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Introduction

Microparticles and exosomes are small vesicular fragments 
of cell membrane which are released from activated and apop-
totic cells. Microparticles (MPs) range in size from 0.5-1.5 µm, 
and exosomes are 0.5 µm and under (4). For the purposes of this 
article we will refer to both categories as microparticles. They 
differ from apoptotic bodies based on their smaller size, intact 
structure, and lack of degraded nuclear material (11). MPs have 
been shown to be released from a variety of cell types including 
platelets, endothelium, vascular smooth muscle cells, dendritic 
cells, and tumor cells (9). Jimenez (5) and others have shown that 
based on the stimulus and cell type the MPs released are both 
quantitatively and phenotypically distinct. More recent data have 
shown the proteomics of MPs released from human umbilical vein 
endothelial cells differ dependent on whether they are stimulated 
with PAI or TNF-α (10). 

MPs are rapidly becoming recognized as both a biomarker of 
disease and health, as well as representing a new signaling para-
digm in the vascular system. For these reasons it is necessary to 
develop methodologies by which to consistently and specifically 
isolate MPs and examine their contents and structure. Therefore, 
we have developed a method to isolate and visualize, by transmis-
sion electron microscopy (TEM), purified populations of MPs 
from pulmonary endothelium and breast cancer cells. 
Materials and Methods
Isolation of Microparticles

Pulmonary endothelial cells and MDA-MB-231 human 

breast cancer cells were grown to confluence on 100 mm dishes 
in DMEM/10%FBS/5%Pen-strep. All media was collected and 
centrifuged at approximately 100 × g (clinical centrifuge) to 
remove dead cells and cellular debris. The supernatant was 
then ultracentrifuged (Beckman L8-70M, rotor TY50, Beckman 
Coulter, Fullerton, CA) at 100,000 × g for 45 minutes at 4°C. The 
resulting supernatant was discarded or alternatively used as a 
depleted control for functional experiments. The MP pellet was 
re-suspended in serum free media.
Flow Cytometry

MPs were suspended in 1 mL of either serum free media or 
PBS and subjected to flow cytometry on a FACS Vantage SE with 
Diva option by Becton Dickinson (San Jose, CA). For FACS size 
determination, the flow cytometer was calibrated before each run 
with 1 µm and/or 0.5 µm Fluoresbrite plain microspheres calibra-
tion beads in PBS (Polysciences Incorporated, Warrington, PA). 
Included in each tube for FACS analysis were 50 µL CountBright 
Beads (7 µm diameter, Molecular Probes, Eugene, OR).
Transmission Electron Microscopy

MPs were pipetted onto Nunc 10 mm 0.4 micron polycarbon-
ate membranes (Electron Microscopy Sciences, Hatfield, PA) in 
sterile plates and placed in a humidified incubator for 48 hours. 
The media was then gently removed and replaced, on both the 
top and bottom of the filter, with the fixative 3% glutaraldehyde 
in cacodylate buffer. After cutting out the filters, the specimens 
were washed in cacodylate buffer, and then post-fixed in osmium 
tetroxide for 30 min. MPs were rinsed in buffer and then dehy-
drated in a graded alcohol series. Specimens were embedded in 

Figure 1. MDA-MB-231 human breast cancer cell in suspension. Note 
the surface projections, which are finger-like (inset). Compare this cell to 
the one in Figure 2, which is activated and producing MPs.

Figure 2. This transmission electron micrograph shows a MDA-
MB-231 human breast cancer cell in a distal small vessel in the lung (rat). 
Note the rounded projections coming off of the surface of the tumor cell. 
Some of these protrusions ultimately form MPs. Also in the vessel, you can 
see separate free-floating MPs that could carry the components in the MP 
to distant areas of the body.
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PolyBed 812 (Polysciences, Inc., Warrington, PA). Thin sections 
(80 nm) were cut with a diamond knife and stained with uranyl 
acetate and lead citrate. Specimens were viewed and photographed 
in a Philips CM100 transmission electron microscope (FEI Com-
pany, Hillsboro, OR). 

Cells in culture were fixed in 3% glutaraldehyde in cacodyl-
ate buffer, and processed similar to the isolated MPs described 
above. Tissue (lungs) were fixed in 3% glutaraldehyde in caco-
dylate buffer by immersion and then processed similar to that 
described above. 
Results/Discussion

Unstimulated cells have their own characteristic surface 
contours. Some cells, such as MDA-MB-231 human breast cancer 
cells, have relatively numerous small projections under baseline 
conditions (Figure 1). Endothelial cells have fewer projections 
than tumor cells (7). When cells are stimulated, areas of their 
surfaces change to bulbous projections that appear to be released 

in the form of MPs. This occurs in tumor cells (Figure 2) and 
endothelial cells (6). This phenomenon results in the release of 
MPs of plasmalemmal or endocytic origin, dependent on the 
stimulus, which contain proteins, mRNA, or microRNA. Release 
of MPs from cells associated with the circulation, such as the 
endothelium or metastatic cancer, allow the particles to continue 

through the circulation with the blood flow, and thus 
carry the MP and its cellular components to distant 
sites (Figure 2). This communication method is cur-
rently being studied in the settings of cancer metastasis 
and pulmonary diseases such as acute lung injury and 
pulmonary hypertension (1-3). 

