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Ectosome biogenesis and release processes observed by using 
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Background: Ectosomes are recognized as shedding from the plasma membranes into the extracellular 
environment. Recent research has demonstrated that ectosomes are surrounded by phospholipid membranes 
containing lipid rafts and caveolae. Some ectosomes contain cytokines in the lumen and have high levels 
of phosphatidylserine exposed to the outer membrane. Intracellular vesicles share both characters with 
ectosomes. Why the plasma membrane-derived ectosomes have the same characteristics as intracellular 
vesicles remain largely unknown. 
Methods: Using live-cell dynamic imaging, we recorded the process of ectosome biogenesis and release in 
primary cultured neural cells. 
Results: Our results show two different ectosome release methods: slow-releasing and fast-releasing. In 
the slow-releasing, multiple ectosomes emerge almost simultaneously on the cell surface and are released by 
outward budding from the plasma membrane. In the fast releasing, ectosomes squeeze out of the membrane 
domain and pinch off from a cell’s surface. Using ER-tracker for live-cell imaging, we directly observed the 
process that intracellular vesicles jump out of the plasma membrane for release. This type of ectosomes has 
a reverse array of membrane proteins and phospholipids compared to the plasma membrane. So ectosomes 
should be divided into two groups: plasma membrane-derived and intracellular membrane-derived ectosomes. 
Conclusions: Both slow releasing and fast releasing EVs imply mechanisms of human diseases and for 
diagnostics and drug delivery.
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Introduction

Intercellular communication, essential for organ function, 
can be mediated by direct cell-to-cell-contact, e.g., tight 
junction (1), or secreted molecules, e.g., single-molecule-
driven signal transduction (2). In the last two decades, 
a concept “signaling organelle” (3) involves subcellular 
vesicles and extracellular vehicles (EVs) that are defined 
as a heterogeneous group of membrane-bound particles 
containing signaling molecules (4). EVs are released from 
the cell to deliver signals to target cells (5) for signal 
transduction cascades as the long- and short-distance 
intercellular communication mechanism. 

As EVs modulate tumor microenvironment behavior via 
the immune, pro-inflammatory, and inflammatory response (6),  
they conjure up hope to appear to be promising targets in 
the diagnosis therapy of diseases, especially cancer. There 
are two types of EVs, exosomes, and ectosomes. Exosomes 
are released by the exocytosis of multivesicular bodies 
(MVBs). Ectosomes are generated by outward budding and 
pinching off from the plasma membrane, which is generally 
referred to ubiquitous vesicles as including platelet-derived 
microvesicles (7), shedding vesicles (8), microparticles (9),  
and apoptotic bodies (10).  The release of EVs is 
regulated by a variety of stimuli such as ATP (11), protein 
phosphorylation (12), calmodulin activation, cytoskeleton 
reorganization (13), and other factors. The release of 
ectosomes is visible soon as a new type of membrane 
protrusion resembles a ‘beads-on-a-string’ structure after 
stimulation and lasts for several minutes, companying an 
increase in the concentration of free Ca2+ (10) reflecting 
on a new mechanism of apoptotic body formation in 
monocytes. Loss of membrane-cytoskeletal adhesion in the 
formation of ectosomes is involved in plasma membrane 
phosphatidylinositol 4,5-bisphosphate (PIP2) adhesion 
energy exchanges between the cytoskeleton and the plasma 
membrane (14); however, the underlined dynamic process 
of biogenesis of ectosomes remain largely unknown. 

The biogenesis  of  ectosomes is  bel ieved to be 
assembled by the regulated outward budding of plasma 
membrane domains (15) .  Such plasma membrane 
domain-induced budding in endothelial cells depends 
on caveolae (16) or CCV (17). Many cells shed their 
ectosomes (also call microparticles) into circulation. 
Among them, platelet microparticles are the most abundant 
ectosomes. These ectosomes are typically characterized 
by their phosphatidylserine exposure (PS) on their outer 
membrane, as indicated by annexin V binding (14). 

Since phosphatidylserine (PS) is exclusively expressed on 
the plasma membrane’s inner leaflet, the budding of a 
fragment of the plasma membrane as a source of ectosome 
biogenesis may not cover the whole situation. The contents 
of ectosomes include IL-1β and other cytokines that are 
usually secreted into the extracellular environment or in the 
lumen of vesicles within the glial cells (18) and also include 
TNF family, TNF-related apoptosis-inducing ligand, Fas 
ligand, or CD40 ligand that are released by damaged renal 
tubular epithelial cells (19). How cells generate ectosomes 
that contain a secretory form of molecules, just like the 
intracellular vesicles, is still a puzzle. By stimulating 
the primary cultured mouse glia cells and recording the 
dynamic process of ectosome release, we visualized the 
dynamic process of shedding and investigated the possible 
mechanism of ectosome release in live-cells.

