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Multiparametric flow cytometry: a relevant tool for sperm function evaluation
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Abstract

Nowadays in human and animal andrology
flow cytometry is recognized as a robust tool for the
evaluation of sperm quality and function. However, in
this particular field, this technique has not reached the
sophistication of other areas of biology and medicine. In
recent years more sophisticated flow cytometers are
being introduced in andrology laboratories, and the
number of tests that can be potentially used in the
evaluation of the sperm physiology has increased
accordingly. In this review recent advances in the
evaluation of sperm will be discussed; representing new
techniques in flow cytometry, many of them able to
measure simultaneously, in a single test, different
degrees of damage in different sperm regions and/or
changes in functionality.
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Introduction

The ultimate goal of semen analysis is to
determine the fertility of a sire; depending of individual
value of each sire, semen analysis may determine
whether a sire is simply eliminated as a semen donor, or
will receive treatment to improve his fertility. While the
definitive proof of fertility is the offspring born from the
sire, robust laboratory test are needed. Fertility trials are
expensive and time consuming, moreover while in
particular species such as pigs and bulls can be relatively
easy to perform, in other species this may result much
more complicated. Understanding sperm function is an
absolute  pre-requisite ~ for  fertility = evaluation.
Spermatozoa are terminal fully differentiated cells, with
functions that ought to be expressed at specific time
intervals, and also have to be able to support dramatic
changes in their environment in their journey from the
tail of the epididymis to the oviduct. Moreover must have
the capacity to readily respond to specific signals
originated in the female genitalia. In a landmark paper by
Amann and Hammerstedt (1993) the complexity of
sperm evaluation was clearly underlined, and addressed
the need to evaluate the multiple functions and attributes
that the spermatozoa must fulfill to reach and fertilize
an oocyte. More recently the discovery of the
heterogeneous nature of the ejaculate may introduce the
need to develop methods to identify the fertilizing
population within a given sample. Classical sperm
evaluation implies in most circumstances the evaluation
of single attributes, i.e. morphology, sperm number,
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subjective motility. More recent developments, like
CASA evaluates attributes such as sperm velocities that
shall depend of the correct function of different sperm
attributes, i.e. adequate source of energy and fully
functional metabolic pathways. However evaluation of
multiple attributes with a single or few tests is not
common practice yet.

Flow cytometry in sperm evaluation

One important aspect of sperm evaluation is to
born in mind the representativeness of the sample
analyzed with respect of the whole ejaculate. In this
respect, has been determined that several thousands of
spermatozoa is preferred for the sperm analysis,
unfortunately conventional semen analysis usually
evaluates a few hundred sperm, and even more
elaborated analysis, involving fluorescence microscopy
and computer assisted sperm analysis, share the same
limitation. Flow cytometry was introduced in semen
analysis back in the late 70s early 80s. When
introducing the terms “flow cytometry and sperm” in
PubMed (http://www.ncbi.nlm.nih.gov/pubmed) 1839
papers result, with the first two ones published in 1977
(van Dilla et al., 1977) and 1978 (Meistrich et al., 1978).
Flow cytometry allows a better representation of the
sample analyzed, at least numerically, since with this
technique is easy to evaluate many thousands of
spermatozoa in a few seconds. Since the early use of
flow cytometry for DNA analysis, fluorescent methods
were introduced in the 90s to monitor membrane
integrity, and more recently mitochondrial membrane
potential, oxidative status, membrane fluidity and
permeability, lipid peroxidation, and tyrosine
phosphorylation of sperm proteins, among other assays,
have been developed (Pefia et al., 2005b; Pefia, 2007;
Ortega Ferrusola et al., 2009a, b). Recent reviews
(Martinez Pastor et al., 2010; Petrunkina and Harrison,
2011, 2013) have addressed flow cytometry techniques
currently in use in veterinary andrology, and the reader is
referred to them; here we will focus in new possibilities
that flow cytometry offer for the simultaneous evaluation
of different sperm compartments and functions.

