Skop 1.5% PEG6000 (n=33), and Skop gold nanoparticles
(n=17). Asterisk represents statistical significance (*p<0.05,
*#p<0.01). Numbers on graph bars represents the exact
percentage on the Y axis. Dotted red line represents the
control ultracentrifuge percentage.

[0023] FIG. 9: Cytokinetic failure and mitotic inhibition
reduce total EV production including MBRs. (A) Schematic
representation of MBR isolation and cell fixation following
treatment with siRNA (48 hours) or G2/M chemical blocker
RO-3306 (24 hour). (B) EV classification for quantitative
analysis. CD63 positive (magenta) and MKLP1 positive
(green) vesicles are classified as MBRs (>0.8 um). MKLP1
negative, CD63 positive EVs fall into three classes: IEV
(large EVs, >0.8 um), mEV (medium EVs, 0.5-0.8 um) and
sEV (small EVs, <0.5 um). Scale Bar represent 1 um. (C)
HeLa cells were treated with Control siRNA or MKLP1
siRNA and labeled with anti-MKILP1 (green), phalloidin
(red), anti-a. tubulin (magenta), and DAPI (cyan). Scale bars
represent 100 pm. (D-F) Quantification of total isolated EV's
in MKLP1, CD9, and overlapping channels were counted
per unit area (440 umx360 pm). Knockdown of MKL.P1 led
to a significant decrease in all sizes of EVs, not just MBRs.
For the following, N represents the number of images
analyzed: Control siRNA (n=19), and MKLP1 siRNA
(0=30). (G) Hela cells were treated with DMSO (solvent
control) or RO-3306 and labeled with anti-MKLP1 (green),
phalloidin (red), anti-c. tubulin (magenta), and DAPI (cyan).
Scale bars represent 100 um. (H-J) Quantification of total
isolated EVs in MKLP1, CD63, and overlapping channels
were counted per unit area (440 pmx360 pum). RO-3306
treatment led to a significant decrease in all sizes of EVs, not
just MBRs. For the following, N represents the number of
images analyzed: DMSO control (n=30), and RO-3306
(n=30). Statistical analysis was conducted using an unpaired
t-test to compare the differences in total isolated EV pro-
duction between the treatment groups (*p<0.05, **p<0.01,
*EEp<0.001, ¥***p<0.0001). All images were taken with a
20x objective with an NA of 0.8 on an ECHO Revolve
brightfield microscope.

[0024] FIG. 10: Common and newly developed methods
all isolate and preserve translating MBRs. (A) Schematic
showing anti-puromycin labeling strategy on isolated
MBRs. (B) Isolated MBRs were treated with puromycin and
labeled with anti-puromycin (cyan) and MKLP1 (magenta).
All isolations demonstrated overlap between puromycin and
MKLP1 labeling, confirming that all methods are isolating
and preserving translating MBRs. Particles in MKLP1,
puromycin, and overlapping channels were counted. Merged
image represents a 3.5x zoom of dashed box in CD9 (cyan)
and MKLP1 (m) images. Dashed inset represents a 40x
zoomed image of the small-dashed box in merged image.
Dotted inset in upper left corner of MERGE with CYAN
only reveals EVs that only label with PURO. Images were
taken with a 60x objective, scale bars represent 50 pm. (C)
Percentage of MKLP1 labeled particles (MBRs) labeled
with puromycin before isolation. For the following, N
represents the number of images analyzed: ultracentrifuge
(n=15), TEIR (n=14), Dynabeads (n=15), Skop Laboratory
1.5% PEG6000 (n=25), and Skop Laboratory 30 nm gold
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particles (n=26). (D) Percentage of MKLP1 labeled particles
(MBRs) also labeled with puromycin after isolation. For the
following, N represents the number of images analyzed:
ultracentrifuge (n=15), TEIR (n=15), Dynabeads (n=15),
Skop Laboratory 1.5% PEG6000 (n=15), and Skop Labo-
ratory 30 nm gold particles (n=15). Numbers on graph bars
represents the exact percentage on the Y axis. Dotted red
represents the control ultracentrifuge percentage.

[0025] FIG. 11. The biogenesis of large translating EVs
occurs in mitosis. Model depicting the assembly and local-
ization patterns of the canonical EV markers, CD9, CD81,
and flotillin-1, during mitosis (blue) and a summary of the
class of EVs identified in our study. Here, CD9, CD81, and
flotillin-1 localize as puncta in interphase cells, as two
clouds around the metaphase plate and then assemble on the
spindle midzone in anaphase cells. During anaphase, CD9,
CDg]1, flotillin-1, and dsRNA each colocalize with MKLP1
(pink), the master protein necessary for cytokinesis and
midbody function. During early and late telophase, CD9,
CD81, flotillin-1, dsRNA, and MKLP1 are enriched in the
midbody and newly forming MBR. During abscission, gen-
eration of the MBR occurs, and translation activity (shown
by ribosomes) is observed. Top inset shows the generation of
IEVs, mEVs, and sEV during interphase that we observed in
FIG. 9. We reveal that blocks in mitosis or the cell cycle,
lead to significant decreases in 1EVs and MBRs and also
mEVs, suggesting that their biogenesis primarily occurs in
mitosis.

[0026] FIG. 12: Common EV markers colocalize with
MKLP1 in late telophase and cytokinesis stages of mitosis.
HeLa cells were labeled with proteins associated with EVs
and cytokinesis including: CD81 (A), CD63 (B), HSP90
(C), ARF6 (D), TSG101 (E), ALIX (F), CIT-K (G), and
PLK1 (H) are all labeled in red; MKLP1 is labeled in green;
and tubulin is labeled in magenta. Images of the midbody in
late telophase and MBR stage were taken, and localization
of EV proteins relative to MKLP1 was observed. Images
were taken with 100x objective on a SIM microscope. Scale
bar represents 1 um.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] Extracellular vesicles (EVs) are particles that are
released from almost every type of cell, are bound by a lipid
bilayer, and function in cell-to-cell communication. EVs are
currently classified into four distinct groups based on size: 1)
exosomes or small EVs (40-100 nm), 2) microvesicles
(100-1000 nm), 3) large EVs (1,000-2,000 nm), and 4)
apoptotic bodies (1,000-10,000 nm). The biogenesis of
exosomes is well understood, and apoptotic bodies are
generated by dying cells. However, the biogenesis of
microvesicles and large EVs are less understood. Despite
seeking to standardize terminology, methods, and reporting
across studies, most researchers have assumed that all EVs
originate from interphase cells either by budding (for
microvesicles or microparticles) or exocytosis (for exo-
somes and large EVs). However, the inventors surmised that
cells are unlikely to generate a 1-2 pum large EVs during
interphase due in part to the biophysical and physiological
aspects of the biology of cells. In addition, the only time a
cell normally generates a 1-2 um vesicle is during mitosis at
abscission, which produces the midbody remnant (MBR).
As the inventors demonstrate herein, large EVs originate
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during mitosis, arc midbody remnants, and that MKLP1 and
translation activity are unique markers for this EV class.
[0028] The midbody (MB) is a transient structure at the
spindle midzone that is required for cytokinesis, the terminal
stage of cell division. The midbody was long considered a
vestigial remnant of cytokinesis but it is now known that
MBs are released post-abscission as extracellular vesicles
called MB Remnants (MBRs). MBR can be degraded by
autophagy or be inherited by a newly-formed daughter cell,
or nearby cell where they can accumulate intracellularly.
Once engulfed by daughter cells or nearby cells, MBR can
influence cell signaling and cell fate. Midbodies have also
been linked to several neurological disorders, including
microcephaly and cancers. Inefficient isolation techniques
have prevented the discovery of biological mechanisms
associated with large extracellular vesicles or MBRs. Dis-
closed herein are novel MB and MBR isolation methods and
uses thereof.

[0029] MB remnants (MBRs) and can modulate cell pro-
liferation, fate decisions, tissue polarity, neuronal architec-
ture, and tumorigenic behavior. Here, the inventors demon-
strate that the MB matrix—the structurally amorphous MB
core of unknown composition—is the site of ribonucleopro-
tein assembly and is enriched in mRNAs that encode pro-
teins involved in cell fate, oncogenesis, and pluripotency,
that the inventors are calling the MB granule. Using a
quantitative transcriptomic approach, the inventors identi-
fied a population of mRNAs enriched in mitotic MBs and
confirmed their presence in signaling MBR vesicles released
by abscission. The MB granule is unique in that it is
translationally active, contains both small and large ribo-
somal subunits, and has both membrane-less and membrane-
bound states. Both MBs and post-abscission MBRs are sites
of spatiotemporally regulated translation, which is initiated
when nascent daughter cells re-enter G1 and continues after
extracellular release. The inventors demonstrate that the MB
is the assembly site of an RNP granule. MKLP1 and ARC
are necessary for the localization and translation of RNA in
the MB dark zone, whereas ESCRT-III was necessary to
maintain translation levels in the MB. Data presented herein
suggest a model in which the MB functions as a novel
RNA-based organelle with a uniquely complex life cycle.
The inventors present a model in which the assembly and
transfer of RNP complexes are central to post-mitotic MBR
function and suggest the MBR serves as a novel mode of
RNA-based intercellular communication with a defined bio-
genesis that is coupled to abscission, and inherently links
cell division status with signaling capacity.

[0030] The midbody and midbody remnants are in a
unique place to serve as not only a vehicle for delivering
RNA based therapeutics, but an organelle where a therapeu-
tic can also be synthesized or used for delivery to cells. This
translation event occurs in early G1 of the next cell cycle just
before abscission takes place. The ability to collect and
engineer MBRs allows for this EV to be useful for EV-based
cancer therapeutics and drug delivery. The inventors have
also identified several genes including MKLP1, ARC (repur-
posed capsid-like RBP) that can be used to identify or isolate
the MB or MBRs.

[0031] One aspect of the present disclosure provides a
method of isolating midbodies (MB), midbody remnants
(MBR) and large extracellular vesicles (IEV) comprising
combining a polyethylene glycol (PEG) solution with a
biological sample comprising MBs, MBRs or EV. The
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combination of the PEG solution and the biological sample
is then incubated for at least 4 hours and as long as one week.
The midbodies or midbody remnants are then recovered
from the combination.

[0032] As used herein, a biological sample may be any
biological fluid or tissue from which the isolation of MB or
MBR is desired. In some embodiment, the biological sample
may comprise conditioned media, plasma, serum, cerebral
spinal fluid, urine, blood, saliva or tissue. Conditioned media
is the media in which a cell or ex-vivo tissue is growing.
Conditioned media comprises the secretome of a cell or
tissue in culture, including all proteins and vesicles secreted
into a culture media. Conditioned media can be collected
from a primary cell or a cell line. The cell or cell line may
be engineered such that it expresses a target of interest, for
example a cell line could be engineered to express a thera-
peutic agent or cargo. In some embodiments, the condi-
tioned media will comprise MB and or MBR which can be
isolated with the methods described herein. To optimize
isolation the conditioned medium can be isolated from
actively growing cells (i.e., cells actively undergoing mitosis
and thus producing MBs and MBRs). The conditioned
media may be harvested by decanting media from a culture
of actively growing adherent cells or may be collected by
centrifuging cells and collecting the cell-free supernatant
(conditioned media) from the cells. The centrifugation at this
step is sufficient to remove cells and cell debris but need not
be an ultra-centrifuge and can rely on a table-top centrifuge
for example at 2000xg to 5000xg for 5-15 minutes. A
biological sample may also comprise a biofluid, including,
but not limited to blood, bile, bone marrow aspirate, breast
milk, bufly coat, biopsy, cerebral spinal fluid (CSF), isolated
cells, plasma, peripheral blood mononuclear cells, saliva,
serum, sputum, stool, swabs (oral, nasal, vaginal fluids),
cerebral spinal fluid, tissues, synovial fluid or urine. A
biological sample may also comprise tissue, or any other
sample comprising cells wherein the isolation of MB or
MBR is desired. These biological fluids may also be pre-
pared in the same means as cells in culture by collecting for
example cell-free serum or by incubating cells such as white
or red blood cells in media for 4 hours to 24 hours and then
collecting the conditioned media from these cells as the
biological fluid.

[0033] The biological fluid is then combined with a PEG
solution. Combining denotes diluting the biological sample
with a 2x to 5x concentration of the PEG solution to arrive
at a final concentration of PEG in the combination of
between 0.5% and 5% PEG (wt/v). As used herein, a
polyethylene glycol (PEG) also known as polyethylene
oxide (PEO) or poly (oxyethylene) (POE), is a synthetic,
hydrophilic and biocompatible polyether. Typically, materi-
als with molecular weight less than 20,000 g/mol are
referred to as PEGs, whereas those with molecular weights
above 20,000 g/mol are referred to as PEOs. The PEG may
have a molecular weight in a range of about 400 g/mol to
about 10,000 g/mol, or from 1,000 g/mol to 9000 g/mol, or
from 2,000 g/mol to 8,000 g/mol, or from 4,000 g/mol to
7,000 g/mol. The average molecular weight may be between
5,000 g/mol to 7,000 g/mol, such as PEG6000. These
polymers are soluble in water as well as in many organic
solvents, such as ethanol, acetonitrile, toluene, acetone,
dichloromethane, hexane, and chloroform. In the disclosed
methods, PEG may aid in the precipitation of the MB or
MBR. PEG may be in a solution, wherein the PEG may be
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at a final concentration of at least 0.5%, 1%, 1.5%, 2%,
2.5%, 3%, 4% or 5%. In preferred embodiments, the PEG
may have a final concentration of 1.0%-3%, suitably 1.5%.
In some embodiments, the PEG may have a molecular
weight in a range of about 5000 g/mol to about 7000/mol.
[0034] In some embodiments, the PEG solution may fur-
ther comprise nanoparticles. The nanoparticles may be metal
nanoparticles. Metal nanoparticles may comprise silver,
gold, palladium, titanium, zinc, or copper. The metal nan-
oparticles may have magnetic properties, such as superpara-
magnetic iron oxide nanoparticles (SPION). The metal nan-
oparticles may be of varying size for example from about 3
nm to about 50 nm in size. The nanoparticles found to work
well in the Examples were 10 nm and 30 nm in size. The
surface of the nanoparticles may be coated, modified or
functionalized to optimize the function of the nanoparticle.
For example, the nanoparticle may be coated with PEG of
different molecular weights. In some embodiments, gold or
iron oxide nanoparticles with PEG 5000 may be used. In
some embodiments the gold particle concentration ranges
from 0.01% to 0.1% (v/v), preferable 0.02% (v/v).