Methods

This study was approved by the institutional ethics board of 
the Shenzhen University, in compliance with the national 
guidelines for the care and use of animals established by the 
National Natural Science Foundation of China.

Reagents and antibodies

DMEM culture medium, neurobasal medium, and FBS 
were purchased from Gibco. Colchicine was purchase 
from Sigma Aldrich. Cy5-conjugated donkey anti-
mouse second antibody was purchased from Jackson 
ImmunoResearch. ER-tracker Blue and Fluo 4 were 
purchased from Invitrogen. The primary antibodies, mouse 
monoclonal anti-serca 3, were purchased from Santa Cruz 
Biotechnology. Mouse monoclonal anti-NGF antibody was 
purchased from Abcam. FITC-annexin V kit was purchased 
from Beyotime. 

Primary glial cell culture

Primary cortical neurons and glias were prepared as 
previously described with minor modifications (20). In 
brief, brains were dissected under the binocular microscope 
from postnatal day 1 mouse pups [all under standard 
guidelines with the Institutional Animal Care and Use 
Committees (IACUC) approval], and the whole brain 
was used. After collagenase digestion and centrifugations, 
neuron and glia cells were grown in neurobasal medium 
with B27 supplement, 100 U/mL penicillin, and 100 μg/mL 
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streptomycin and 5% FBS on polylysine coated cover glass. 
The cells were used for time-lapse imaging 7 days after the 
culture.

Live cell imaging

A Zeiss 710 confocal microscope (Carl Zeiss, GERMANY) 
was used with 20× or 63× water objectives. The cells were 
scanned under the laser scanning confocal microscope using 
the Time Series program. The scanning frequency was 
1 time/s. The changes in the fluorescence were recorded 
through continuous scanning. The drug of the intervention 
was added to cells in 20–30 s during scanning. 

Cell labeling

Primary glial cells were labeled with Fluo-4 AM or ER-
Tracker™ Blue-White DPX in phenol Red free DMEM for 
30 minutes and washed with phenol Red free DMEM and 
incubated in the same medium before live-cell imaging. 

Extracellular vesicles (including ectosome) collection and 
staining

Primary glial cells were cultured in two-well poly-L-lysine 
coated cover glasses for 7 days and then washed three 
times with phenol Red free DMEM before adding fresh 
phenol Red free DMEM culture medium with or without 
30 μM colchicines for 30 minutes. The culture medium 
was transferred to a 1.5 mL tube for extracellular vesicle 
preparation. The cells cultured on the cover-glass chamber 
were fixed with cold methanol for immunofluorescence. 
For EVs preparation, the collected culture medium was 
centrifuged at 3,000 rpm for 5 minutes to remove the cells. 
The supernatant was then transferred to another 1.5 mL 
tube to centrifuge at 145,000 rpm for 5 minutes to collect 
the EVs. FITC-conjugated annexin V (1:100) diluted by 
PBS were used to incubate with the EVs for 30 minutes 
and washed with PBS by centrifugation, and then anti-
NGF mouse monoclonal antibody (1:100) diluted by PBS 
containing 0.1% triton ×100 were used to incubate with the 
EVs for 30 minutes and washed with PBS by centrifugation. 
Cy5-conjugated donkey anti-mouse second antibody was 
used to labeling NGF signal for 30 minutes and washed 
with PBS by centrifugation. The precipitate was suspended 
with 50 μL PBS and dropped on a glass slide for imaging. 
Immunofluorescence for cells on the cover-glass chamber 
was performed using an anti-serca 3 mouse monoclonal 

antibody. The same second antibody, as above, was used for 
the staining. 

Quantitation of annexin V positive and NGF-containing EVs

The total numbers of EVs were counted under the DIC 
image by granule counting. Annexin V positive and NGF 
positive EVs were counted, respectively. Co-localized 
signals were counted for those both of them are positive.