Isolating purified MPs is key to further analysis 
by flow cytometry and experiments designed to deter-
mine their physiological or pathological function. Our 
starting materials are purified cell populations; how-
ever, other groups have utilized cell surface markers to 
identify populations of MPs from vast cellular origins 
in plasma. In collecting MPs from our culture media 
we found that it is necessary to begin with at least 4×106 
endothelial cells, but only 2×106 cancer cells, to achieve 
numbers of MPs necessary for continued physiologic 
or pathologic studies. As we had suspected, cancer 
cells release significantly increased numbers of MPs 
under constitutive cell culture conditions as compared 

to endothelium. 
Factors important for flow cytometry include proper size 

gating based on known parameters and enumeration of the MP 
population. We used Fluoresbrite microspheres to calibrate the 
FACS Vantage SE with Diva option flow cytometer. Included in 
each sample run were CountBright counting beads of known 
concentration and 7 µm diameter, which we were able to isolate 
as an independent population from our MPs. Since MPs are 
considered to be 1 µm and under, our size gate was based on a 
1 µm bead and we considered counting any particle under that 
gate as an MP (Figure 3). 

TEM can be utilized to examine MPs from cells in suspension 
(Figure 1), cells grown on membranes (6, 8), and cells/tissues in 
vivo (Figure 2). TEM confirms the presence of the isolated MPs 
(Figure 4) and allows for analysis of the substructure, as well 
as localization of proteins with quantum dots (6, 8). For TEM 

analysis of isolated MPs, several factors 
are important. First, due to their small 
size, it is necessary to give the MPs a 
substratum upon which to settle in order 
to prepare them properly for EM. The 
Nunc polycarbonate membranes pro-
vide a support for the MPs during pro-
cessing for TEM. Since the quantity and 
size of the MPs is small, having a pellet 
of them to process for TEM is imprac-
tical. To prepare a sample for TEM the 
specimen must be visible grossly during 
changes of liquids, during embedding, 
and during sectioning. The membrane 
provides a matrix that can be visualized 
during the processing of the specimen 

for TEM and the cutting for ultrastructural examination. Note 
that the MPs must be allowed to settle on the membrane for at 
least 24-48 hours for them to attach well enough to survive the 
processing steps.

Figure 3. Flow cytometry analysis of microparticles from breast cancer cells (MDA-
MB-231). P1 represents the population gating on calibration beads of 1 µm diameter. P2 
represents the population gating on 7 µm CountBright counting beads. MPs are defined 
as the population under 1 µm.

Figure 4 (Left) The transmission electron micrograph shows microparticles from normoxic rat 
pulmonary microvascular endothelial cells (MVECs) that have settled on the polycarbonate membrane 
(bottom of the image). Note the preserved ultrastructural detail in this microparticle from MVECs in 
hypoxia (right). 
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Ultrastructural detail is well preserved with the method de-
scribed here. MPs vary from round profiles to oval/cigar-shaped 
profiles in thin sections (Figure 4a). The internal structure is easily 
seen in some sections (Figure 4b). Studies are underway to deter-
mine the protein components in MPs. Quantum dots have recently 
been utilized to identify proteins on the MP surfaces (6, 8).

This study has established the methods needed for MP 
isolation from cells (tumor cells and endothelial cells) in culture 
and ultrastructural analysis by TEM. Now experiments can be 
performed to address the proteins and messages in the MPs, and 
how they function in physiology and pathophysiology.   
Acknowledgments

We thank Freda McDonald for the EM expertise and Adrian 
Hoff for assistance with the micrographs. We would also like to 
thank Bryant Hanks and Dr. Raymond B. Hester for their techni-
cal assistance with flow cytometry.

Grants – This work was supported by grants from the Ameri-
can Heart Association 065377B (King), P20 MD002314 (King), 
0765413B (Bauer), 0765421B (Moore) and Parker B. Francis 
Fellowship (Bauer and Moore).
REFERENCES
1.	 Amabile N, Heiss C, Real WM, Minasi P, McGlothlin D, Rame EJ, 

Grossman W, De Marco T, and Yeghiazarians Y. Circulating endothelial 
microparticle levels predict hemodynamic severity of pulmonary hyperten-
sion. Am J Respir Crit Care Med 177: 1268-1275, 2008.

2.	 Densmore JC, Signorino PR, Ou J, Hatoum OA, Rowe JJ, Shi Y, Kaul 
S, Jones DW, Sabina RE, Pritchard KA, Jr., Guice KS, and Oldham KT. 
Endothelium-derived microparticles induce endothelial dysfunction and 
acute lung injury. Shock 26: 464-471, 2006.

