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Abstract
Purpose We studied the quality differences between the different hypo-osmotic swelling test (HOST) classes, as measured by
criteria of DNA fragmentation, DNA decondensation, and nuclear architecture. The aim was to find particular HOST classes
associated with good-quality metrics, which may be potentially used in ICSI (intra-cytoplasmic sperm injection).
Methods Ten patients from the Department of Reproductive Medicine at Tenon Hospital (Paris, France) were included. Their
semen samples were collected and divided into two fractions: one was incubated in a hypo-osmotic solution as per HOST
protocol and sorted by sperm morphology, and a second was incubated without undergoing the HOST protocol to serve as an
unsorted baseline. Three parameters were assessed: DNA fragmentation (TUNEL assay), DNA decondensation (chromomycin
A3 assay), and nuclear architecture (FISH, with telomeric and whole chromosome painting probes). The different HOST classes
were evaluated for these three parameters, and statistical analysis was performed for each class versus the unsorted non-HOST-
treated sperm. Results with p<0.05 were considered statistically significant.
Results For each of the parameters evaluated, we found significant differences between HOST-selected spermatozoa and non-
selected spermatozoa. Overall, spermatozoa of HOST classes B and B+ exhibited the highest quality based on four metrics (low
DNA fragmentation, low DNA decondensation, short inter-telomeric distance, and small chromosome 1 territory area), while
spermatozoa of HOST classes A and G exhibited the poorest quality by these metrics.
Conclusion In addition to their pathophysiological interest, our results open possibilities of sperm selection prior to ICSI, which
may allow for optimization of reproductive outcomes in heretofore unstudied patient populations.

Keywords Sperm selection . Hypo-osmotic swelling test . Host . ICSI . DNA fragmentation . DNA decondensation . Nuclear
architecture

Introduction

The hypo-osmotic swelling test was first introduced in 1984
[1] to assess the functional integrity of the spermmembrane. It
has since been included in the WHO manual since its 3rd
edition in 1992 [2]. In this technique, spermatozoa are incu-
bated in a hypo-osmotic solution (prepared from sodium chlo-
ride or sodium citrate and fructose) which induces flagellar
swelling in cells with an intact cell membrane. This swelling
is caused by an influx of fluids occurring across a morpholog-
ically and physiologically sound membrane.

While HOST sperm were initially analyzed in a binary
manner (i.e., “HOST-positive” sperm with any type of flagel-
lar swelling, versus “HOST-negative”with no swelling at all),
a classification scheme has since been proposed based on the
type of flagellar swelling (Fig. 1). Previous studies have
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suggested a difference in quality between the different mor-
phological classes. Examining each HOST class individually,
Bassiri et al. and Stanger et al. found discordant results based
on DNA fragmentation, DNA decondensation, and
phosphatidyl-serine externalization [4, 5]. Other authors have
compared HOST classes individually and assessed aneuploi-
dy rates in patients with a normal karyotype [6] as well as
segregation modes in chromosomal rearrangement carriers
[3]. The latter study proposed the addition of a new morpho-
logical class, termed B+, which we accordingly included as a
separate class here.

In the present study, we evaluated spermatozoa from each
of the 7 HOST morphological classes based on three param-
eters, i.e., DNA fragmentation, DNA decondensation, and nu-
clear architecture, which was assessed through the evaluation
of the inter-telomeric distance and chromosomal territory area
for a given chromosome, similar to our previous work [7].

Materials and methods

Ten male subjects were recruited from the Department of
Reproductive Medicine at Tenon Hospital, AP-HP, Paris,
France. They initially presented with their partners for fertility
consultation of various etiologies. The ethics commission
CECOS (Centre d’Etude et de Conservation des Oeufs et du
Sperm humains) considered this project to be exempted from
IRB approval since it did not involve any additional medical
intervention and solely used remnants from sperm samples
obtained as part of the routine clinical care. Informed consent
was nevertheless obtained from each subject. In this study,
each subject served as its own control: each subject’s sample
was divided into a HOST-treated and a HOST-untreated frac-
tion, and sperm quality characteristics were compared be-
tween the identified HOST classes and the untreated fraction.