Results

Ectosomes budding from the plasma membrane

The formation of the ectosome has been recognized 
as outward budding from the plasma membrane. The 
cytoskeleton’s reorganization can induce the release 
of ectosomes by the formation of ‘beads-on-a-string’ 
protrusions (10). Simultaneously, disruption of actin-
membrane interactions dissociates the platelet membrane 
skeleton from its membrane attachment sites, shedding 
the plasma membrane domain to procoagulant-rich 
microvesicles (21). To investigate whether the disassembly 
of a microtubule can promote the ectosome release and 
whether the process of release can be visualized in glia cells, 
we labeled the primary cultured glial cells with fluor 4, 
treated the cells with 20 μM colchicine, and observed the 
dynamic process using the Zeiss 710 confocal microscope. 
Dynamic changes in calcium signal were recorded in a time 
serial program at 1-frame per second. Vesicle-like structures 
in the cells were observed with increasing calcium-driven 
signals (Figure 1, Video 1) up to 20 μM of colchicine. The 
nucleus was labeled with a robust calcium signal in the 
center of each cell.

Dot-like structures with strong calcium signals appeared 
near the cells’ edge (Figure 1, arrows). The calcium signal 
lasted about 30 seconds, but no ectosome release was 
observed. The increase of cytosolic free Ca2+ induces the 
cytoskeleton’s disassembly is believed to respond to the local 
signal for triggering the EV release (12). The stimulation of 
colchicine at this concentration seemed not strong enough 
to trigger the ectosome release. To visualize the budding 
process and snip-off of ectosome release in the cells, we 
increased the concentration of colchicine to 30 μM. About 
a minute post-treatment, many vesicles appeared near the 
plasma membrane’s edge with increasing calcium signals 
in the structures (Figure 2, Video 2). All the vesicles with 
calcium signals occurred at almost the same time and had 
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Figure 1 The formation of vesicle-like structures is induced by the treatment of colchincine. Primary glial cells were cultured on the glass-
slide chamber for 1 week and labeled with Fluo 4 before live-cell imaging using the Carl Zeiss (GERMANY) 710 confocal microscope. 
The Time-series program was set at 1-frame/second. Colchicine was added to a final concentration of 20 μM after the time-series program 
starts running. The numbers in the figure indicate the frame numbers in the dynamic images. Arrows show the formation of vesicles with 
increasing free Ca2+ in the cells. The vesicle-like structures with strong calcium signal last about 40 seconds. Scale Bar: 20 μm.
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about the same size. A process including plasma membrane 
budding, extension, and shedding-off was observed in these 
cells (Figure 3, Video 3). The whole process lasted about  
3 minutes. Vesicles with a more prominent area were found 
initially, and then the vesicles shrunk into a smaller one 
(Figure 2, arrows). It took about one minute for the process 
of shrinking (Figure 2, 58 to 120) and one minute (Figure 2,  
120 to 200) for the vesicles shedding from the plasm 
membrane. The whole process happened the same as those 
described in other cell types (5). 

Ectosomes squeezed out of the plasma membrane

Primary cultured neural cells were mixed with astrocyte-like 
cells. Since different cell types may have their own way of 
ectosome release, we further recorded the dynamic changes 

of neurons or astrocytes based on their morphology. In 
astrocyte-like cells, a different way of release was observed. 
Soon after stimulating the cells with 30 μM colchicine, a 
series of ectosomes pumped out one by one from the same 
site of the plasma membrane rapidly (Figure 3, Video 4). 
This forming process was visualized in Video 4. Considering 
the membrane compensation in such a short time, we 
thought that it was unlikely to remove a part of the plasma 
membrane domain consecutively each time at the same 
position. Most of the membrane that covered the shedding 
ectosomes might not be derived from the plasma membrane 
but rather from the intracellular membrane system. To 
have more shreds of evidence to support this hypothesis, we 
continued to search for different ways of ectosome release 
in glia cells. As the outcome, another type of ectosomes that 
might derive from the endomembrane system was observed 
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Figure 2 Microtubule disassembly stimulates ectosome release. Primary glial cells cultured on the glass-slide chamber were labeled with 
Fluo 4 (green) and ER tracker (blue) before live-cell imaging. The dynamic change was recorded by the time-series program set at 1-frame/
second; free Ca2+ flux into vesicles about 40 seconds later after colchicine treatment at the concentration of 30 μM. Time in seconds is shown 
on each frame in the figure. Ectosome were formed almost simultaneously near the edge of the cells and around the cells. A strong calcium 
signal was found in each ectosome (shown by arrows). It lasted about 3 minutes for the whole process from the formation to the final release 
of the ectosomes. The vesicles’ size was more prominent at the beginning (shown by arrows) and then shrunk into smaller ones before 
releasing. It lasted about one minute for the process of shrinking (58 to 120) and 1 minute (120 to 200) for the vesicles shedding from the 
plasm membrane. Scale bar: 20 μm.
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(Figure 4). A large number of ectosomes from the whole 
surface of a cell were released simultaneously after the 
stimulation of 30 μM colchincine. This type of ectosomes 
started from a small dot-like structure to a much bigger ball-
like shape upon the releasing process (Figure 4, arrows). In 
the releasing process, ectosomes were squeezed out from the 
cell surface and became bigger and bigger, and eventually 
pinched off to release (Figure 4, arrows, and Video 5).  
The total line-up area of the shedding vesicles might be 
more extensive than that of the cell’s plasma membrane 
(Video 5). This process was completely different from the 
one described as the plasma membrane shedding (Figure 2  
and Video 2). The vesicles were more prominent at the 

