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Editorial

In 1980 Sydney Brenner proclaimed “Progress in science
depends on new techniques, new discoveries, and new ideas,
probably in that order”, but this was not a novel concept. For
decades people have understood the biosciences are not
merely hypothesis-led but are driven as much by technological
developments. New tools and technologies are essential in
advancing modern biology, allowing lines of investigation that
otherwise remain inaccessible.

One of these technological advances occurred over 40 years
ago with the development of the flow cytometer. Flow cytometry
is an increasingly widespread cellular analysis technique owing
its popularity to the rapid, multi-parametric analysis capabilities
whilst retaining information at the single cell level. Immunology
is one of the focal areas revolutionized by this technology,
allowing cells to be probed and sub-categorised by their cell
surface phenotype and function.

One area which has recently found interest in wider areas of
immunology is the analysis of extracellular vesicles, to understand
the role they play in many systems. Not a new discovery, these
extracellular vesicles have historically been identified as platelet
dust in microscopy and rejected as cellular debris in flow
cytometry [1,2]. However, sub-categories of these extracellular
vesicles are now being identified as potential biomarkers.

Although nomenclature is used somewhat ambiguously in the
literature, a review article by Gyorgy et al. [3] outlined the broad
classification commonly accepted, defining three categories of
extracellular vesicles originating from cells: exosomes (<0.1 pm
diameter), microvesicles (0.1 - 1.0 pm diameter), and apoptotic
bodies (>1.0 pum diameter); each of which have different
biological impact [4, 5]. Exosomes are derived from exocytosis
of intracellular multi-vesicular bodies, whereas both MV and
apoptotic bodies arise from the plasma membrane of activated
and apoptotic cells. The subject has been discussed in detail in an
excellent review by Gutierrez-Vazquez et al. (2013).

Determining the role MVs play in disease states is of
increasing interestinresearch and clinical settings as they contain
cytoplasmic content and surface markers from the originating
cell. Furthermore, the high mobility of MVs within the body
implicates them as potentially important biomarkers in early

disease states, and/or markers potentially indicative of treatment
progression. Microvesicles are understood to be mediators in cell
communication, through cytokine release and cell-interaction,
to the degree of membrane-fusion leading to horizontal cell
transfer of bioactive molecules. First documented functionally
relevant in pre-eclampsia, microvesicles are now believed to play
fundamental roles in a wide range of processes, including tumour
progression and metastases, stem-cell expansion and renewal,
coagulation, through to rheumatic diseases and inflammation [6-
11].

At first glance using conventional flow cytometry (cFCM)for
investigating the importance of the biology behind MVs appears
to be an obvious extension of cellular analysis, due to the cellular
origin of microvesicles and the same analysis requirements of
as of cells. However, there are growing concerns using cFCM for
analysis of MVs due to error-sources in sample collection through
to physical limitations of detection.

Conceptually we cannot ignore the fact that cells and MVs
are not one of the same thing, due to the drastic size difference
between cells and MVs it is slowly becoming accepted that cFCM
is not an appropriate technique for the analysis of MVs [12, 13].
Although a remarkable technology, there are many concerns
in cFCM which make this a suboptimal technique for analysis
of MVs. Following is a brief outline of the greatest concerns
currently facing small particle flow cytometry.

The use of polymer beads as a standardization is one of the
most basic necessities, as without standardization confidence
in data reproducibility is not possible. This polymer bead
standardization becomes a fundamental concern as is it is
understood that a bead may scatter up to 100 times more light
than a MV, so if we can detect a 0.1 micron diameter polymer
bead by light scatter it does not mean we can detect an equivalent
size MV. This would imply that cFCM is not comprehensive in MV
analysis but actually only analysing a proportion of the larger
vesicles [14,15].

Notjustlarger vesicles are being identified though, as another
concern is over coincidence event detection. This is where small
individual MVs would go undetected but due to close proximity
in passing the optics of the flow cytometer, multiple MVs are
acknowledged as a single event [16].

Finally from a technology standpoint, in cFCM we typically
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identify an event when light scatter is detected above the
threshold in the forward scatter parameter. In small particle
flow cytometry and microbial flow cytometry there are physical
reasons for identifying events when light scatter is detected
above the threshold in the 90°angle (side scatter) parameter,
but if such small particles do not create light scatter detected
above the threshold then the option of identifying events by
fluorescence is also available [17].

The combination of technology identifying fluorescence
as a more sensitive detection, and the initial credence where
due to the formation process that all MVs should have exposed
phosphatidylserine (PS), studies suggested fluorescence would
be a better parameter for identification through detection of
fluorescently labelled Annexin V binding to the exposed PS.
However it is undetermined whether fluorescence or light scatter
is a better method for detecting MV events by FCM, as there is
now convincing evidence that not all MVs are Annex in V positive
[18]. Currently there is no all-encompassing MV-stain of which
to identify events by fluorescence. So while some MV analysis
would be more suited for fluorescence detection there would be
sub-populations which may not be detected using this method. It
may be that depending on the application this will determine if
fluorescence or scatter detection is superior.

As hinted at above, technology capabilities are not the
only concern in MV analysis, there are mounting concerns
over protocol standardization and defining pre-analytical and
analytical variables which impact the analysis also. These include
sample collection: phlebotomy technique; needle gauge; position
of tourniquet; sample handling: vortexing and centrifugation
conditions; and potential false positives from confounding
reagent particulate and antibody aggregates. This is of real
importance as the manner in which these, what may appear to
be trivial, protocol steps are carried out can lead to a significant
change in MV numbers [19].

Currently there are no good answers to these analysis issues,
to date there is no gold standard in MV analysis. There are many
instrument developments which may lead to a gold-standard
though, including modifications of cFMC such as optimizing
detection angles of scatter collection [20, 21] and full spectrum
detection leading to improving instrument sensitivity [22]. To
further this, new instrumentation are being developed and tested
for improved detection and high throughput, individual scrutiny
of these extracellular vesicles [14,23,24].

Although certainly not comprehensive in detection
capabilities, it appears correlations show cFCM is a useful tool
in the analysis of MVs. Researchers are working on new and
improved technologies to more accurately analyse particles of
this size, but until a better standardis confirmed then researchers
much step carefully in overstating their findings when analysing
extracellular vesicles using conventional flow cytometry.
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