[0035] In some embodiments, the PEG solution and bio-
logical sample are combined and incubated together. The
combination may be incubated for at least 4 hrs, 6 hrs, 8 hrs,
10 hrs, 12 hrs, 14 hrs, 16 hrs, 18 hrs, 20 hrs, 24 hrs or any
amount of time in between. The inventors have demon-
strated that the incubation can be maintained for up to one
week. The combination may be incubated at 10° C., 8° C.,
6° C., 4° C. or 2° C., or any temperature in-between. The
incubation time and temperature may be adjusted accord-
ingly, for example, a shorter incubation time may occur with
a higher temperature. The inventors also demonstrate that
the conditioned media may be frozen prior to incubation
with PEG and the MB and MBRs can still be isolated at a
later date.

[0036] In some embodiments the MB, MBR or EV are
recovered from the combined PEG solution and biological
sample by gravity collection on a slide or coverslip, via
centrifugation or using a magnet if the iron oxide nanopar-
ticles are included. The combination may be centrifuged at
any speed in the range of about 5000xg, 4000xg, 3000xg,
2000xg, 1000xg, 500xg, 400xg or 300xg or any speed
in-between. The combination may be centrifuged at the
defined speed for any time in a range of about 20 min, 15
min, 10 min, or 5 min or any time in-between. The speed and
time of the centrifugation may be adjusted accordingly for
optimal recovery of MB, MBR or EV, for example, a slower
centrifugation speed with increased time. Unlike prior meth-
ods, this method does not require the use of ultra-centrifu-
gation at any point in the method. Thus, the centrifugation
steps do not require speeds in excess of 50,000 rpm. For
magnetic separation, magnetic separation techniques are
well known in the art and can be used to collect the MBs,
MBRs or EVs.

[0037] In some embodiments, the MB, MBR or EVs are
labeled with a mitotic kinesin-like protein (MKLP1) affinity
reagent. As disclosed herein, the inventors of the present
disclosure have found MKLP1 is a specific marker for MB
and distinguishes them from other extracellular vesicles
including small EVs. The MKLP1 may be used to aid in the
recovery of the large EVs, MB or MBR, for example with
the use of cell sorting techniques, including fluorescent
activated cell sorting, magnetic cell sorting or adhesion
(affinity)-based cell sorting. In some embodiments, other
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markers of MB or MBR may be used, including, but not
limited to ARC, ESCRT-III, CD9, CD63, CD81, HSP90,
ALIX, TSG-101, RACGAP1, MgcRACGAPI1, PLKI,
AURK, CITK, ANNEXIN 11, TEX14, KLF4, FOS, JUN,
ZFP36 or any other midbody antibodies known in the art.
These markers may be used in isolation or combination with
each other or additional markers such as CD9, CD63 and or
CDs8I.

[0038] MB, MBR or EV isolated with the methods
described herein may comprise any proteins or nucleic acids
from the cell from which it was formed. As described herein,
the MB, MBR or EV isolated by the present methods may
comprise ribosomal subunits and RNA. The MB, MBR or
EV associated ribosomal subunits, including both small and
large subunits, are translationally active and are capable of
translating the mRNA to generate protein.

[0039] In some embodiments, the method further com-
prises detecting the presence of RNA in the MB, MBR or
EV. RNA may be detected by any means known in the art,
including but not limited to Northern blot analysis, nuclease
protection assay, in situ hybridization, antibodies, probes
and or reverse transcription-polymerase chain reaction. The
RNA may be derived from any source, including, but not
limited to pathogenic RNA such as RNA derived from a
virus with an RNA based genome such as RNA derived from
Zika virus, West Nile virus, Chikungunya virus, Murine
Leukemia Virus, or Human papillomavirus virus, or RNA
associated with markers of cancer such as FOS/Jun or KLF4.
The RNA may comprise any type of RNA, including, but not
limited to coding RNA such as messenger RNA, non-coding
RNA, such as ribosomal RNA, transfer RNA, small nuclear
RNA, small nucleolar RNA, piwi-interacting RNA,
microRNA or long noncoding RNA or circular RNA. The
RNA may also comprise synthetic RNA such as guide RNA,
CRISPR RNA, or tracer RNA. The RNA may also comprise
an RNA expression profile, such that the expression, expres-
sion pattern or quantity of expression may be detected.
[0040] MB, MBR or EVs isolated by the methods pro-
vided herein may be used for intracellular signaling, for
example in cell reprograming and tumorigenesis. Another
aspect of the present disclosure provides a method for
inducing the differentiation of cells comprising contacting a
pluripotent cell with the midbodies or midbody remnants
produced by the method described herein wherein the
pluripotent cell differentiates into the same cell type from
which the midbodies or midbody remnants were derived.
Pluripotent cells have the capacity to divide and differentiate
into other cell types. Contacting a pluripotent stem cell with
a MB, MBR or EV isolated from a specified cell type may
induce the differentiation of the pluripotent cell. In particu-
lar, the pluripotent stem cell may differentiate into a cell type
that is the same as or a progenitor to, the cell type from
which the MB, MBR or EV was isolated.

[0041] Another aspect of the present disclosure provides a
method detecting cancer in a subject comprising obtaining a
biological sample from a subject and isolating the midbodies
or midbody remnants with the method described herein and
counting the midbodies or midbody remnants to determine
if the subject has cancer. MB, MBR or EV may be released
from cancerous cells at a higher rate than from non-cancer
cells because the cancer cells are actively dividing and thus
isolating MB, MBRs or EVs from a set amount of serum or
other biological or cellular sample from a subject may be
used to measure the number or amount of MB or MBRs over
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a particular amount of time and may be used to monitor for
an abnormally high amount of MB or MBRs as indicative of
cancer. These MB or MBR may be released in greater
amounts or frequency than noncancerous cells. MB or MBR
released from cancer cells may comprise nucleic acids
which comprise mutations commonly associated with can-
cer or transformed cells. MB or MBR released from cancer
cells may accumulate in or be taken up by other cells. MB
or MBR released from cancer cells may change the fate,
identity or proliferative capacity of cells that take up the MB
or MBR and thus could be a source of metastases. MBs
derived from cancer cells may also comprise unique markers
only found in certain cancers and thus may be used for
diagnosis, prognosis or surveillance for recurrence. In some
embodiments MKLP1 may be used to measure or count the
MB or MBR.

[0042] Another aspect of the present disclosure provides a
method of delivering a therapeutic cargo to a target cell
comprising isolating midbodies or midbody remnants from
a cell via the method described herein and contacting a target
cell with the isolated midbodies or midbody remnants. In
some embodiments, a cell may be modified to express a
therapeutic cargo prior to isolating MB, MBR or EV from it.
A cell may be modified by any means known in the art,
including but not limited to transfection, electroporation,
microinjection, transduction, transformation or diffusion or
any means of genetic engineering including CRISPR/Cas
based engineering of cells. In some embodiments the thera-
peutic cargo may comprise RNA, DNA, protein or small
molecules. The MB, MBR or EV may be isolated with the
methods described herein and the therapeutic cargo may be
detected with the isolated MB or MBR. In some embodi-
ments, contacting a target cell with the isolated MB, MBR
or EV which comprise a therapeutic cargo will deliver the
therapeutic cargo to the target cell. Cells tend to take up MB
and MBR from cells of similar cell type so that may provide
a means of targeting a therapeutic to a particular cell type by
harvesting MB, MBR or EV from the same type of cell to
which one wants to deliver a therapeutic.

[0043] Another aspect of the present disclosure provides a
method of diagnosing a proliferative disease. In some
embodiments, the method comprises measuring MKLP1 in
a biological sample from a subject and comparing the level
of MKLP1 in the biological sample to the level of MKLP1
in a control sample. In some embodiments, an increase in the
level of MKLP1 in the biological sample as compared to that
in the control is indicative of the proliferative disease in the
subject. A proliferative disease is a disease or condition in
which cells grow and divide resulting in an increased
number of cells beyond what is expected and where the
increased number of cells contributes to disease pathogen-
esis. Without limitation proliferative disease include, cancer,
atherosclerosis, rheumatoid arthritis, psoriasis, idiopathic
pulmonary fibrosis, scleroderma and cirrhosis of the liver. In
some embodiments, the biological sample comprises
plasma, serum, cerebral spinal fluid, urine, blood, salvia and
tissue.

[0044] Another aspect of the present disclosure provides a
method of selecting a MB, MBR or EV from a sample. In
some embodiments, the method comprises contacting a
sample with an anti-MKLP1 antibody, wherein the portion
of the sample that binds to MKLP1 contains the large EV,
midbody or MBR. In some embodiments selecting the large
EV, MB or MBR isolates the large EV, MB or MBR from the
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sample. In some embodiments, the portion of the sample that
does not bind to the anti-MKLP1 antibody contains a small
EV. In some embodiments, the method further comprises
collecting the small EVs. In some embodiments, the sample
is selected from the group consisting of cell culture media,
plasma, serum, cerebral spinal fluid, urine, blood, saliva and
tissue.

Additional Definitions

[0045] Unless otherwise specified or indicated by context,
the terms “a”, “an”, and “the” mean “one or more.” For
example, “a molecule” should be interpreted to mean “one
or more molecules.”

[0046] As used herein, “about”, “approximately,” “sub-
stantially,” and “significantly”” will be understood by persons
of ordinary skill in the art and will vary to some extent on
the context in which they are used. If there are uses of the
term which are not clear to persons of ordinary skill in the
art given the context in which it is used, “about” and
“approximately” will mean plus or minus =10% of the
particular term and “substantially” and “significantly” will
mean plus or minus >10% of the particular term.

[0047] As used herein, the terms “include” and “includ-
ing” have the same meaning as the terms “comprise” and
“comprising.” The terms “comprise” and “comprising”
should be interpreted as being “open” transitional terms that
permit the inclusion of additional components further to
those components recited in the claims. The terms “consist”
and “consisting of”” should be interpreted as being “closed”
transitional terms that do not permit the inclusion additional
components other than the components recited in the claims.
The term “consisting essentially of”” should be interpreted to
be partially closed and allowing the inclusion only of
additional components that do not fundamentally alter the
nature of the claimed subject matter.

[0048] All methods described herein can be performed in
any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any
and all examples, or exemplary language (e.g., “such as™)
provided herein, is intended merely to better illuminate the
invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.
[0049] Allreferences, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

[0050] Preferred aspects of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Variations of those preferred
aspects may become apparent to those of ordinary skill in the
art upon reading the foregoing description. The inventors
expect a person having ordinary skill in the art to employ
such variations as appropriate, and the inventors intend for
the invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

2 <
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EXAMPLES

[0051] The following Examples are illustrative and should
not be interpreted to limit the scope of the claimed subject
matter.

Example 1—A Protocol for the Isolation and
Imaging of Class IIT Extracellular Vesicles or
Midbody Remnants From Human Cell Culture
Medium Using 1.5% PEG6000 and MKLP1 as a
Marker

[0052] Reference is made to the manuscript: Park et al.,
“A protocol for isolating and imaging large extracellular
vesicles or midbody remnants from mammalian cell cul-
ture,” the content of which is incorporated herein by refer-
ence in its entirety.

[0053] Traditionally, midbody remnants (MBRs) are iso-
lated from cell culture medium using ultracentrifugation,
which is expensive and time consuming. Here, we pre-sent
a protocol for isolating MBRs or large extracellular vesicles
(EVs) from mammalian cell culture using either 1.5% poly-
ethylene glycol 6000 (PEG6000) or PEG5000-coated gold
nanoparticles. We describe steps for growing cells, collect-
ing media, and precipitating MBRs and EVs from cell
culture medium. We then detail characterization of MBRs
through immunofluorescent antibody staining and immuno-
fluorescent imaging.

Before You Begin

[0054] The protocol below describes the specific steps for
isolating midbody remnants (MBRs), or large extracellular
vesicles (EVs), from the culture medium of human cells
using polyethylene glycol 6000 (PEG6000), or PEG5000
coated gold nanoparticles, precipitation. This protocol is
optimized for HeLLa-CCL-2 cells, HeL.a Kyoto-mitotic kine-
sin-like protein 1 (MKLP1)-GFP cells' and Dulbecco’s
Modified Eagle Medium (DMEM)/F12 culture medium. It
has also been successfully used with DMEM culture
medium. Other cell lines and culture media may be suitable
alternatives; however, additional protocol modifications
may be necessary. All cell procedures are performed in a
Class 1I biosafety cabinet using sterile technique. The HelLa
cells are thawed at least 7 days before MBR isolation and
cultured in a 37° C. humidified incubator with 5% CO,, with
regular passaging. The cells are regularly screened for
mycoplasma.

[0055] Before beginning the isolation, prepare medium,
solutions, and poly-L-lysine coated coverslips.
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Preparation of Poly-L-Lysine Coating of Cover
Glasses (Coverslips)

Timing: 1 Day

[0056] MBRs, or large EVs, are small particles that do not
adhere well to glass. Thorough cleaning of the glass cover-
slips with sterile water and sonication removes any surface
contamination. Treating the coverslip with poly-L-lysine
promotes adhesion of MBRs by electrostatic interactions
between the cell membrane and the poly-L-lysine. Attach-
ment to the coverslip is essential for the later stages of the
protocol which involve immunostaining of MBRs (see prob-
lem 1).
[0057] 1. Wash 18-mm circular coverslips in sterile
distilled water.
[0058] 2. Sonicate the coverslip in 1 M KOH solution
for 30 min.