beginning and became smaller during release (Figure 3). 

Ectosomes might be directly derived from intracellular 
vesicles 

For getting a piece of directed evidence to show that 
ectosomes might be derived from intracellular vesicles, 
we labeled the cells with ER-tracker for live-cell imaging. 
Subcellular vesicles in the cells were very dynamic, even in 
the absence of extracellular stimulation. When we treated 
the cell with colchicines, a few of the vesicles labeled 
with ER-tracker jumped out of cells directly (Figure 5A). 
A similar phenomenon was also observed in the Fluo 4 
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Figure 3 Consecutive release of ectosomes at the same position from a cell surface. Primary glial cells labeled with Fluo 4 before live-cell 
imaging in the concentration of 30 μM colchicine. The Time-series program set at 1-frame/second was selected for the imaging. Ectosomes 
were bumped out soon upon colchicine’s stimulation from the same site of a cell (frame 35–48). Scale bar: 20 μm.
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labeled cells (Video 6). We further confirmed our findings by 
fixing the cells with 4% paraformaldehyde after colchicine 
treatment for ER marker staining. As shown in Figure 5B, 
Serca 3, a molecule expresses in ER was found both in the 
cells and in the ectosomes out of the cells. DIC image was 
used to show the cell boundaries. Some of the signals were 
located extracellularly.

We further prepared ectosomes by collecting culture 
medium from the cells treated with or without colchicine 
and labeled them with FITC-conjugated annexin V to 
show whether the ectosomes have the surface expression 
of PS like intracellular vesicles. As indicated in Figure 6A, 
only a few ectosomes were labeled with annexinV (Figure 
6A upper panel) when cells were not treated by colchicine. 
The number of Annexin V-positive ectosomes increased 
significantly after the treatment of colchicine. Some of 
the annexin-V ectosomes were NGF positive, which 
means that the ectosomes had a surface distribution of PS 
and contained NGF in the vesicle. Both of these signals 
shared the same characteristic as intracellular vesicles. The 

total number of ectosomes increased about ten times and 
annexin-V positive ectosomes increased more than 30 times 
after colchicine treatment (Figure 6B).

Discussion

The shedding of ectosomes is believed to result in removing 
small portions of the plasma membrane. To maintain the 
plasma membrane equilibrium during membrane turnover, 
cells are required to take measures for compensating 
the significant reduction of the cell surface by opposite 
changes in the area such as exosome release to regulate the 
membrane traffic (5) and to rework their plasma membrane 
area and surface tension for membrane strength to maintain 
a given size or shape (22). In some cells, the formation 
(Figure 1) and the release (Figure 2) of ectosomes appear to 
be separated into two processes: associated calcium increase 
was observed in the first step, and membrane shedding 
happened in the second step. The vesicles were much more 
prominent at the beginning and then became smaller. A 
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Figure 4 Ectosomes shedding from the whole surface of cells at the same time. Primary cultured glia labe cells labeled with Fluo 4 in 
neurobasal medium with 30 μM colchicine. The Time-series program set at 1-frame/second was selected for the imaging. Ectosomes were 
formed and released about 3 minutes later on the whole surface (frame 175–205). The entire process from the formation to the final release 
of the ectosomes took about 30 seconds. It started from a punctate structure on the cell’s surface and became bigger and bigger to pinch off 
the plasma membrane as a ball-like structure for the final release. Scale bar: 20 μm.

shrinking of the structure into a small one may present a 
packing process during the biogenesis of ectosomes. The 
whole process takes minutes to complete. In this case, a 
small part of the plasma membrane with the cytoplasm 
components was lost from the cell as the ectosomes release. 