3.	 Hao S, Ye Z, Li F, Meng Q, Qureshi M, Yang J, and Xiang J. Epigenetic 
transfer of metastatic activity by uptake of highly metastatic B16 melanoma 
cell-released exosomes. Exp Oncol 28: 126-131, 2006.

4.	 Hugel B, Martinez MC, Kunzelmann C, and Freyssinet JM. Membrane 
microparticles: two sides of the coin. Physiology (Bethesda) 20: 22-27, 2005.

5.	 Jimenez JJ, Jy W, Mauro LM, Soderland C, Horstman LL, and Ahn YS. 
Endothelial cells release phenotypically and quantitatively distinct mic-
roparticles in activation and apoptosis. Thromb Res 109: 175-180, 2003.

6.	 King J, Agarwal S, Syklawer E, Prasain N, Chen H, Resmondo J, Mc-
Donald F, Bauer N, Alvarez D, Wu S, Stevens T, Shevde L, Moore T, 
and Townsley M. Quantum dots - utilization in TEM. Microsc Microanal 
14(Suppl 2): 702-703, 2008.

7.	 King J, Hamil T, Creighton J, Wu S, Bhat P, McDonald F, and Stevens T. 
Structural and functional characteristics of lung macro- and microvascular 
endothelial cell phenotypes. Microvasc Res 67: 139-151, 2004.

8.	 King J, Syklawer E, Chen H, Resmondo J, McDonald F, Stevens T, Shevde 
L, Ofori-Acquah S, Moore T, and Bauer N. Lung endothelial cells express 
ALCAM on released exosomes/microparticles. Microsc Microanal 14(Suppl 
2): 1520-1521, 2008.

9.	 Koga K, Matsumoto K, Akiyoshi T, Kubo M, Yamanaka N, Tasaki A, 
Nakashima H, Nakamura M, Kuroki S, Tanaka M, and Katano M. Pu-
rification, characterization and biological significance of tumor-derived 
exosomes. Anticancer Res 25: 3703-3708, 2005.

10.	Peterson DB, Sander T, Kaul S, Wakim BT, Halligan B, Twigger S, 
Pritchard KA, Jr., Oldham KT, and Ou JS. Comparative proteomic analysis 
of PAI-1 and TNF-alpha-derived endothelial microparticles. Proteomics 8: 
2430-2446, 2008.

11.	Thery C, Boussac M, Veron P, Ricciardi-Castagnoli P, Raposo G, Garin J, 
and Amigorena S. Proteomic analysis of dendritic cell-derived exosomes: 
a secreted subcellular compartment distinct from apoptotic vesicles. J Im-
munol 166: 7309-7318, 2001.

Setting the Standard for RF Plasma Ashing 
and Removal of Carbon inside your SEM 

EASY TO USE - Preprogrammed conditions, 
starts with chamber re-evacuation.

  
1755 East Bayshore Rd, Suite 17 
Redwood City, CA 94063 
(650) 369-0133, FAX (650) 363-1659     
email:sales@Evactron.com 
                          www.EVACTRON.COM




EASY TO 
MONITOR USAGE - 
Serial interface to 
Computer makes 
available an event log 
to correlate clean 
images with usage. 

EXCELLENT
IMAGES -  
Improves 
Resolution 
and Contrast 
on existing 
tools.

10/13 08:18:50 |---System reset             
               |   |--- Power cycle 10/13/2008 08:18:44 
10/13 08:18:54 |---Disabled                 
10/13 08:19:06 |---Ready                    
10/13 08:19:16 |---Cleaning Process         
10/13 08:19:16 |   |---Process parameters       
               |   |   |--- Purge: Disabled 
               |   |   |--- Total cycles: 1 
               |   |   |--- Plasma duration: 00:10:00 
               |   |   |--- Purge duration: --:--:-- 
               |   |   |--- Ignition pressure: 4.0e-01 Torr 
               |   |   |--- Plasma pressure: 4.0e-01 Torr 
               |   |   |--- Plasma power: 12.0 Watts 
               |   |   |--- Purge pressure: 1.0e+00 Torr 
10/13 08:19:16 |   |---Cleaning cycle           
10/13 08:19:16 |   |   |---Stabilizing pressure    
10/13 08:19:26 |   |   |---Wait for ignition       
10/13 08:19:28 |   |   |---Cleaning                
10/13 08:29:28 |   |---Pump down                
10/13 08:30:06 |---Ready                    
10/14 08:35:14 |---System reset             
               |   |--- Power cycle 10/14/2008 08:35:10 
10/14 08:35:18 |---Ready                    
10/14 08:35:28 |---Cleaning Process         
10/14 08:35:28 |   |---Process parameters       
               |   |   |--- Purge: Disabled 
               |   |   |--- Total cycles: 1 

MICROSCOPY TODAY March 2009  n  45

ABKing.indd   3 02/28/2009   12:28:01 PM

https://doi.org/10.1017/S1551929500054493  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1551929500054493