Multiparametric flow cytometry

Multicolor analytical approaches are widely
used in different fields of medicine and biology. If these
procedures could be adapted to sperm assessment,
multiple attributes on individual sperm cells could be
rapidly evaluated. This will also introduce a solution to
one the major drawbacks that historically has had sperm



Qo

Pefia. Multicolor flow cytometry.

evaluation, the problem of not being able to test multiple
attributes simultaneously at the single cell level. Two to
three lasers systems have become more affordable, and
now are entering in the andrology laboratories. It has
been proposed that this systems would allow
simultancous assessment of all major parameters
covering the route to fertilization provided that careful
selection of probes, correct optical configuration and
accurate multicolor compensation are introduced
(Petrunkina and Harrison, 2011). Equipment having three
excitation lasers has been recently incorporated to the
laboratory of the author (MACSQuant Analyzer 10,
Miltenyi, Biotech, Bergisch Gladbach, Germany). This is
a compact flow cytometer equipped with violet
(Excitation wavelength 405 nm), blue (Excitation
wavelength 488 nm) and red (Excitation wavelength 635
nm) lasers, and 8 photomultiplier tubes plus FSC and
SCC detectors. The excitation and emission wave lengths
that this system provides, allows the use of combinations
of probes that can assess simultaneously multiple
parameters in a large number of spermatozoa (usually
>40,000). Two panels (and combinations) are now
routinely used in our laboratory to measure
simultaneously membrane integrity, functional changes
in membrane permeability and mitochondrial membrane
potential or oxidative stress, and at the same time gate out
debris easily. Other panels are designed to determine
simultaneously membrane integrity, caspase activity and
mitochondrial membrane potential or oxidative stress.
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The first panel involves the use of Hoechst 33342,
propidium iodide or ethidium homodimer, YoPro-1 and
Mitotracker deep Red or CellRox Deep Red reagent.
Hoechst 33342 can be excited with the violet laser,
YoPro-1 and ethidium homodimer are excited with the
blue laser and Mitotracker deep red is excited with the
red laser. Correct compensation for spectral overlap is
critical in multicolor protocols; unstained and single
stained controls are mandatory. The first advantage of
this combination of probes is that “alien” particles can
be easily gated out from the analysis. Only Hoechst
33342 positive events are considered spermatozoa,
avoiding errors inherent to gating decisions based in
FSS and SCC characteristics. Multiple dot plots can be
created, a dot plot combining Hoechst 33342 with
propidium iodide or Ethidium homodimer can be used
to determine the percentage of live and dead
spermatozoa in the sample, being an alternative to the
traditional use of SYBR-14/PI. Combinations of YoPro-
1/propidium iodide and Hoechst 33342/YoPro-1 can be
used to detect changes in membrane permeability; these
variations may be related either to early sperm damage
or being capacitation related changes. Finally
mitochondrial membrane potential is assessed with
Mitotracker deep Red, or oxidative stress assessed with
Cell Rox Deep red reagent. Hierarchical gating can be
applied to determine, for example, sources of reactive
oxygen species (ROS) in specific sperm populations. An
example of one of these panels is given in Fig. 1.
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Figure 1. Example of a multicolor panel for simultaneous evaluation of different sperm parameters. Spermatozoa are stained
with Hoechst 33342, YoPro-1, Propidium Iodide and Mitotracker deep Red. In the upper right dot plot information of the
percentage of live spermatozoa are given thanks to the combination of Hoechst 33342, that identifies DNA bearing particles
(spermatozoa) and Propidium Iodide (PI) that only stains dead sperm. Changes in membrane permeability are detected with
YoPro-1 in combination either with PI or Hoechst allowing to detect spermatozoa in a early stage of membrane
destabilization, finally the percentage of spermatozoa depicting active mitochondria are detected using Mitotracker deep red.
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Additional markers can be incorporated to
these panels, for example specific antiphosphotyrosine
antibodies labeled with krome orange or pacific orange
and detection in the V2 channel (405/525-50) and/or a
calcium yellow sensor (488/585-40) can be incorporated
to be detected in the B2 channel to asses sperm
capacitation.

This panel only represents an example of the
multiple combinations that multiparametric flow
cytometry offers. Potential combinations of fluorophores
and panels have been recently published (Petrunkina and
Harrison, 2013)
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available in the market (www.lifetechnologies.com).
These dyes are available in multiple colors easily
allowing multicolor experiments. These assays are based
on the reaction of a fluorescent reactive dye with cellular
amines. The reactive dye can permeate the compromised
membranes of the necrotic cells and react with free
amines both in the interior and on the cell’s surface
resulting in intense fluorescent staining. In contrast only
the cell surface amines of the intact cells are available to
react with the dye resulting in relatively dim staining.