In the case of a rapid release (Figure 4, Video 4), it takes 
less than one minute for the whole process of release. The 
removal of the membrane happened all at once in such a 

short time; the opposite process may not be fast enough for 
the membrane compensation, especially for the situation 
that ectosomes are generated from the whole surface of 
the cell at the same time (Figure 4). It appears that the 
vesicles squeeze from a “pore” on the plasma membrane 
and become bigger and bigger, keeping a rounded structure 
from the beginning to their release. The total area of 
ectosomes may be larger than the surface area of the cell. 

1 30 60 120 160

190185180175170

195 200 205 220 230



4611Quantitative Imaging in Medicine and Surgery, Vol 11, No 11 November 2021

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2021;11(11):4604-4616 | https://dx.doi.org/10.21037/qims-20-1015

Therefore, it is not reasonable to say that the plasma 
membrane shedding generates this type of ectosomes. 
These observations resonate with a previous report that 
ectopic overexpression of Caveolin-1 protein in Sf21 insect 
cells drives the accumulation of hundreds of cytoplasmic 
vesicles with the same diameter (50–120 nm) as native 
caveolae seen in mammalian cells [Figure 3E,F of (23)]. The 
expression of either caveolin α- or β-isoform results in the 
intracellular accumulation of a homogeneous population 
of caveolae-sized vesicles with a diameter between 50 and  
120 nm (80.3±14.8 nm),  which was confirmed as 

approximately 50–100 nm membranous structures by 
whole-mount electron microscopy (23).

In another aspect, several reports have shown that the 
contents of ectosomes usually include IL-2 (18) and other 
cytokines (19). These molecules have the signal peptides 
in their N-terminal so that they may be left in the lumen 
of the endoplasmic reticulum (ER) after translation but 
not in the cytoplasm. Usually, they are secreted into the 
extracellular environment by exocytosis or in the lumen 
of vesicles within the cells. The extracellular vesicles that 
contain the same components as the vesicles in the cell 

Figure 5 Ectosomes originated from the intracellular membrane. (A) Primary glial cells cultured in the chamber were stained with ER 
tracker before confocal imaging. The Time Series program was set to scan one image per second. When the Time series scanning time 
reached 30 seconds, colchicine was added to the chamber to make its final concentration 30 μm. After 20 seconds of colchicine treatment, 
vesicles with blue signals were observed to be released from the endoplasmic reticulum of cells (indicated by arrows). The number at each 
frame shows the number of seconds after scanning. (B) The cover-glass chamber cells were fixed and labeled with DAPI and anti-serca 3 
antibody after stimulating by colchicine for 20 minutes. DIC image was taken to show the cell boundaries. Serca 3 was found both in the 
cells and in the extracellular EVs. Scale bar: 20 μm. 
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gave us a hint that the source of ectosomes may be derived 
directly from intracellular vesicles. The intracellular vesicles 
maintain their integrity after getting out of the cell without 
fusion with the plasma membrane and without releasing 
their contents.

Furthermore, a negatively charged phospholipid PS 
is found almost exclusively on the plasma membrane 
inner leaflet in healthy cells. But many ectosomes that are 
recognized as shedding from the plasma membrane have a 

characteristic of surface expression of PS in host cell plasma 
membrane-derived vesicles as the immune mechanism 
against pathogen infection Trypanosoma cruzi  (24).  
Although the surface expression of PS on ectosomes may 
relate to TAT-5 phospholipid flippase activity and lipid 
phosphatidylethanolamine and associated PI3Kinase 
VPS-34, Beclin1 homolog BEC-1, DnaJ protein RME-
8, and the uncharacterized Dopey homolog PAD-1 (25), it 
cannot explain why these ectosomes have both the surface 

Figure 6 Some of the ectosome share the same characteristic as intracellular vesicles. (A) In the upper panel, ectosomes were collected from 
the culture medium without any treatment; in the bottom panel, ectosomes were collected from the culture medium after being stimulated 
with colchicine for 20 minutes. The ectosomes were first labeled with annexin-V and then with an anti-NGF antibody. The yellow arrows 
show the ectosomes labeled with both the annexin-V and NGF. The blue arrows show those ectosomes only labeled with annexin-V. (B) 
The total numbers of ectosomes were counted under the DIC image; green particles were counted for Annexin-V positive ectosomes; blue 
particles were counted for NGF positive ectosomes.
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expression of PS and cytokines as their contents (24). 
Intracellular vesicles are usually in a dynamic state. We 

can even observe the dynamic vesicle directly jump out of 
the cell for release (Figure 5A and Video 6). The finding of 
this type of vesicle release may mean that cytokines are also 
released in two different ways. One is secreted from cells by 
exocytosis, and the other is released in membrane-bounded 
vesicles. Whether the crucial cytokines and hormones like 
insulin have two forms of state in the bloodstream remain 
to be proved. 