[0059] 3. Wash five times with sterile distilled water.

[0060] 4. Wash once with 100% ethanol and dry.

[0061] 5. Place each coverslip into a well of a 12-well
plate.

[0062] 6. Cover the surface of each coverslip with 50

mL poly-L-lysine and incubate at either 2° C.-8° C. for
12-18 h or 37° C. for 1 h.
[0063] 7. Wash the coverslips three times with sterile
distilled water.
[0064] 8. Store the coated coverslips at-200 C for up to
6 months.
[0065] Note: Perform steps 3-8 in a Biosafety cabinet
using sterile technique and forceps to handle the coverslips.
Wash the coverslips by dipping into the relevant solution.

Preparation of Reynolds Lead Citrate Solution for
Electron Microscopy
Timing: 1 h
[0066] Reynolds lead citrate is used as an enhancer for
heavy metal staining in electron microscopy. One of the
techniques used to identify isolated MBRs is imaging with
a transition electron microscope.

[0067] 9. Add 1.33 g of lead nitrate (80 mM) and 1.76
g of sodium citrate dihydrate (120 mM) to 30 mL of
sterile distilled water.

[0068] 10. Shake vigorously and incubate for 30 min at
20° C.-25° C. with intermittent mixing.

[0069] 11.Add8 mL of 1 N sodium hydroxide and bring
up to a final volume of 50 mL with sterile distilled
water.

[0070] 12. Store the solution in a glass bottle at 20°
C.-25° C. for up to 6 months.

TABLE 2

Key Resources Table

REAGENT or RESOURCE

SOURCE IDENTIFIER

Antibodies

Rabbit Anti-MKLP1
Mouse Anti-CD9

Mouse Anti-a-tubulin Alexa Fluor 555
Alexa Fluor 488 Goat anti-Rabbit IgG

Alexa Fluor 647 Goat anti-Mouse IgG

Novus Biologicals
Santa Cruz
Biotechnology
Millipore Sigma
Jackson
ImmunoResearch
Jackson
ImmunoResearch

Cat#NBP2-56923
Cat#SC-13118

Cat#05-829X-555
Cat#111-545-008

Cat#115-605-003
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TABLE 2-continued
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Key Resources Table

REAGENT or RESOURCE

SOURCE

IDENTIFIER

Chemicals, peptides, and recombinant proteins

DMEM/F12 Medium

DMEM Medium

Fetal Bovine Serum (FBS)

Penicillin/Streptomycin

Geneticin

Phosphate Buffered Saline (PBS) No calcium no
magnesium

0.25% Trypsin-EDTA (1X)

Poly(ethylene glycol), Bio Ultra, 6,000 (PEG6000)
Poly-L-lysine solution, mol. Wt. 150,000-300,000,
0.01%, sterile-filtered, BioReagent, suitable for cell
culture

KOH

Ethanol

PIPES disodium salt

HEPES

EGTA

MgSO,

Paraformaldehyde (PFA) 37%

Triton-X-100

Bovine Serum Albumin (BSA)

Tween ®20

Fluoro-Gel mounting medium with TES buffer

Gibco

Gibco

Fisher Scientific
Life Technologies
Gibco

Gibco

Gibco
Millipore Sigma
Millipore Sigma

Millipore Sigma
Fisher Scientific
Millipore Sigma
Promega

Millipore Sigma
Millipore Sigma
Electron Microscopy
Services

Millipore Sigma
Millipore Sigma
Millipore Sigma
Electron Microscopy
Sciences

Cat#11330-057
Cat#11965092
Cat#26140079
Cat#15140-122
Cat#10131-035
Cat#14190250

Cat#25200-056
Cat#81253
Cat#P4832

Cat#221473
Cat#BP2818500
Cat#P3768
Cat#H5302
Cat#E4378
Cat#M5921
Cat#15714-5

Cat#T9284
Cat#A2153
Cat#P2287
Cat#17985-30

Vectashield Vibrance Antifade Mounting Media with ~ Vector Laboratories Cat#H-1800
DAPI
Glutaraldehyde 10% EM Grade Electron Microscopy  Cat#16120
Sciences
Paraformaldehyde 16% solution Electron Microscopy — Cat#15710
Sciences
Sodium phosphate dibasic Electron Microscopy = Cat#21182
Sciences
Sodium phosphate monobasic Ted Pella INc Cat#19542
Osmium tetroxide Electron Microscopy — Cat#19100
Sciences
Potassium ferrocyanide Millipore Sigma Cat#P9387
Ethanol Decon laboratories Cat#2701
INc
Acetone 99.8%, Extra dry Acroseal Acros Organics Cat#326800010
EMbed 812/DER 736 kit Electron Microscopy — Cat#14130
Sciences
EMbed 812 resin Electron Microscopy — Cat#14900
Sciences
Uranyl acetate Electron Microscopy — Cat#22400
Sciences
Reynolds lead citrate - Lead Nitrate Acros Organics Cat#423855000
Reynolds lead citrate - Sodium Citrate Dihydrate Chem-Impex Cat#01265
Reynolds lead citrate - Sodium Hydroxide 1N Acros Organics Cat#12460010
Experimental models: Cell lines
HeLa ATCC Cat#CCL-2
HeLa MKLP1-GFP (Douglas et al 2010) Gift from Mishima lab N/A
Other
T75 flask Fisher Scientific Cat#FB012937
T175 flask Fisher Scientific Cat#12-556-011
50 mL tubes Falcon Cat#352098
Steriflip Tube top filter unit Sigma Millipore Cat#SE1IM179M6

Circular Cover Glass, #1.5, Diameter = 18 mm,
Thickness = 0.16-0.19 mm

Glass slide

12 well tissue culture plate

1.5 ml tube

Swinging Bucket

Revolve Microscope

Confocal Microscope

Structured Illumination (SIM) Microscope
Ultramicrotome

Formvar coated 2 x 1 mm slot Cu grids

Electron Microscopy
Sciences

Fisher Scientific
Fablab

Fisher

Eppendorf

Echo

Nikon

Nikon

Reichert-Jung
Electron Microscopy
Sciences

Cat#101413-518

Cat#12-550-413
Cat#FL7111
Cat#05-408-129
Cat#022638866
RVL2-X
A1R-Si+
ECLIPSE-Ti-E
Ultracut E
Cat#FF2010-Cu
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Key Resources Table

REAGENT or RESOURCE SOURCE IDENTIFIER
Transmission Electron Microscope (TEM) Philips CM120
TEM Digital Camera AMT Biosprint 12

Materials and Equipment

Immersion-fix sodium phosphate solution

[0071] Medium and solutions are filter-sterilized through a ) .
. Reagent Final concentration Volume/Mass
membrane of 0.2 mm or smaller pore size.
Sodium phosphate buffer (PB) 0.1M 6.25 mL
PFA (16%) 2% (V/v) 1.25 mL
Glutaraldehyde (10%) 2.5% (v/v) 2.5 mL
HeLa-CCL-2 and HeLa-MKLP1-GFP culture medium
Store at 2-8° C. for up to 1 year.
Final
Reagent concentration ~ Volume/Mass
Post-fix sodium phosphate solution
DMEM/F12 medium N/A 445 mL Reagent Final concentration ~ Volume/Mass
FBS 10% 30 mL Sodium phosphate buffer (PB) 0.1M Up to 100 mL
Penicillin/Streptomycin 1% 5 mL Osmium tetroxide 1% lg
Geneticin - for MKLP1-GFP culture 750 mg/mL 15 mL/mL Potassium ferrocyanide 1% g
Store at 2-8° C. for up to 1 year.
s 2-8° C. 4 weeks. . .
tore at orup to s weeks [0072] For TEM microscopy, an ultramicrotome (Re-
ichert-Jung, Ultracut E), and Formvar coated 2 3 1 mm
slot Cu grids (Electron Microscopy Sciences, Cat. no.
PHEM buffer FF2010-Cu) are reqplred.
[0073] PHEM blocking buffer: add 1.5 g BSA (3% w/v)
Reagent Final concentration Volume/Mass to the PHEM buffer in a final volume of 50 mL. Store
at 2-80° C. for up to 1 year.
Sterile distilled water N/A up to 500 mL [0074] 30% PEG (w/v): add 15 g PEG6000 to sterile
PIPES 60 mM 9.07 g phosphate-buffered saline (PBS) to a final volume of 50
HEPES 25 mM 325 g mL.
EGTA 10 mM 19 g [0075] Store at 2-8° C. for up to 6 months.
MgSO4 4 mM 495 mg [0076] PBS-T: add 1 mL of Tween 20 (0.2% [v/v]) to
2M KOH (adjust pH 7.0) N/A N/A 499 mL of PBS.
[0077] Store at 16-25° C. for up to 1 year.
Store at 2-8° C. for up to 1 year.
Step-by-Step Method Details
HeLa-CCL-2 and HeLLa-MKLP1-GFP Cell Passaging and
PHEM-paraformaldehyde (PFA) Maintenance
Reagent Final concentration Volume/Mass Timing' Up to7 Days
PHEM buffer N/A 44.85 mL [0078] This protocol is optimized for isolating large EVs
PEA (37%) 3.7% (viv) > mL or MBRs from cell culture medium. The cells should be in
Triton-X-100 0.3% (v/v) 150 mL :

Store at —20° C. for up to 4 weeks.

Sodium phosphate

(PB)
Reagent Final concentration Volume/Mass
Sodium Phosphate monobasic 0.019M 227.96 mg
Sodium Phosphate dibasic 0.081M 217 g
Sterile distilled water N/A Up to 100 mL

Store at 2-8° C. for up to 1 year.

the active growth phase before plating into T175 flasks for
medium collection and MBR isolation (steps 8-10 followed
by either steps 11-13 or steps 14-16). HeLa-CCL-2 and
HeLa-MKILP1-GFP cells are cultured similarly but may
proliferate at differing rates.
[0079] 1. Passage the cells when they are approximately
70% confluent (3-4 3 10° cells).
[0080] 2. Remove medium, add 0.25% Trypsin-EDTA,
and incubate at 37° C. for 5-10 min until cells detach.
[0081] 3. Pipette the cells up and down to obtain a
single-cell suspension.
[0082] a. Mix resuspended cells with an equal vol-
ume of DMEM/F12 medium.
[0083] b. Centrifuge at 300 3 g for 5 min.
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[0084] c. Remove supernatant and resuspend in
DMEM/F12 medium.
[0085] 4. Split cells 1:5 (6-8x10° cells) into a T75 flask
in DMEM/F12 medium.
[0086] Note: We suggest cells are split when they reach
60%-70% confluency to ensure they remain in the active
growth phase with high levels of mitosis. Geneticin should
be added to the MKLP1-GFP medium for one passage every
few weeks to maintain selection. MKLP1-GFP HeLa cells
have a geneticin resistant cassette linked to MKLP1-GFP.
The addition of geneticin antibiotic will eliminate cells
without the MKLP1-GFP gene and maintain a culture of
MKLP1-GFP positive cells.

HeLa-CCL-2 and HeLa-MKLP1-GFP Cell Culture on
Coverslips

Timing: 1-3 Days

[0087] To visualize cells and MBRs together, Hel.a-
CCL-2 and HeLa-MKLP1-GFP cells can be cultured on
coverslips and characterized by immunofluorescence or an
assay of choice. MKLP1-GFP cells should be in a non-
selection medium (i.e., without geneticin).
[0088] 5. Plate cells on poly-L-lysine coated coverslips
in a 12-well plate in 1 mL. DMEM/F12 medium (3-4x
10* cells per well).
[0089] 6. Incubate the cells until they reach 60%-70%
confluency.
[0090] 7. Characterize the cells using immunofluores-
cence (steps 41-49) or an assay of choice.
[0091] Note: We suggest cells are fixed when they reach a
confluency of 60%-70% to ensure the cells remain in the
active growth phase with high levels of mitosis, enabling the
detection of MBRs.

Collection of HeLa-CCL-2
Medium

and HeLa-MKLP1-GFP

Timing: 3-6 Days

[0092] Cells should be 60%-90% confluent before har-
vesting medium for MBR isolation. HelLa-CCL-2 and Hel a-
MKLP1-GFP cells are cultured similarly but may proliferate
at differing rates. MKLP1-GFP cells should be in a non-
selection medium (i.e., without geneticin) for collection.

[0093] 8. Plate HeLa cells (6-8 3 10° cells per flask) in
T175 flasks in 20 mL. DMEM/F12 medium.

[0094] 9. Once cells are approximately 75% confluent
(6-8 3 10° cells), vigorously shake the flask from side
to side 10 times to detach as many midbodies from the
cells as possible.

[0095] a. Harvest the medium into a 50 ml conical
tube.
[0096] b. Centrifuge the medium at 1000 3 g for 10

min to remove dead cell debris.

[0097] 10. Carefully remove the supernatant (cleared
conditioned medium) and transfer to a new 50 mL
conical tube.

[0098] Note: If the medium turns yellow, indicating a
buildup of waste products from the cells, replace it with
fresh medium and incubate for at least 24 h before harvest-
ing. If cells are cultured in 150 mm dishes rather than T175
flasks (step 8), shaking the dish cannot be per-formed easily
without medium loss. Therefore, vigorous pipetting of the
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medium over the sur-face of the dish multiple times should
be performed to dislodge the MBRs.

[0099] CRITICAL: Cells should be cultured in T175
flasks for at least 2 days and no longer than 5 days before
collecting medium. This ensures that the cells have had
enough time to un-dergo at least 2 cycles of mitosis to
produce MBRs, while also ensuring that the cells are not
either overconfluent, which could introduce dead cell debris
to the medium, or senescent and not proliferating, therefore
producing no MBRs (see problem 1).

Option 1: 1.5% PEG6000

Timing: 1 Day

[0100] Cleared conditioned medium from step 10 can be
used to isolate MBRs/large EVs with 1.5% PEG6000 which
precipitates the MBRs/large EVs from the medium, allow-
ing them to be centrifuged and concentrated in a smaller
volume.