The discrimination is completely preserved
following fixation of the sample by formaldehyde under
conditions that inactivate pathogens. Moreover this
assays use only one channel of the flow cytometer
leaving the other channels available for multicolor
panels.
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Figure 2. Example of a fixable dye protocol, sperm was stained with Live Dead fixable dye and mitotracker deep red. This
assay allows to determine the subpopulation of live spermatozoa, with high mitochondrial membrane potential,

represented in Q2.
Cell sorting; not only for sexing?

The theory of the existence of sperm
subpopulations within the mammalian ejaculate is
gaining growing consensus within the scientific
community (Abaigar et al, 1999, 2001; Quintero-
Moreno et al., 2003; Martinez et al., 2006). The
mammalian ejaculate is a heterogeneous group of
different sperm subpopulations showing different
responses to physiological or biotechnological stimuli
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(Abaigar et al., 1999; Martinez-Pastor et al., 2005),
motility patterns (Quintero-Moreno et al., 2003, 2004;
Ortega-Ferrusola et al., 2009c) and even different
morphometric characteristics (Thurston et al., 2001;
Nunez-Martinez et al., 2005, 2007; Pefia et al., 2005a).
In many species semen is ejaculated in fractions, where
spermatozoa are embedded in the secretions of the male
accessory glands, in variable numbers, with variable
amounts of fluid and, probably proteins, in each fraction
(Rodriguez-Martinez et al., 2008). This heterogeneity in
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the composition of seminal plasma affects sperm
function, as has been demonstrated in vitro (Caballero et
al., 2004; Rodriguez-Martinez et al., 2008; Saravia et
al., 2009). However once the ejaculate is deposited in
the female genital tract, the spermatozoa losses contact
with the seminal plasma, and are exposed to different
environments within the female genitalia. Using the
boar species as model, and in experiments performing
heterospermic inseminations (Satake et al., 2006), the
role of the presence of sperm subpopulations in sperm
selection has been disclosed. When spermatozoa from
two or more boars are mixed and females inseminated
the resulting litters are skewed in favor of one male.
Bicarbonate responsiveness varies among sperm
subpopulations between males, and specific oviductal
proteins modulate this response. This mechanism selects
sperm subpopulations to reach the oocytes for
fertilization. All these scientific evidences provide an
explanation of why the overall correlation with fertility
is usually low when laboratory test of sperm function
that ignore the sperm subpopulation structure are
performed (Rodriguez-Martinez, 2003; Holt and Van
Look, 2004). One of the potential roles of this sperm
subpopulation structure may be a mechanism to help the
fertilizing subpopulation of spermatozoa to avoid the
immune response of the female while the immune
system focus in redundant sperm. Recent research
suggests that spermatozoa presenting phosphatidylserine
(PS) translocation are preferentially phagocytized; in
this way intact spermatozoa have greater possibilities to
reach the oocyte for fertilization. Based in the
assumption of the existence of a specific fertilizing
group of spermatozoa in the ejaculate, recent studies
have tried to identify this specific subpopulation and
develop techniques for its selection based in flow
cytometry (Sousa et al., 2011; Ribeiro et al., 2013).
Sousa et al. (2011) used as sorting criteria the
spermatozoa showing active mitochondria, and found
that this defined a more functional population, with
lower chromatin damage and sperm more able to
decondense and participate in early embryo
development. Furthermore flow cytometry cell sorting
was better that traditional swim up for sperm selection.
In another experiment Ribeiro et al. (2013) used the
YoPro-1 staining as sorting criteria, the subpopulation
selected was YoPro-1 negative spermatozoa. Using this
approach dead and apoptotic spermatozoa were
removed, and compared with traditional swim-up
techniques the sorted viable population showed a
significantly reduced population of spermatozoa with
fragmented DNA. Although these techniques may be
difficult to implement in production animal practices,
may deserve consideration in cases of subfertility in
animals of high individual value.

Concluding remarks

Flow cytometry has been in use for sperm
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analysis from the early 90s, first as a research tool and
later introduced in large Al centers; initially most flow
cytometers used a single source of excitation (normally
a blue laser). More recently more sophisticated
equipment has become available in veterinary andrology
labs allowing multiple sources of excitation and
detection of a large number of parameters. The
development of assays that can evaluate simultaneously
multiple sperm compartments and functions in a large
number of cells shall improve sperm evaluation and
establish better correlations with field fertility.
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