Our data support the hypothesis that intracellular 
membranes or vesicles should be at least part of the 
membrane source of these ectosomes. According to 
the source of membranes (Figure 7), ectosomes can be 
divided into plasma membrane-derived ectosomes and 

intracellular membrane-derived ectosomes. Plasma 
membrane-derived ectosomes are slow in the generation 
and release. This vesicle’s size was more prominent at 
the beginning and much smaller after release (Figure 2). 
Intracellular membrane-derived vesicles are fast in the 
process of generation and release. Surface expression of PS 
and cytokines as their contents may act as the markers for 
intracellular membrane-derived ectosomes. If the model is 
correct, colchicine treatment should increase the proportion 
of Annexin-V positive EVs, which biochemically isolated 
EVs might be isolated from the culture medium and 
quantified. Such evidence for the presence of extracellular 
vesicles maintaining an intracellular orientation might 
provide the transition phase of the process; however, it 
seems that the quantified algorithm of such dynamic process 

Figure 7 Two models of different ways of ectosome release. The classical pathway for ectosome release can be divided into the formation 
stage and release stage. The cell plasma membrane domain protrudes and forms a bud on the cell’s surface at the formation stage. At the 
release stage, the budding vesicle formed by the plasma membrane, and the cytoplasm eventually pinches off and releases as the ectosomes. 
The membrane source of the ectosomes is the plasma membrane with the distribution of phosphatidylserine (PS) in the membrane’s inner 
leaflet (see the left pathway in the figure). The intracellular membrane originated ectosome is proposed, as shown in the right pathway in 
the figure. When the cell receives the stimulating signals from the intracellular or extracellular environment, the cell’s dynamic vesicles 
may directly break the plasma membrane’s barrier. This type of ectosome release is generally faster than that of the classical pathway for 
ectosome release. The membrane of this type of ectosome is originated from the intracellular vesicles with the distribution of PS on the 
outer membrane of the exosomes (see the right pathway in the figure). 
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of EVs-traffic has not yet fruitfully matured for dynamic 
transitions; however, the imaging of phase transitions in 
living cells (26) might be relevant. In fact, some slow-
motion video-imaging could show that the puncta observed 
“extracellularly” are indeed outside of the cells and not 
belonging to some protrusions. It is unclear why such 
releasing response is related to the sizing of EVs. Tracking 
patients’ EV-releasing-responses to therapeutics over time 
might shed light on this issue and has implications for 
predicting disease severity and adjusting the therapeutic 
dosage and drug delivery timing.

Our data nonetheless provide new insights into the 
process of ectosome release and a reasonable explanation 
of the different sources of ectosomes and their contents. 
These observations have implications for human diseases, 
diagnostics, and drug delivery (27). E.g., epithelial-
mesenchymal transition (EMT) is closely associated with 
the development of drug resistance to a combination of 
simvastatin and paclitaxel for cancer, as simvastatin can 
disrupt lipid rafts (cholesterol-rich domains) and suppress 
integrin-β3 and focal adhesion formation, suggesting that 
inhibiting FAK signaling pathway re-sensitizes the drug-
resistant cancer cells to paclitaxel (28). Simvastatin re-
polarizes tumor-associated macrophages (TAM), promoting 
M2-to-M1 phenotype switch via lipid-rafts-cholesterol-
associated LXR/ABCA1 regulation. The TAM-repolarization 
increases TNF-α but attenuates TGF-β, which, in turn, 
remodels the tumor microenvironment and suppresses 
EMT. Thus, such an engineer-designer EV formulation 
can enhance treatment efficacy. Upon that single-cell 
transcriptomes reveal the mechanism for a breast cancer 
prognostic gene panel (29), we can combine the GPS imaging 
systems (30) to track down subclonal migration and growth 
(31) with therapeutic EV delivery to control cancer subclonal 
progression (32) with subclone-specific therapeutics (33). 
These implications remain to be elucidated clinically. 
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