[0101] 11. To the cleared conditioned medium from step
10 add 30% PEG6000 solution to yield a final
PEG6000 concentration of 1.5% (v/v), and incubate for
12-18 h at 2-8° C.

[0102] 12. Centrifuge at 1000 3 g for 10 min at 4° C. to
pellet the PEG/MBR.

[0103] 13. Resuspend the PEG/MBR pellet in 1 mL
sterile PBS.

[0104] Note: There is a chance that small extracellular
vesicles in cell culture medium from FBS might also pre-
cipitate, but the proposed isolation protocol uses very low
concentrations of PEG6000. PEG6000 was tested on fresh
medium containing FBS, no isolated EVs were observed.
[0105] Pause Point: The PEG/MBR PBS solution can be
used immediately for further analysis, stored at 4° C. for up
to 3 weeks or at —80° C. for up to 2 months.

Option 2: 30 nm Gold Nanoparticle

Timing: 1 Day

[0106] Cleared conditioned medium from step 10 can be
used to isolate MBRs/large EVs using 30 nm gold nanopar-
ticles which precipitates the MBRs/large EVs from the
medium, allowing them to be centrifuged and concentrated
in a smaller volume.

[0107] 14. To the cleared conditioned medium from step
10 add PEGS5000 coated 30 nm gold particles solution
to yield a final concentration of 0.02% (v/v), and
incubate for 12-18 h at 2-8° C.

[0108] 15. Centrifuge at 1000 3 g for 10 min at 4° C. to
pellet the gold/MBR.

[0109] 16. Resuspend the gold/MBR pellet in 1 mL
sterile PBS.

[0110] Note: There is a chance that small extracellular
vesicles in cell culture medium from FBS might also pre-
cipitate, but the proposed isolation protocol uses very low
concentrations of gold nanoparticles to ensure that small
exosomes and other impurities are not precipitated. When
the gold nanoparticles were tested on fresh medium con-
taining FBS, no isolated EVs were observed.

[0111] Pause Point: The gold/MBR PBS solution from
step 16 can be used immediately for further analysis, stored
at 4° C. for up to 3 weeks or at -80° C. for up to 2 months.
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MBR Fixation for Transmission Electron Microscopic
(TEM) Imaging

Timing: 2-3

[0112] MBR size and structure can be studied using elec-
tron microscopy.

[0113] 17. Centrifuge the PEG/MBR PBS solution from
step 13 or gold/MBR PBS solution from step 16 at 1000
3 g for 10 min at 4° C. to pellet the MBRs.

[0114] a. All subsequent steps for TEM are per-
formed on the PEG/MBR or gold/MBR pellet.

[0115] b. If the pellet can no longer be visualized,
centrifuge at 1000 3 g for 10 min.

[0116] 18. Immersion-fix the MBR pellet in immersion
fix sodium phosphate solution for 2 h at 20-25° C.
[0117] 19. Rinse the MBR pellet five times for 5 min in

PB.

[0118] 20. Post-fix the MBR pellet in post fix sodium
phosphate solution for 1 h at 20-25° C.

[0119] 21. Rinse five times for 5 min in PB.

[0120] 22. Dehydrate the MBR pellet in a graded etha-
nol series (35%, 50%, 70%, 80% and 90%) diluted in
dH,O for 5 min each at 20-25° C.

[0121] 23. Dehydrate the MBR pellet in 95% ethanol
diluted in dH,O for 10 min at 20-25° C.

[0122] 24. Dehydrate the MBR pellet in 100% ethanol
twice for 10 min at 20-25° C.

[0123] 25. Dehydrate the MBR pellet in dry acetone
(AQC) twice for 7 min at 20-25° C.

[0124] 26. Incubate the dehydrated MBR pellet with
10% EMbed 812 in AC for 60 min at 20-25° C.

[0125] 27. Incubate the dehydrated MBR pellet with
25% EMbed 812 in AC for 60 min at 20-25° C.

[0126] 28. Incubate the dehydrated MBR pellet with
50% EMbed 812 in AC for 12-18 h at 20-25° C.

[0127] 29. Incubate the dehydrated MBR pellet with
75% EMbed 812 in AC for 60 min at 20-25° C.

[0128] 30. Incubate the dehydrated MBR pellet with
100% EMbed 812 for 45 min at 60° C.

[0129] 31. Incubate the MBR pellet in fresh EMbed 812
for 48 h at 60° C. for embedding and polymerization.

[0130] 32. Section the MBR pellet on an ultramicro-
tome into 100-nm sections.

[0131] 33. Collect the sections on 2 3 1 mm slot copper
grids.

[0132] 34. Post-stain with 8% uranyl acetate in 50%
ethanol for 15 min at 60° C.

[0133] 35. Post-stain with Reynolds lead citrate for 10
min at 60° C.

[0134] 36. Image sections at 80 kV, 40,0003 magnifi-
cation with a transmission electron microscope.

TABLE 1

Antibodies for immunofluorescence

Antibody Dilution Supplier

Primary antibody

Anti-MKLP1 1:2000 Novus Biologicals
Anti-CD9 1:500 Santa Cruz Biotechnology
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TABLE 1-continued

Antibodies for immunofluorescence

Antibody Dilution Supplier

Secondary antibody

Alexa Fluor 488 goat anti-mouse 1:500 Jackson ImmunoResearch
Alexa Fluor 647 goat anti-rabbit 1:500 Jackson ImmunoResearch
Alexa Fluor 555 anti-a-tubulin 1:500 Millipore Sigma

MBR Attachment to Poly-L-Lysine Coated Coverslip

Timing: 30 Min

[0135] MBRs from step 13 or 16 can be attached to
poly-L-lysine-coated coverslips using the enhanced electro-
static interaction between the cell membrane and the poly-
L-lysine for characterization by immunofluorescence or an
assay of choice. Without the poly-L-lysine coating the
MBRs do not attach well to glass and can be lost from the
coverslip (see problem 1).
[0136] 37. Using forceps place one poly-L-lysine
coated coverslip into each well of a 12-well plate.
[0137] 38. Add 500-1000 mL of PEG/medium solution
to each coverslip.
[0138] 39. Centrifuge the plate at 1000 3 g for 10 min
in a tabletop centrifuge using a swinging bucket.
[0139] 40. Carefully aspirate the supernatant without
disturbing the coverslip.
[0140] Note: The coverslips can be used for analysis
pre-fixation and immunofluorescent staining after fixation.

Characterizing MBRs: Immunofluorescent Antibody
Staining

Timing: ~2 Days

[0141] Midbody remnants (MBRs) are released when a
cell undergoes mitosis. MBRs or large extracellular vesicles
(EV) can be distinguished from other EVs by the presence
of MKLP1, a midbody marker protein (Patel et al., submit-
ted). MBRs, either isolated or attached to cells, can be
characterized by immunofluorescent staining. Here, the
MBRs were stained for MKLP1,"* a widely used marker for
midbodies, and CD9, a tetraspanin protein found on the
surface of all classes of extracellular vesicles.’”
[0142] 41. Fix the MBR coverslips from step 40 or cell
and MBR coverslips from step 7 with PHEM-PFA for
15 min at 20-25° C.
[0143] 42. Wash the fixed coverslips three times for 5
min with PBS.
[0144] 43. Block the coverslips with PHEM blocking
buffer for 45-60 min at 37° C. or 2 h at 20-25° C.
[0145] 44. Incubate coverslips with primary antibody
(Table 1) diluted in PHEM blocking buffer for 12-18 h
at 4° C.
[0146] 45. Wash coverslips three times for 5 min with
PBS-T.
[0147] 46. Incubate the coverslips with secondary anti-
body (Table 1) diluted in PHEM blocking buffer for 30
min at 37° C., 1 h at 20-25° C., or 12-18 h at 4° C.
[0148] a. If required, fluorophore-conjugated antibodies
can be added along with the secondary antibodies.
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[0149] 47. Wash the coverslips four times for 5 min with
PBS-T.

[0150] 48. Mount the coverslips onto slides with a drop
of Fluoro-Gel mounting medium for the isolated MBRs
or Vectashield mounting medium for cells with MBRs.

[0151] 49. Image the MBRs with a 203 objective, or
higher, as required.

[0152] Note: We used a Nikon Structured illuminated
microscope (N-SIM) with 1003 objective and an Echo
Revolve microscope with a 203 objective to obtain images
of MBRs.

Characterizing MBRs: Immunofluorescent Imaging

Timing: ~2 Days

[0153] MBRs obtained from step 13 or 16 from HeLa-
MKLP1-GFP cells can be directly characterized by immu-
nofluorescence imaging because the MBRs are GFP-posi-
tive.
[0154] 50. Fix the MBR-containing coverslips with
PHEM-PFA for 15 min at 20-25° C.
[0155] 51. Wash the fixed coverslips three times for 5
min with PBS.
[0156] 52. Mount the coverslips onto slides with a drop
of Fluoro-Gel mounting medium.
[0157] 53. Image the MBRs with a 203 objective, or
higher, as required.
[0158] Note: If required, the MKLP1-GFP MBRs can also
be stained with CD9, following steps 44-47. If there are a
large number of small vesicles that are CD9 positive (exo-
some marker) and MKLP1-GFP negative please refer to
problem 2. We used a Nikon Structured illuminated micro-
scope (N-SIM) with a 1003 objective and an Echo Revolve
microscope with a 203 objective to obtain images of MBRs.
Please refer to problem 1 if there are low numbers of
MKLP1 positive vesicles visible.

Expected Outcomes

[0159] The protocol presented here is adapted and opti-
mized from previously published protocols for isolating
extracellular vesicles (EVs) including exosomes.®!!
PEG6000 has been used to precipitate exosomes and large
EVs. Modifying the PEG concentration can effectively iso-
late large extracellular vesicles or MBRs with a uniform
membrane structure (FIG. 1). PEG coated gold and iron
(ILIIT) oxide nanoparticles have been used to isolate exo-
somes and extracellular vesicles.®® Modifying the con-
centration of the gold nanoparticles can effectively isolate
large extracellular vesicles or MBRs from cell culture media
(FIG. 3).

[0160] High PEG6000 concentrations (8%, currently used
in the field) distort large EVs and MBRs, giving them a
swollen, deformed appearance (FIGS. 1B and 1C). With
1.5% PEG6000, the large EVs/MBRs are smaller and cir-
cular and have a brighter MKLP1-GFP intensity (FIG. 1C),
which mimics those observed in midbodies (MB) and MBRs
in cells (FIG. 2B). Higher PEG concentrations inter-fere
with cell membrane fluidity by modifying lipids on the
surface membrane.™"*> Hence, higher PEG concentrations
can compromise the structure and activity of the MBR
surface membrane, making it appear dull and misshapen
(FIG. 1C). PEG6000 is a hydrophilic polymer which dis-
solves in water based solution, this reduces the solubility of

12
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larger particles in solution, such as large EVs/MBRs.®
Therefore, these particles precipitate and can be pelleted
when centrifuged at low speeds (1000 3 g for 10 min). A
PEG6000 concentration of 1.5% is too low to precipitate
small EVs or exosomes, which remain in solution when
centrifuged at low speeds. Thus, the PEG concentration
correlates negatively with the size of particles precipitated
and higher PEG concentrations foster smaller off-target
extracellular vesicles.®

[0161] There are two proposed mechanisms by which
PEG-coated gold nanoparticles may function in isolating
MBRs. Firstly, PEG-coated gold nanoparticles may weigh
down exosomes in solution, making them easier to pellet at
low-speed centrifugation.” Secondly, the branched chains of
PEG on PEG-coated Fe;O, nanoparticles can increase their
surface-to-volume ratio and trap small proteins and impu-
rities, enabling pure exosomes to be pelleted during cen-
trifugation.®

[0162] To show that the isolated particles are large EVs or
MBRs, the isolated particles can be labeled with CD9 and
MKLP1 (FIG. 2A). This staining shows an overlap between
CD9 and MKLP1; however, the CD9 channel has a cloudy
background that is missing from the MKLP1 channel. TEM
confirms that the particles isolated by the current protocol
are MBRs with a dark core formed by an electron-dense
region that the electrons from the TEM cannot pass through
(FIG. 2C). The images are similar to previously published
reports,>!31%18 which showed the midbody and MBR as a
tubulin-rich, electron-dense dark region.

[0163] We tested different concentrations of PEG-coated
gold nanoparticles in clear conditioned media and compared
their results (FIG. 3A). A concentration of 0.02% v/v of
PEG-coated gold nanoparticles is sufficient to yield a high
concentration of MBRs. We identified isolated MBRs using
MKLP1, a highly specific MBR marker, through Hela
CCL-2 MBR staining and the use of the MKLP1-GFP HelLa
cell line (FIGS. 3B and 3C).

[0164] Skop Lab 1.5% PEG6000 and Skop lab 30 nm gold
nanoparticles are both effective protocols of producing a
highly concentrated solution of large EVs/MBRs from cell
culture medium. They both isolate particles that maintain
biological properties, such as translation. The advantage of
Skop Lab 1.5% PEG6000 is that it is very cost effective and
isolates a larger number of MBRs than the Skop Lab 30 nm
gold nanoparticle protocol. However, the Skop Lab 30 nm
gold nanoparticle protocol uses 0.02% (v/v) of reagent
versus PEG6000 which uses 1.5% (v/v) of reagent. This
reduces the amount of contaminating particles within the
final large EV/MBR solution (Patel et al.).

[0165] The purpose of this study was to improve MBR or
large EV isolation protocols by using MKLP1 to identify
large EVs/MBRs (1-2 mm) from smaller EVs or exosomes
(30-500 nm) (FIG. 2). Moreover, we wanted to reduce the
cost and time required for MBR isolation compared to
protocols currently on the market that are used to isolate all
sizes of EVs. These assays require access to three types of
ultracentrifuges, making the isolation more expensive. The
1.5% PEG6000 and 30 nm gold nanoparticle protocols and
use of MKLP1 as a marker for large EVs are more cost-
effective and easier to identify large EVs, making these
protocols more accessible to all types of laboratories.
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Quantification and Statistical Analysis

[0166] MBR isolation by these protocols were repeated a
minimum of 25 times, and MBRs (5-20 3 10°) were suc-
cessfully isolated on each occasion from a T75 flask.

Limitations

[0167] Cell confluency may be variable throughout the
flask. Therefore, we use an average confluency in the
protocol. Differences in seeding cell number and growth
time may alter the confluency, which can affect the MBR
yield during isolation.

Troubleshooting

Problem 1

[0168] When viewed by microscopy, there is poor MBR
yield with few particles labeled with anti-MKLP1/GFP
(related to characterizing the MBRs and MBR attachment to
poly-L-lysine coated coverslip).

Potential Solution

[0169] The density of MBRs in the medium may have
been low prior to adding the PEG6000 or 30 nm gold
nanoparticle solution. To obtain higher numbers of
MBRs, ensure the cells are at least 75% confluent
before medium collection (Step 9) and shake the flask
vigorously to detach MBRs from the cells and flask
surface.

[0170] The poly-L-lysine coverslips may have been
stored incorrectly (i.e., too long), or the poly-L-lysine
solution used was expired. Make new coated coverslips
with fresh poly-L-lysine solution and repeat attachment
of MBRs to coverslips.

[0171] When fixing, washing, and staining the cover-
slips, carefully add and remove the solutions down the
side of the well rather than direct pipetting onto the
coverslips as shear force could potentially detach the
MBRs.

Problem 2

[0172] Many small CD9-positive exosomes are attached
to the coverslip alongside the MBRs (related to step 36).

Potential Solution

[0173] When attaching the MBRs onto the coverslips, the
plate may be spun at a lower speed of 500 3 g for 10 min,
ensuring only the larger MBRs attach to the coverslip and
any small exosomes remain suspended in solution.
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Example 2—The Biogenesis of Large Extracellular
Vesicles Occurs in Mitosis

Summary:

[0192] This study challenges the long-held belief that
large extracellular vesicles (EVs) arise from cells in inter-
phase. Through multiple common and commercial isolation
methods and immunofluorescent studies on Hel a cells, we
found that canonical EV markers localize to the spindle
midzone and midbody during mitosis, subsequently remain-
ing in the midbody remnant (MBR). All canonical EV
markers co-localized with MKLP1, a midbody and MBR
marker, suggesting that this class of large EVs is generated
during mitosis. Puromycin assays revealed that all com-
monly used EV isolation methods have been isolating trans-
lating MBRs. Chemical and genetic blocks for mitosis
significantly decreased the formation of all EV sizes, imply-
ing that mitotic cells generate large quantities of EVs. The
findings suggest that large EVs originate during mitosis, are
midbody remnants, and that MKLP1 and translation activity
are unique markers for this EV class.

Significance:

[0193] Extracellular vesicles (EVs) play a crucial role in
cell-cell communication, but the biogenesis of large
EVs has remained elusive. This study addresses the gap
in understanding the origin of these large EVs.

[0194] The key findings reveal that the biogenesis of
large EVs primarily occurs during mitosis, and these
vesicles are midbody remnants (MBRs) containing
translation machinery. Importantly, all commonly used
EV isolation methods isolated MBRs, indicating that
previous EV research may have contained mitotic EVs.

[0195] These findings are significant as they identified a
unique class of large, translating EVs (MBRs) with
potential implications for cancer diagnosis and drug
delivery. The findings suggest that MBRs could serve
as diagnostic markers for cancer and be engineered for
therapeutic cargo delivery during mitosis, influencing
future EV research and therapeutic development.

[0196] Extracellular vesicles (EVs) are particles that are
released from almost every type of cell, are bound by a lipid
bilayer, and function in cell-to-cell communication (Villa
2019, Yaiiez-Mo6 2015, Pol 2012, Xie 2022, Hanayama
2020, Janas 2016, Jeppesen 2023, Tetta 2013, Xu 2018,
Cheng 2023, Colombo 2014). Depending on the cell type
they originate from, EVs can contain RNA, DNA, lipids,
metabolites, and cell surface proteins (Dellar et al., 2022;
Qian et al., 2022). There is a strong bias towards RNA
molecules, including mRNA, microRNA, ribosomal RNA
(rRNA), and long non-coding RNA (IncRNA) (Zhao 2020,
Hinger 2018, Mathivanan 2010,Lischnig 2022). RNA is
transferred to recipient cells and can contribute to many
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functions, including repair of damaged cells, cancer pro-
gression, and neurodegeneration (Valadi et al., 2007; Chen
et al., 2016; Hinger et al., 2018; O’Brien et al., 2018; Li et
al., 2019; Makarova et al., 2021). Despite extensive research
in the field for over a decade, the biogenesis of large EVs
remains surprisingly unclear (Gurung 2021, Gurunathan
2021, Xie 2022, Latifkar 2019, Margolis 2019, Suwakulsiri
2023, Akers 2013, Beshbishy 2020).

[0197] EVs are currently classified into four distinct
groups based on size: 1) exosomes or small EVs (40-100
nm), 2) microvesicles (100-1000 nm), 3) large EVs (1,000-
2,000 nm), and 4) apoptotic bodies (1,000-10,000 nm)
(Brennan 2020, Lee 2019, Verweij 2021, Suwakulsiri 2023,
Rai 2021). The biogenesis of exosomes is well understood
(Kalluri and LeBleu, 2020), and apoptotic bodies are gen-
erated by dying cells (Teng 2021). However, the biogenesis
of microvesicles and large EVs are less understood. Current
understanding suggests they primarily arise from interphase
cells by shedding or budding (Gurunathan 2021, Beshbishy
2020, Niel 2018, Margolis 2019, Akers 2013), but methods
used to define mitotic EVs were biochemical, density gra-
dients and limited imaging, all of which failed to accurately
demonstrate the EVs were derived from mitosis (Karbanova
2024, Suwakulsiri 2023). Many in the EV field recognize
that vesicle sizes often overlap, there are no distinct markers
for each subtype, and research outcomes are strongly influ-
enced by the isolation methods used (Andreu 2014). These
factors lead to uncertainty, especially in the interpretation of
results. Despite seeking to standardize terminology, meth-
ods, and reporting across studies (Deun et al., 2017; Théry
et al., 2018), most researchers have assumed that all EVs
originate from interphase cells either by budding (for
microvesicles or microparticles) or exocytosis (for exo-
somes and large EVs) (Doyle 2019, Beshbishy 2020,
Gurunathan 2021, Xie 2022, Cheng 2023, Latifkar 2019,
Teng 2021, Gandham 2020, Margolis 2019, Akers 2013,
Suwakulsiri 2023). However, we surmised that cells are
unlikely to generate a 1-2 um large EVs during interphase
due in part to the biophysical and physiological aspects of
the biology of Hela cells, which are roughly 18 um, and stem
cells, which are ~11-12 pm. In addition, the only time a cell
normally generates a 1-2 pm vesicle is during mitosis at
abscission, which produces the midbody remnant (MBR)
(Crowell 2014, Crowell 2013, Peterman 2019, Rai 2021,
Addi 2020, Park 2023).

[0198] Uncertainty remains in the use of tetraspanins as
markers of EVs (Andreu and Yafiez-Mo, 2014a; Mizenko et
al., 2021). Tetraspanins are transmembrane proteins that are
involved in signaling, are found in all membranes, and are
not specific to exosomes, microvesicles/microparticles,
large EVs, or apoptotic bodies (Hemler, 2001; Termini and
Gillette, 2017). However, a recent proteomic study by
Lischnig et al., 2022, isolated EVs from cell culture and
classified them into two groups: large EVs (derived by
centrifuging at 16,500xg) and small EVs (derived by cen-
trifuging at 118,000xg) (Lischnig 2022). The density of both
EV groups was measured, and their protein contents were
analyzed by mass spectrometry. The study revealed that both
large and small EVs had the same density and were marked
by the tetraspanins CD9, CD81, CD63, and Flotillin-1. This
suggests that tetraspanins are not ideal for isolation purposes
despite being widely used in the field (Andreu 2014).
Lischnig et al., 2022 also discovered that large EV pro-
teomes specifically contained large amounts of KIF23, also
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known as MKLP1, and its effector RACGAP1, which were
absent from small EV proteomes (Lischnig 2022), suggest-
ing to us that large EV's are likely of mitotic origin. Equally
puzzling, is the presence of KIF23/MKLP1 on Westerns of
isolated large EVs with different densities (Suwakulsiri
2023), suggesting that the large microvesicles (also known
as microparticles) may be of mitotic origin. Lastly, human
colorectal cancer cells were shown to shed large numbers of
MKLP1/RACGAPI1 positive vesicles versus normal tissue
(Rai 2021). Given these three papers, we hypothesized that
large EVs, regardless of different densities or sizes, are
actually midbody remnants (MBRs). This is due in part
because MKLP1/KIF23 and RACGAP]I are canonical mark-
ers for the midbody (Kuriyama et al., 2002; Matuliene and
Kuriyama, 2002a; Zhu et al., 2005; Hu et al., 2012).

[0199] MBRs arise at the end of cytokinesis during a
process called abscission, which separates the newly formed
daughter cells (Echard 2004, Addi 2020, D’Avino 2016,
Bassi 2013, Park 2023, Crowell 2014, Skop 2004). MBRs
have been suggested to play post-mitotic roles in cell-cell
communication, cell fate, and signaling, which are proposed
roles for EVs (Chaigne 2020, Chaigne 2022, Addi 2020,
Peterman 2019, Peterman 2019). Historically, isolation of
MBRs was performed using ultracentrifugation from syn-
chronized or asynchronized cells (Addi 2020, Peterman
2019, Skop 2004). Identification of midbodies and MBRs is
easily accomplished using the centralspindlin complex
member MKLP1 as a marker (Zhu et al., 2005; Hu et al.,
2012; White and Glotzer, 2012). MKLP1 first localizes to
the spindle midzone during anaphase and then to the mid-
body and MBR. MKLP1 is widely conserved, making it an
excellent marker for a variety of cell types (Mishima 2004,
Kuriyama 2002, Matuliene 2002, Zhu 2005). More recently,
MBRs have been identified as a new class of EVs (Rai
2021); however, we propose that the majority of the large
EVs are MBRs.

[0200] To determine if the biogenesis of large EVs occurs
in mitosis, we have taken a multi-pronged approach, includ-
ing imaging analysis, common and commercial EV isolation
comparisons, cell cycle and cytokinesis blocks and transla-
tion activity measurements. We used image analysis to
determine where canonical EV markers localize during
mitosis with relation to MKLP1 in HelLa cells (FIG. 5 and
FIG. 12), and where they localize on MBRs (FIG. 6). Next,
we determined if common EV isolation methods, and the
new methods we developed, isolate MBRs as well as other
sizes of EVs (FIGS. 7 and 8). We blocked mitosis genetically
with siRNA or chemically through drug treatment (RO-
3306) and, as a result, we discovered a significant decrease
in all sizes of EVs (FIG. 9). We then determined that in all
isolated large EVs, only MBRs maintained translation activ-
ity (FIG. 10). Finally, we addressed the major ways EVs are
generated from cells given our results and proposed a new
model for the biogenesis of EVs (FIG. 11). The implications
of this work are promising, because EVs serve as excellent
vehicles for therapeutics and as factors for cancer and
neurodegenerative disease diagnostics. We also suggest that
the knowledge uncovered in this study provides the field a
starting point to harness the power of the MBR, which is
assembled during mitosis from the spindle midzone and
midbody and is comprised of MKLP1, microtubules, RNA,
and protein (Peterman 2019, Addi 2020, Park 2023, Farmer
2023, Skop 2004).
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Results

EV Markers Assemble on Mitotic Structures and the
Midbody During Mitosis.

[0201] To investigate the biogenesis of large EVs, we
labeled HeLa (CCL2) cells with the canonical EV markers,
CD?9, CD81, flotillin-1, and dsRNA (Carnino 2019, Kowal
2017, Andreu 2014, Doyle 2019, Zaborowski 2015,
Lischnig 2022, Cai 2021, Cai 2018, Rada 2022, Yoon 2020,
O’Brien 2020, Yoshioka 2013), and visualized their local-
ization patterns through the cell cycle using MKLP1 as a
marker of the spindle midzone, midbody, and MBR (FIG. 5)
(Mishima et al., 2004; Zhu et al., 2005; Hu et al., 2012).

[0202] CD9,CDS81, flotillin-1, and dsRNA formed distinct
puncta in the cell during interphase and throughout the cell
cycle (FIG. 5A-D), but the puncta coalesced and concen-
trated at distinct sites during mitosis. CD9, CD81 and
flotillin-1 demonstrated a similar mitotic pattern and are
described collectively below (FIG. 5A-C). Briefly, EV mark-
ers formed a cloud of puncta around the metaphase plate
with additional puncta dispersed throughout the cells during
metaphase. At anaphase, EV markers decorated the spindle
midzone and began to colocalize with MKLP1, a marker for
spindle midzone microtubules. EV markers and MKLP1
formed a ring-like structure during early telophase, which is
when the midbody structure begins to form as the cell
membrane starts to pinch on both ends. In late telophase, EV
markers and MKLP1 concentrated in the midbody structure.
EV markers and MKLP1 remained evident in the MBR post
abscission, which is after the MBR is jettisoned into the
media or extracellular space. The distribution of dsRNA did
not co-localize with MKLP1 throughout all the stages of
mitosis but, as dsRNA is present throughout the cell and not
just on the membrane like the other three markers this was
to be expected. Here, dsSRNA puncta were found just adja-
cent to the metaphase plate, at the spindle midzone, midbody
and MBR (FIG. 5D).

[0203] Next, we evaluated other EV and midbody marker
patterns during midbody and MBR stages. EV marker
proteins CD63, CD81 (Campos-Silva 2019, Kowal 2017,
Andreu 2014), HSP90, ALIX, TSG101 (Cordonnier 2017,
Jeppesen 2023, Gurung 2021), ARF6 (Ghossoub et al.,
2014), PLK1 (Ikawa et al., 2014), and CIT-K (Loomis et al.,
2006; Bassi et al., 2013; Hessvik and Llorente, 2018) were
used to label HelLa (CCL2) cells and imaged in late telo-
phase and MBR stages (FIG. 12A-H). All of these markers
were localized in the midbody region with MKLP1 in late
telophase and MBR stages.

[0204] To determine the localization pattern of tetraspan-
ins with MKLP1 in isolated HeLLa MBRs, we used the Skop
laboratory 1.5% PEG6000 isolation method and performed
immunofluorescent staining using structured illumination
microscopy (SIM). In the representative maximum 7. pro-
jection images, CD9, CD63 and CD81, localized with the
MBR marker MKLP1 either everywhere (CD9; 2A) or
surrounding the MKLP1 (CD63 & CD81; FIG. 6B-C). The
MBR line scan graph indicated that CD9 was dispersed
throughout the whole MBR (FIG. 6D) whereas CD63 and
CD81 were more abundant on the surface (FIGS. 6E and
6F). These results suggest that the canonical EV markers all
co-localized with MKLP1, the midbody marker. This data
suggests that the MBR is a large EV and that large EVs
likely have their biogenesis in mitosis.
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Newly Developed EV Isolation Methods are Ideal for
Isolating Large EVs or MBRs.

[0205] There are several common and commercial isola-
tion methods used to isolate EVs, including ultracentrifuga-
tion followed by sucrose gradient (Suwakulsiri 2023, Ji
2020, Zhang 2023, Rai 2021), total exosome isolation
reagent (TEIR) (Helwa et al., 2017; Martins et al., 2018;
Skottvoll et al., 2018; Patel et al., 2019; Dash et al., 2021),
immune capture by nanoparticles (Dynabeads) (Clayton et
al., 2001; Oksvold et al., 2014; Fang et al., 2018; Lim et al.,
2019), and 8% PEG6000 (Polyethylene Glycol) treatment
(Rider et al., 2016). These methods have been used exten-
sively to isolate all sizes of EVs; however, they are expen-
sive and often lengthy protocols, and they are not specific
enough to isolate only large or small EVs. In addition, many
of them require the use of CD9 or CD81 as markers. Here,
we describe two new methods of large EV/MBR isolation
and compare them to canonical methods (FIG. 7).

[0206] We discovered that EV/MBR isolation using 7.5%
PEG6000 treatment (Rider 2016), led to distorted and mis-
shapen vesicles (Park et al., 2023b). Given this result, we
sought to optimize isolation using a modified 8% PEG6000
isolation method derived from Rider et al., 2016 (Rider et
al., 2016). We found that 1.5% PEG6000 maintained the
membrane vesicle structure and size of large EVs or MBRs.
The reduced PEG percentage did not interfere with the
membrane fluidity of isolated EV/MBRs, and the shape was
maintained during the high-speed centrifugation necessary
for isolation (Park et al., 2023b).

[0207] To further optimize the specific isolation of large
EVs or MBRs, we adapted two recently published EV
isolation methods (Rider et al., 2016; Guru et al., 2022) with
the goal of separating large EVs from small exosomes using
size exclusion and precipitation. We combined and modified
the methods: one using nonconjugated 20 nm PEG coated
iron oxide nanoparticles and the other using 20 nm PEGy-
lated gold nanoparticles conjugated to exosomal surface
protein antibodies. PEGylated iron oxide nanoparticles trap
unwanted proteins and tiny impurities in the reticular struc-
tures of PEG, which removes impurities using a permanent
magnet and leaves behind pure exosomes in solution (Chang
et al., 2018). The use of the gold particles adds weight to the
vesicles, allowing them to be centrifuged at low speeds.
Activation of the —COOH functional group on PEG, and
conjugation to exosomal surface protein antibodies, like
CD63, allows the gold particles to attach to the exosomes
(Guru et al., 2022). We opted to use 30 nm PEGylated gold
nanoparticles that were not conjugated to exosomal markers
(Chang et al., 2018). We found that a 0.02% v/v concentra-
tion of 30 nm PEGylated gold particles in clear conditioned
media was ideal for large EV/MBR isolation (Park et al.,
2023b).

[0208] To compare our newly developed methods with
other published and commercial methods, we isolated EVs
according to each method and settled them onto coverslips
for imaging using Poly-L-Lysine. To keep isolations com-
parable, cell culture media was harvested and centrifuged to
remove cell debris before isolations were performed. Iso-
lated EVs were fixed and labeled with anti-CD9 as a
canonical EV marker and anti-MKLP1 as an MBR marker
followed by confocal imaging. To avoid bias, confocal
images were analyzed using a custom Image] macro devel-
oped in-house (sec Methods). The macro counted particles
that were larger than 1 um in size in the CD9, MKLP1, and

Dec. 12, 2024

overlapping channels. The particles labeled with MKLP1
were classified as MBRs, and the particles labeled with only
CD9 were classified as EVs. All the methods tested revealed
that ~96-98% of the isolated MBRs were also CD9 positive
(FIG. 8A-B). The Skop Laboratory 1.5% PEG6000 (Skop
PEG) and Skop Laboratory 30 nm gold particle (Skop gold)
methods isolated the highest percentages of MBR double
stained for CD9 and MKLP1 (98-99%) (Park et al., 2023b),
and there was a significant difference between ultracentri-
fuge (UC) and TEIR (p=0.018), UC and Dynabeads (p=0.
006), and UC and Skop PEGO (p=0.025) (FIG. 8B). The
fraction of MBRs among all isolated large EVs by each
method was also calculated (FIG. 8C), revealing that all
common and new methods isolate both large and small EVs.
Although statistically insignificant, we found that the Skop
gold method isolated the highest percentage of MBRs at
approximately 65% of all EVs. TEIR and Dynabeads meth-
ods followed at 58% and 56%, respectively. Finally, the
Skop PEG and ultracentrifuge methods had an MBR enrich-
ment rate of 45% (FIG. 8C).

Cell Cycle Synchronization and siRNA Induced Cytokinetic
Failures Leads to a Decrease in Total EV Production and a
Significant Decrease in Large EVs

[0209] To determine the origins of all sizes of EVs, we
used siRNA to silence either the expression of MKILPI,
which inhibits cytokinesis (Zhu 2005, Janisch 2017, Makyio
2012, Durcan 2008) or RO-3306, a G2/M synchronization
drug, which is known to inhibit proliferation (Vassilev et al.,
2006) (FIG. 9A). To facilitate the process of quantification,
the EVs labeled with either CD9 or CD63 were separated
into classes based on their diameter (FIG. 9B). MBRs were
classified as large EVs positive for both CD9 (or CD63) and
MKLP1 with a diameter of 0.8 um or larger. Large EVs
(IEVs) had a diameter larger than 0.8 um, medium EVs
(mEVs) had a diameter of 0.5 um to 0.8 um and small EVs
(sEVs) had a diameter of 0.5 um or lower.

[0210] Next, we analyzed EVs released from Hel a cells
treated with either control or MKLP1 siRNAs. Cells treated
with MKLP1 siRNA for 48 hours suffered cytokinetic
failure, and 90% of the cells showed multiple nuclei or
bi-nucleation (FIG. 9C). Next, we isolated EVs using the
Skop Lab 1.5% PEG6000 method and quantified the number
of different classes of EVs released. Compared to the control
group, the number of EV's released decreased significantly in
all four classes (FIG. 9D-9F), even small EVs (FIG. 9F). The
total number of IEVs and MBRs released from cells treated
with MKLP1 siRNA decreased by 68.84% and 68.01%
respectively (FIG. 9D). The total number of mEVs released
decreased by 76.69% (FIG. 9E), and the total number of
sEVs released decreased by 34.91%. (FIG. 9F). We were
surprised to see a significant decrease in all size classes after
blocking cytokinesis given the literature, especially with
regard to the mEVs (0.5 um-0.8 um), which decreased by
over 76%. This data suggests that mitosis generates EVs of
all sizes, which might not be surprising as cancer cells tend
to shed way more EVs than other cells (Rai 2021, Xu 2018,
Suwakulsiri 2023, Karbanova 2024, Zocco 2014, Schmidt-
mann 2023, Kilinc 2021, Ferguson 2022, Suwakulsiri 2024).
[0211] To investigate EV release during a cell cycle block,
we treated HeLa cells with the CDK1 inhibitor RO-3306 or
DMSO control for 24 hours. The EVs were then harvested
using Skop Lab 1.5% PEG6000 method similarly as to the
MKLP1 siRNA treatment in FIG. 9A. Cells treated with
RO-3306, were primarily halted in G2 or in metaphase as
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judged by DAPI staining (FIG. 9G). Compared to the
control group, the total numbers of EV released decreased in
all four classes. The total number of IEVs and MBRs
released from cells treated with RO-3306 decreased by
62.34% and 62.22% respectively (FIG. 9H). The total num-
ber of mEVs released decreased by 33.35% (FIG. 91) and the
total number of sEV released decreased by 47.74% (FIG.
9]). The cell cycle blocks affected the biogenesis of the large
EVs more so than the mEVs or sEVs, which indicated that
the biogenesis of large EV may primarily come from mitotic
events.

[0212] Overall, these two experiments suggest that pre-
venting cytokinesis or blocking the cell cycle affects the
biogenesis of all sizes of EVs, but primarily affect the
biogenesis of the large EVs (62-68% of large EVs and
MBRs are lost after these treatments). The MKLP1 siRNA
treatment suggests that both large EVs and medium-sized
EVs are primarily generated in mitosis as there is a 68%-
76% loss of medium to large EVs/MBRs loss with this
treatment. The small EVs appear to be generated from both
interphase and mitotic cells, with interphase generating
about ~59% and mitosis generating about ~41% of the small
EVs.

EV Isolation Kits Reveal That Large EVs Have the Capacity
to Translate.

[0213] As our lab recently discovered that the midbody
and MBR are sites of active translation (Park et al., 2023a),
we sought to determine if common and commercial methods
of isolating EVs also preserve translation capacity. Puromy-
cin antibody labeling was used as a proxy for active trans-
lation activity because the localization pattern is similar to
HPG-Click-IT activity (Park et al., 2023a). Here, cleared
culture media was treated with puromycin for 10 minutes at
37° C. If large EVs in the media were translating, translation
would stop after incorporation of puromycin into the grow-
ing polypeptide chain (Aviner, 2020; Enam et al., 2020). The
media was then subjected to each isolation method and the
EV mixture was centrifuged onto cover glasses and labeled
with anti-MKLP1 and anti-puromycin (FIG. 10A). Imaging
revealed all isolated MBRs were labeled with MKLP1 and
puromycin, showing an overlap between the two channels
(FIG. 10B, dashed boxes with puromycin (Cyan) and
MKLP1 (Magenta). Particles in the puromycin and MKLP1
channels were counted using the same custom Image] macro
(see Methods). Analysis showed that the Dynabead method
had the highest percentage of MBRs with a puromycin tag
at 99.6% followed closely by Skop Lab 1.5% PEG6000
method at 99% (FIG. 10C). The ultracentrifugation method
was at 98%, and the TEIR and Skop Lab 30 nm gold particle
isolation methods at 96% and 95% respectively. Of note, the
differences between these results were not statistically sig-
nificant. Additionally, particles were detected in the puro-
mycin channel that did not express MKLP1 (FIG. 10B,
dotted boxes with CYAN only), suggesting that all EV
isolation methods isolated additional particles with transla-
tion capacity. These nanometer particles could be remains of
the HeLa cell cytoplasm or other exosomes. The high
centrifugal force necessary to clear culture media can also
damage the cell membrane, and the cytoplasm can ‘leak’
into the media. These experiments did not prove that large
EVs or MBRs in media maintain translation after isolation,
because puromycin treatment was performed before EV
isolation. To answer this question, EV isolation was also
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performed prior to puromycin treatment. After incubation
and isolation, EV mixtures were treated with puromycin for
10 minutes at 37° C. The resulting EVs were labeled with
anti-puromycin and anti-MKLP1 (FIG. 10D). We found that
MBRs maintained the ability to translate after isolation.
Indeed, all MBRs isolated using common, commercial, and
our new isolation methods were puromycin positive, with no
statistically significant difference between them, indicating
that isolated MBRs retain the capacity to translate regardless
of the isolation method.

Discussion

[0214] The central aim of this study was to elucidate the
biogenesis of large extracellular vesicles (EVs) in the size
range of 1000-2000 nm, which has remained enigmatic
despite extensive research in the EV field. We hypothesized
that these large EVs originate primarily from mitosis, con-
trary to the prevailing assumption that all EVs arise from
interphase cells. First, we determined when and where the
common EV markers, CD9, CD81, Flotillin and dsRNA,
localize during mitosis and post-mitotically within the mid-
body remnant. Next, we used common, commercial and
newly developed methods to isolate EVs and determined if
these EVs also label with MKL.P1, the midbody marker. We
then blocked mitosis using MKLP1 siRNA and a small
molecule to block the cell cycle, to determine what size EVs
were affected by these treatments. Lastly, we determined if
these common, commercial and newly developed isolation
methods also preserve translation activity of the MBR class.
[0215] The MBR has been more recently appreciated over
the last several years, but has a long history going back to
1891 with the discovery by Walther Flemming (Addi 2020,
Mullins 1979,D’ Avino 2017, Mullins 1982, Matuliene 2002,
Pinheiro 2014, Otegui 2005, Dionne 2015, Antanaviciuté
2018, Farmer 2022, Chen 2012, Peterman 2019, Peterman
2019, Skop 2004). Work over the last decade has revealed
that the MBR is not only generated during abscission, but
jettisoned into the media of cultured cells and often inter-
nalized by adjacent cells (Crowell 2014, Crowell 2013,
Peterman 2019,Addi 2020). Equally important are the active
translation properties of the MBR that our lab and others
have identified (Farmer et al., 2023; Jung et al., 2023; Park
et al., 2023a). Given this, the MBR has been positioned as
a potential mediator of cell fate (Addi 2020, Crowell 2014,
Crowell 2013, Peterman 2019, Chaigne 2020, Park 2023,
Farmer 2022), particularly given the unique RNA and pro-
tein cargo that is assembled within the structure during
mitosis. Despite all of this work, this unique signalling
organelle has remained unappreciated until recent genomic
and proteomic work in the EV field revealed cytokinesis
markers for large EVs (Suwakulsiri 2023, Nikonorova 2022,
Kowal 2016, Martinez-Greene 2021, Li 2023, Rodosthenous
2020, Berardocco 2017, Luo 2022, Lischnig 2022). It
became clear that the MBR is an extracellular vesicle given
the presence of KIF23/MKLP1, the master gene for cyto-
kinesis, in many of the large EV datasets (Lischnig 2022,
Suwakulsiri 2023). However, many questions remain as to
the exact origin of large EVs given recent findings.

[0216] One of these questions has been the biogenesis or
origin of large EVs, which are thought to be released through
exocytosis from cells primarily in interphase (as judged by
numerous sketched models found in reviews) (Gurunathan
2021, Colombo 2014, Gurunathan 2021, Liegertova 2023,
Niel 2022, Gurung 2021, Niel 2018, Akers 2013). Although



US 2024/0409917 A1

alternative biogenesis pathways have been suggested by one
EV group, this lab proposed perhaps the MBR was a new
large EV group (Gurunathan 2021, Colombo 2014, Guruna-
than 2021, Liegertova 2023, Niel 2022, Gurung 2021, Niel
2018, Akers 2013). However, Westerns of density-separated
large EV classes, including isolated microparticles (MPs)
and MBRs, revealed that vesicles of different densities both
contain KIF23/MKLP1, suggesting that these two classes
originate in mitosis and/or belong to the exact same class of
large EVs. Lastly, we know that EVs are then released into
the cell culture media and can communicate with adjacent
cells (Tetta et al., 2013; Pitt et al., 2016; Tkach and Théry,
2016; Maacha et al., 2019), similar to what has been
observed for MBRs (Crowell 2014, Peterman 2019, Peter-
man 2019, Chaigne 2020, Addi 2020). From these findings,
we hypothesized that MBRs are synonymous with large EV's
and are generated by mitotic cells.

[0217] For over 14 years, the EV field has documented
that cancer cells release more EVs than their non-cancerous
counterparts (Sandim and Monteiro, 2020). Tumors contain
multiple cell types in all different stages of the cell cycle, and
10-20% of tumors have been shown to contain mitotic
cycling cells (Adams et al., 2016; Donovan et al., 2021;
Urezkova et al., 2021; Ibrahim et al., 2022). These consid-
erations coupled with the increased proliferation index of
cancer cells, suggest that it is highly likely that MBRs are
being generated and released at higher rates in cancer cells
than normal cells. To investigate, we mapped the localiza-
tion of common EV markers throughout the cell cycle to
determine when and how EVs may be generated. Addition-
ally, we showed that known midbody markers (ARF6,
TSG101, ALIX, CIT-K, and PLK1) which have been used as
EV markers or found in them (Clancy 2022, Yoshioka 2013,
Colombo 2014, Suwakulsiri 2023, Loomis 2006) clearly
co-localized with MKLP1 (FIG. 12). Based on our findings,
we suggest a new model for EV biogenesis (FIG. 11). In this
model, common EV markers are dispersed throughout the
cell membrane in interphase, and small, medium and large
EVs are released from the cell membrane. However, during
the stages of mitosis, EV markers move in a highly localized
and enriched manner to mitotic structures. They form a
cloud around the metaphase plate in metaphase, localize to
the spindle midzone in anaphase, and are found in the
midbody and MBR in telophase and during abscission.
MKLP1, which is a midbody and MBR marker, demon-
strated the same localization pattern as EV markers starting
in anaphase through MBR stage. MBRs released into the
extracellular space showed a clear overlap between EV
markers and MKLP1. Our findings highlight a mitotic
pathway for the generation of large EVs showing that
canonical EV markers assemble during mitosis in the
spindle midzone, midbody and MBR.

[0218] To determine if common and commercial EV iso-
lation methods isolate MBRs, we compared these methods
by assessing known EV and MBR markers after isolation.
Our reasoning for doing this was to assess the literature
surrounding the activity and impact of EVs on cell biology.
In addition, the interpretation of results found in the EV
literature is broad and is inherently dependent on the isola-
tion methods used. Over the years, Nanoparticle tracking
analysis (NTA) and western blotting have been used to
characterize isolated EVs; however, whilst NTA measures
size it has an upper limit of 1000 nm therefore excluding
most large EVs and MBRs, and Western blotting indicates
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protein content without differentiating between EV sizes, so
neither method truly assesses both the relative size of
particles and the proteins that colocalize with them. To
improve the characterization of isolated particles, we used a
quantitative imaging approach to measure CD9 or CD63,
canonical EV markers (Termini 2017, Andreu 2014), and
MKLP1, a marker of the midbody and MBR (Hu et al.,
2012; Tkach and Théry, 2016; Raposo and Stahl, 2019).
Automated counting was performed on the images obtained
from EV isolation using a custom Image] macro that was
developed in-house (see Methods). This macro counted the
number of CD9 or CD63 positive particles, MKLP1 positive
particles, and dual positive particles. The resulting counts
were transformed into percentages of the total number of
particles, which enabled comparisons between the methods
without respect to the number of EVs isolated. Our results
also showed that ~97% of large EV's labeled with CD9 were
also MKLP1 positive (FIG. 6), suggesting that the large EVs
are indeed MBRs that originate in mitosis. This observation
is consistent with a recent proteomic analysis of small and
large EVs, which showed that small and large EVs were
positive for almost all EV markers whereas only large EVs
were positive for RACGAP1 and KIF23 (MKLPI1)
(Lischnig 2022). We did also identify a large EV class that
only labeled with CD63 and not MKLP1, suggesting that
there is a class of large EVs that do not have a mitotic origin.
We are unable to discern where this class originates or
whether it belongs to what some are calling microparticles
(Suwakulsiri 2023, Rai 2021, Suwakulsiri 2024). Our study
also suggests that CD9 or CD63, does not differentiate
between large and small EVs but that MKLP1 was clearly
identified as a specific marker for the MBRs, suggesting that
MKLP1 can be used to identify large EVs from the rest of
the EV population.

[0219] Probably our most significant experiments we per-
formed were where we blocked cells in either cytokinesis or
the cell cycle. Both treatments led to significant decreases in
all sizes of EVs including large, medium and small extra-
cellular vesicles (FIG. 9). We were surprised to find that
these cell cycle and mitotic blocks also led to decreases in
smaller vesicles, as the current understanding of exosome or
small EV production occurs via exocytic release (Beshbishy
2020, Gurunathan 2021, Colombo 2014, Suwakulsiri 2023,
Mardi 2023, Zhang 2018, McAndrews 2019, Latifkar 2019,
Niel 2018, Andreu 2014, Mathieu 2019, Kalluri 2020,
Gurung 2021, Akers 2013), but this could perhaps be due to
the stress caused on cells using these treatments or drugs,
which might block exocytosis (Markina-Iilarrairaegui et al.,
2013). These treatments could alternatively lead cells to
enter a senescent state, which could lead to less EV release,
yet senescent cells often release more exosomes (Lehmann
et al.,, 2008). What we do understand from these experi-
ments, is that blocks in the cell cycle and mitosis lead to a
significant decrease in the amount of MBRs (which is
expected as mitosis does not occur), but also other large
non-MKLP1-labeled EVs, whose origin is unclear. Equally,
medium sized EVs show a significant decrease after MKLP1
siRNA treatment, suggesting that perhaps some medium-
sized EVs originate in mitosis. The RO-3306 treatment
which blocks the cell cycle in G2 phase through metaphase
(Vassilev et al., 2006), suggest that all sizes of EVs can
originate during this cell cycle window. While there is
accumulating evidence that EV biogenesis occurs via exo-
cytic pathways or membrane shedding (Gurunathan 2021,
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Liegertova 2023,Colombo 2014, Théry 2018, Latifkar 2019,
Margolis 2019, Gurung 2021, Akers 2013), it is clear that
mitosis is another pathway that generates significant
amounts of EVs, knowledge particularly useful when using
EVs for therapeutics and cancer diagnostics.

[0220] Lastly, we have shown that large EVs or MBRs
labeled with puromycin were present in all EV isolation
methods tested. This implies that all methods used in
research to date have likely been contaminated with trans-
lating large EV's or MBRs. To note, there were even smaller
particles identified in our studies that labeled with puromy-
cin (FIG. 10B; dotted Cyan/PURO only box), perhaps from
cellular debris depending on the isolation methods used or
smaller MBRs. The translation activity is a unique function
of this class of large EVs. Large EVs or MBRs also have a
higher cargo capacity and can carry larger more specific
payloads than smaller EVs or exosomes, including rRNA
and mRNA which are enriched in large EVs (Gurunathan
2021, Liegertova 2023, Colombo 2014, Théry 2018, Lat-
ifkar 2019, Margolis 2019, Gurung 2021, Akers 2013).
Overall, our data suggests that this unique class of EVs may
have a greater biological impact given the large payload and
also translation activity, especially during cell-cell commu-
nication, viral transmission, and their use as drug delivery
vehicles.

[0221] In summary, we demonstrate that the mitotic origin
of large EVs as MBRs, a finding that challenges existing
paradigms and has broad implications for EV research,
cancer diagnosis, and therapeutic engineering. Large trans-
lating EV's have a different mechanism of biogenesis that is
distinct from membrane budding and exocytosis of microve-
sicles/microparticles and exosomes (Gurunathan 2021,
Liegertova 2023, Colombo 2014, Théry 2018, Latifkar
2019, Margolis 2019, Gurung 2021, Akers 2013). These
large translating EVs are also molecularly distinct from
exosomes (Lischnig 2022, Park 2023), with a mitotic origin,
and have MKLPI1 as a unique marker. Cancer cells divide
rapidly and therefore produce high quantities of MKLP1-
labeled large EVs (Suwakulsiri 2023, Suwakulsiri 2024,
Lischnig 2022, Park 2023, Rai 2021). This unique mitotic
EVs class can therefore serve as diagnostic markers for
cancer, as MKLP1-positive MBRs present in liquid biopsies
from cancer patients could be counted and compared to
normally cycling cells. Another implication of this work is
the engineering potential for drug delivery and therapeutics
for many diseases, including neurodegeneration and cancer,
since cells can be genetically engineered to assemble thera-
peutic cargo in their MBRs during mitosis using MKLP1 as
a specific target. We provide a novel perspective on EV
biogenesis and identify unique markers for this class of
large, translating EVs, paving the way for future investiga-
tions into their biological roles and clinical applications.

Methods:

[0222] Cell culture: HclLa (ATCC® CCL-2™) cells
(Douglas et al., 2010) were cultured in DMEM/high-glucose
(Thermo Fisher Scientific, Cat #11965-118) or DMEM/F12
HEPES (Thermo Fisher Scientific, Cat #11-330-057),
supplemented with 10% fetal bovine serum (FBS) and 1%
penicillin/streptomycin (p/s), at 37° C. in a humidified
incubator at 5% CO,. Chemicals were used in cultures at the
indicated concentrations: 91 uM puromycin (Sigma-Al-
drich, Cat #P8833) and 9 uM RO-3306 (Santa Cruz, Cat
#s¢358700).
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[0223] EV purification—TEIR: EVs were purified from
culture media using a Total Exosome Isolation Reagent
(TEIR, Thermo Fisher Scientific, Cat #4478359). Briefly,
HeLa cells were grown in a T175 flask for one week and fed
with DMEM/F12 media, supplemented with 10% FBS and
1% p/s, every 2 days. Culture media (10 ml) was collected
and centrifuged at 1,000xg for 10 min to remove cell debris.
TEIR was added at a volume equivalent to half the remain-
ing volume of cleared culture media (i.e., 5 ml of TEIR
solution would be added to 10 ml culture media). The
mixture was incubated overnight at 4° C. and then centri-
fuged at 10,000xg for 1 hr at 4° C. The resulting pellet was
dissolved in 1 ml PBS. The mixture was placed on a
poly-L-lysine-coated 18 mm #1.5 thickness circular cover
glass and incubated overnight to allow EVs to settle onto the
coverslip. EVs were fixed in 3.7% PFA with 0.3% Triton
X-100 in PHEM buffer at RT for 15 min.

[0224] Dynabeads: EVs isolated using TEIR were purified
with Protein G Dynabeads (Thermo Fisher Scientific, Cat
#10003D). Dynabeads were vortexed, and 1.5 mg (50 pl) of
Dynabeads were placed in an Eppendorf tube on a DynaMag
(Thermo Fisher Scientific, Cat #12321D). The liquid was
aspirated from the Dynabeads, and 10 ng of CD81 antibody
(Santa Cruz, Cat #SC-23952) diluted in 200 pl PBS with
Tween 20 was added to the Dynabeads. The Dynabeads
were incubated for 40 min at 37° C. on a rocker to allow
Dynabead-antibody conjugation. The beads were placed on
the DynaMag again, and the liquid was aspirated, followed
by washing with 200 ul PBS to remove excess antibodies.
Conjugated dynabeads were incubated with 1ml of TEIR-
derived EV solution overnight at 4° C. on a rocker. After
incubation, the tube was placed on the DynaMag, and the
excess liquid was aspirated. To elute EVs from the Dyna-
beads, 100 pl of 1x Nupage sample reducing agent (Thermo
Fisher Scientific, Cat #NP0004) diluted in PBS was added to
the beads and incubated at 37° C. for 1 hr on a rocker. After
isolating the liquid from the Dynabeads using the DynaMag,
the solution was placed onto a poly-L-lysine-coated 18 mm
#1.5 thickness circular cover glass and incubated at 4° C.
overnight to allow EVs to settle. EVs were fixed in 3.7%
PFA with 0.3% Triton X-100 in PHEM buffer at RT for 15
min.

[0225] Ultracentrifugation: EVs/MBRs were isolated by
ultracentrifugation of cleared culture media adapted from
Peterman, et al., 2019. Hela cells were grown in four T175
flasks with 20 ml DMEM/F12 media, supplemented with
10% FBS and 1% p/s, for 1 week. Media was changed on
day 5, and cells were grown until 80% confluent. Cultured
media was collected and centrifuged at 1,000xg for 10 min
to clear cell debris. Cleared cultured media was transferred
to ultracentrifuge tubes (Thermofisher, Cat #3118-0050) and
centrifuged at 10,000xg for 30 min at 4° C. After aspiration,
the pellets were combined and dissolved in 1 ml sterile PBS.
The solution was transferred to 1.5 ml microcentrifuge tubes
and centrifuged at 10,000xg for 30 min at 4° C. After
aspiration, the pellet was resuspended in nuclease-free water
with 6 mM MgCl,, 250 mM sucrose, and 250 mM NaCl to
a final volume of 200 pl. A density gradient was prepared in
a 1.5 ml tube by layering 300 pl of 40% glycerol followed
by 400 pl each of 1M and 2M sucrose solutions consisting
of 20 mM HEPES, 6 mM MgCl,, 1 mM dithiothreitol, and
100 mM NaCl at pH 7.4. The resuspended pellet was layered
onto the density gradient and centrifuged at 3,000xg for 20
min at 4° C. Immediately after centrifugation, the band
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between the 2M and 1M sucrose solutions was collected and
centrifuged at 10,000xg for 30 mins at 4° C. After aspiration,
the invisible pellet was dissolved in 40 pl sterile PBS. The
dissolved MBRs were placed on poly-L-lysine-coated 18
mm #1.5 circular cover glass and incubated overnight at 4°
C. to allow MBRs to settle onto the cover glass. MBRs were
fixed in 3.7% PFA with 0.3% Triton X-100 in PHEM buffer
at RT for 15 min.

[0226] Skop Laboratory 1.5% PEG6000 method (Park et
al., 2023b): HeL.a cells were grown in a T175 flask for one
week and fed with DMEM/F12 media, supplemented with
10% FBS and 1% p/s, every 2 days. Culture media (10 ml)
was collected and centrifuged at 1,000xg for 10 min to
remove cell debris. Cleared culture media (9.5 ml) was
transferred to a 15 ml conical tube (Falcon, Cat #352097),
and 500 pl of 30% polyethylene glycol 6000 (PEG, Sigma-
Aldrich, Cat #81253-250G) in DPBS (Thermo Scientific,
Cat #45000-430) was added to a final concentration of 1.5%
(v/v). The mixture was vortexed and incubated overnight at
4° C. The mixture was sedimented onto poly-L-lysine-
coated 18 mm #1 circular cover glass by centrifugation at
3,000xg for 10 min. EVs/MBRs were fixed in 3.7% PFA
with 0.3% Triton X-100 in PHEM buffer at RT for 15 min.
[0227] Skop Laboratory 30 nm gold nanoparticles method
(Park et al., 2023b): HeLa cells were grown in a T175 flask
for one week and fed with DMEM/F12 media, supple-
mented with 10% FBS and 1% p/s, every 2 days. Culture
media (10 ml) was collected and centrifuged at 1,000xg for
10 min to remove cell debris. Cleared culture media was
transferred to a 15 ml conical tube, and 2 pl of 30 nm gold
nanoparticles coated with PEG5000 (Sigma-Aldrich, Cat
#765732-1ML) were added. The mixture was vortexed and
incubated overnight at 4° C. The mixture was sedimented on
poly-L-lysine-coated 18 mm #1.5 circular cover glass by
centrifugation at 3,000xg for 10 min. EVs/MBRs were fixed
in 3.7% PFA with 0.3% Triton X-100 in PHEM buffer at RT
for 15 min.

[0228] siRNA experiments: HeLa cells were grown for 24
hr in 150 mm culture dishes with a 18 mm #1.5 thickness
circular cover glass in DMEM/high-glucose supplemented
with 10% FBS and 1% p/s to 50% confluence. After 24 hr,
120 pl siRNA (final concentration 80 pmols) (Santa Cruz)
and 90 pl lipofectamine RNAIMAX (Invitrogen) were added
to 1.5 ml Opti-MEM media (Thermo Fisher, Cat
#31985062), mixed, incubated for 5 min at room tempera-
ture. and added to the relevant cells and incubated for 5 hr.
The media was replaced to reduce siRNA toxicity and the
transfected cells cultured for 48 hr before EV isolation using
the Skop lab 1.5% PEG6000 method. The cells on the cover
glass were fixed in 3.7% PFA with 0.3% Triton X-100 in
PHEM buffer at RT for 15 min.

[0229] RO-3306 inhibitor treatment: HelLa cells were
grown for 24 hr in 150 mm culture dishes with a 18 mm #1.5
thickness circular cover glass in DMEM/high glucose
supplemented with 10% FBS and 1% p/s to 60% confluence.
9 uM of RO-3306 or the equivalent volume of DMSO was
added to the cells in 20 mL. DMEM high glucose with 10%
FBS and 1% p/s and incubated for 24 hours. EV were
isolated from the media using the Skop Lab 1.5% PEG6000
method, and the cells on the cover glass were fixed in 3.7%
PFA with 0.3% Triton X-100 in PHEM buffer at RT for 15
min.

[0230] Visualizing active protein translation using puro-
mycin labeling: To visualize active translation, cell culture
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supernatant and isolated MBRs on cover glass were pulsed
with 91 uM puromycin (Millipore Sigma, Cat #P8833) in
culture media for 10 min at 37° C., fixed as described, and
immunostained using anti-puromycin antibodies (Millipore
Sigma, Cat #MABE343). Samples were co-incubated with
anti-MKLP1 antibodies (Novus Biologicals, Cat #NBP2-
56923) as a marker for MBRs.

[0231] Immunofluorescence: Hela cells were used for
immunofluorescence assays of midbodies or MBRs, respec-
tively. Cells were cultured on 18 mm circular cover glasses
and fixed in 3.7% PFA with 0.3% Triton X-100 in PHEM
buffer at RT for 10 min. Non-specific antibody binding was
blocked by 1 hr incubation in PHEM buffer containing 3%
BSA (Sigma-Aldrich, Cat #A2153) (blocking buffer) at RT,
followed by incubation with the relevant primary antibodies
in blocking buffer at 4° C. overnight. Cover glasses were
washed three times 5 min with PBST (PBS, 0.1% Tween
20), incubated with relevant secondary antibody in blocking
buffer for 2 hr at RT then washed 3 times 5 min with PBST.
Cover glasses were mounted on slides using either
VectaShield with DAPI (Fisher Scientific, Cat #nc1601055)
or Fluoro-Gel mounting medium (Electron Microscopy Sci-
ences, Cat #17985-30) on Colorfast Microscope Slides
(Fisherbrand, Cat #12-550-413). Slides were analyzed using
structured illumination microscopy (SIM), confocal micros-
copy or Revolve scope.

[0232] N-SIM imaging: Fluorescence images were col-
lected on a motorized inverted Eclipse Ti-E structured
illumination microscope (Nikon). Images were captured on
the Andor iXon 897 EMCCD camera (Andor Technology).
Image] was used to generate maximum intensity projec-
tions.

[0233] Confocal imaging: Fluorescence images were col-
lected using a Nikon AIR-Si+ confocal microscope. Multi-
channel images were captured by high-sensitivity GaAsP
detectors using 561 nm and 640 nm lasers and a 60x
objective. Imagel] was used to generate maximum intensity
projections.

[0234] Revolve scope imaging: Fluorescence images were
captured by a SMP CMOS color camera on a RVL2-K
microscope by ECHO (revolve microscope).

[0235] Particle counting: Maximum Z-Projection images
of isolated EVs/MBRs stained with MKLP1 and other EV
markers were used in these analyses. EV/MBR counting was
performed using Imagel, and a custom macro tool (https://
github.com/arskop/midbody.git) was written to automate
image analysis using a series of image analysis techniques
available in the Fiji software package. Multichannel images
were imported and subjected to maximum Z projection,
followed by application of an auto threshold using the
Moments function. Subsequently, the Analyze Particle func-
tion was employed to count particles larger than the pre-
defined size threshold of 0.8 (0.8 um in diameter) and with
a circularity value greater than 0.1. To identify overlapping
particles, images were split into two channels (488 and 647
nm channels) and combined using the Image Calculator
‘AND’ function, and the Analyze Particles function was
applied with parameters identical to the preceding step.
Particle counts were subsequently exported to separate
tables to facilitate data processing in Microsoft Excel and
Prism.

[0236] Differentially Sized Particle Counting: MBR, 1EV,
mEV, and sEV counting was performed using a custom
automated Imagel macro tool (github.com/arskop/midbody.
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git) based on the diameter of particles. Images were
imported into imagel, automatic thresholding with
“Moments” method was applied to each image to distinguish
the features of interest. To identify MBRs, particles positive
for MKLP1 and CD9 or CD63 markers were identified using
AND function using Image Calculator. Overlapping par-
ticles with both markers larger than 0.8 um diameter were
counted as MBRs. Counts for EVs of different sizes were
acquired using Analyze Particle function with pre-defined
sizes: sEV (<0.5 um), mEV (0.5-0.8 um), and 1IEV (>0.8
um). Particles counts were exported into Microsoft Excel
and Prism for analysis.

[0237] Statistical analysis: All graphs were drawn on on
GraphPad Prism Software (Graphpad, San Diego, CA).
Quantitative data represented as meansstandard error of
mean (s.e.m). Statistical analysis was performed using R
software (Wilcoxon Rank Sum Test) with P value <0.05
considered as statistically significant (*p<0.05, **p<0.01,
*E*p<0.001, ****p<0.0001). For all immunofluorescence
HeL a cell imaging analysis, at least 13 sample images were
analyzed to report localization pattern. For MBR isolation
experiments, isolation was done in triplicate with at least 5
different imaging fields imaged for each cover glass, and at
least 15 images were analyzed for each condition.
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1. A method of isolating midbodies, midbody remnants or
large extracellular vesicles (IEV), the method comprising
combining a polyethylene glycol (PEG) solution with a
biological sample comprising midbodies or midbody rem-
nants, incubating the PEG solution and the biological
sample for at least 4 hours and recovering the midbodies,
midbody remnants or 1IEV, wherein the PEG solution com-
prises between 0.5 and 5% PEG.

2. The method of claim 1, wherein the biological sample
is selected from the group consisting of conditioned media,
plasma, serum, cerebral spinal fluid, urine, blood, saliva and
tissue.

3. The method of claim 1, wherein the PEG solution has
a final concentration of at least 1% and less than 3%.

4. The method of claim 1, wherein the PEG has a molar
weight of between 5000 g/mol and 7000 g/mol.

5. The method of claim 1, wherein the midbodies or
midbody remnants are recovered by centrifugation at less
than 5000xg for 20 min.

6. The method of claim 1, wherein the PEG solution
further comprises nanoparticles.

7. The method of claim 6, wherein the nanoparticles are
gold nanoparticles or iron oxide nanoparticles.
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8. The method of claim 7, wherein the nanoparticles are
gold nanoparticles, the gold nanoparticles are in solution
with the PEG solution prior to combination with the bio-
logical sample, the incubation is for at least 12 hrs and the
midbodies or midbody remnants are recovered by centrifu-
gation at 500xg for 10 min.

9. The method of claim 1, wherein the PEG solution and
biological sample are incubated together for approximately
12 hrs or more prior to the recovering step.

10. The method of claim 1, wherein the midbodies,
midbody remnants or IEV comprise ribosomal subunits and
mRNA and are capable of translating the mRNA to generate
protein.

11. The method of claim 1, further comprising labeling the
recovered midbodies, midbody remnants or IEV with an
MKLP1, CD9, MgcRACGAP1, PLKI1, AURK, CITK,
ANNEXIN 11, TEX14 or ARC affinity reagent and sorting
for the labeled recovered midbodies or midbody remnants.

12. The method of claim 1, further comprising detecting
the presence of RNA in the midbodies, midbody remnants or
IEV.

13. The method of claim 1, further comprising loading the
midbodies, midbody remnants or 1IEV with a therapeutic
cargo.

14. A method for inducing the differentiation of cells, the
method comprising contacting a pluripotent cell with the
midbodies or midbody remnants produced by the method of
claim 1, wherein the pluripotent cell differentiates into the
same cell type from which the midbodies or midbody
remnants were derived.

15. A method detecting cancer in a subject comprising:

obtaining a biological sample from a subject;

isolating the midbodies or midbody remnants from the

biological sample using the method of claim 1; and
using the isolated midbodies or midbody remnants to
determine if the subject has cancer.

16. A method of delivering a therapeutic cargo to a target
cell comprising collecting midbodies or midbody remnants
via the method of claim 1 and contacting a target cell with
the collected midbodies or midbody remnants.

17. The method of claim 16, wherein the midbodies or
midbody remnants are collected from conditioned media
collected from cells modified to express a therapeutic cargo.

18. A method of diagnosing a proliferative disease, the
method comprising measuring MKLP1 in a biological
sample from a subject and comparing the level of MKLP1
in the biological sample to a level of MKLP1 in a control
sample, wherein an increase in the level of MKLP1 in the
biological sample as compared to that in the control sample
is indicative of the proliferative disease in the subject.

19. The method of claim 18, wherein the proliferative
disease is selected from the group consisting of cancer,
atherosclerosis, rheumatoid arthritis, psoriasis, pulmonary
fibrosis, scleroderma, and cirrhosis of the liver.

20. A method of selecting a large extracellular vesicle
(IEV) or a midbody or midbody remnant (MBR) from a
sample, the method comprising contacting a sample with an
anti-MKLP1 antibody, wherein the portion of the sample
that binds to MKLP1 contains the IEV or MBR.

21. The method of claim 20, wherein the portion of the
sample that does not bind to the anti-MKLP1 antibody
contains a small EV.