Subject semen samples were obtained by masturbation af-
ter 1–5 days of abstinence, as per the WHO guidelines (ref
WHO 2010). Samples were treated in triplicate. After incuba-
tion for 30 min at 37 °C, routine sperm analysis was per-
formed. All the subjects had sperm parameters within the nor-
mal range (data not shown). Next, the samples underwent
discontinuous gradient centrifugation (15 min at 2G, 2 layers
of 40 and 80%, PureSperm, JCD, France) before being sepa-
rated into two fractions. The first fraction was fixed in a meth-
anol and acetic acid solution (3:1) and was used as the unsort-
ed (non-HOST) control, for each subject. The second fraction
was incubated for 10 min at 37 °C, in a hypo-osmotic
150 mOsm solution (25 mM sodium citrate, 75 mM fructose,
sterile water). This incubation time, considered a compromise
between the two recommendations of the WHO manual
(5 min for therapeutic use, and 30 min for diagnostic pur-
poses), was used for our previous study regarding HOST use
in chromosomal rearrangement carriers [3]. The cells were
then fixed in a methanol and acetic acid solution (3:1) for
30 min at room temperature, and were then spread on micro-
scope slides.

Three sperm quality parameters were evaluated for each
subject, both on the control slides and on the HOST slides
(Fig. 2): DNA fragmentation, DNA decondensation, and nu-
clear architecture (inter-telomeric distance, and chromosomal
territory area).

DNA fragmentation was assessed through a TUNEL (ter-
minal deoxynucleotidyl-transferase dUTP nick end labeling)
assay, using the In Situ Cell Death Detection kit (Roche,
Indiana, USA). After being washed twice in a phosphate buff-
er solution (PBS, Eurabio, France), the slides were perme-
abilized (0.1% sodium citrate, 0.1% Triton) for 5 min at −20
°C. Next the TdT enzyme was diluted at 1/10 in the buffer
solution provided in the kit, and was placed on the slides
which were incubated for 15 min at 37 °C in a moist chamber.

A B B+ C D/E F G
Fig. 1 The HOST classification.
The HOST classification, as
proposed in the WHO Laboratory
Manual for Examination and
Processing of Human Sperm
(starting from the 3rd edition in
1992), with the additional B+
class, described by our team [3]
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The slides were then washed twice for 5 min in PBS and
examined on an Olympus BX-UCB fluorescence microscope.
The same procedure without the TdT enzyme was used as a
negative control (data not shown). An intense green fluores-
cence over the sperm head was interpreted as DNA fragmen-
tation. The proportion of such cells was evaluated for both the
unsorted (non-HOST) spermatozoa (300 spermatozoa per
subject), as well as for the HOST-treated spermatozoa (20–
50 spermatozoa for each individual class, per subject).

DNA decondensation was assessed through the
Chromomycin A3 (CMA3) assay (Sigma Chemicals, MO,
USA). Each slide was treated for 20 min with 100 μL
CMA3 solution (0.25 mg/ml in McIlvane’s buffer), washed
with in McIlvane’s buffer, and was subsequently analyzed on
a fluorescence microscope. Dull yellow/orange staining was
associated with a normal chromatin packaging, and bright
yellow fluorescence was associated with an abnormal chro-
matin packaging (DNA decondensation).

Nuclear architecture was evaluated by two separate FISH
(fluorescent in situ hybridization) procedures, as previously
described by our team [7]: evaluation of the inter-telomeric
distance (i.e., the distance between the extremities of the two
telomeric ends) for chromosome 1, and the area of the chro-
mosomal territory occupied by chromosome 1 within the nu-
cleus. For both procedures, FISH was conducted as described
previously. Spermatozoa underwent a decondensation step,
with 2 min 30 s in NaOH, followed by hybridization with
the probes at 70 °C for 2 min and 30 s. Image acquisition
was performed on a fluorescence microscope (×100 oil

immersion objective) with a COHU 4912-5000 CCIR camera.
With this configuration, 12 pixels on the images were equiv-
alent to 1 μm. The images were analyzed on open-source
software Fiji [8] along with the Shape Filter plug-in [9].

For inter-telomeric distance evaluation, two sets of in-
house contiguous probes for the two telomeric ends (p and
q) of chromosome 1 were selected. On Fiji, the distance be-
tween the two signals was measured, as well as at the length of
the sperm head, from the implantation base of the intermedi-
ary piece to the tip of the head. As a way to eliminate the effect
of a possible decondensation of the head, for each cell, the
ratio between the crude inter-telomeric distance and the length
of the head was calculated, and was recorded as the “inter-
telomeric distance.”

For the chromosomal territory area evaluation, we used
whole chromosome painting probes for chromosome 1 resulting
in a fluorescence of the whole chromosome. The area of the
fluorescent signal and the overall area of the sperm head were
measured on Fiji. For each cell, the ratio between the crude area
of chromosome and the overall area of the head was calculated,
and recorded as the “chromosomal territory area.”

For each parameter and each subject, 300 spermatozoa
were evaluated in the unsorted group (except for
decondensation: 200), 50 in the A class, 30 in the B class
(except for decondensation: 20), 30 in the B+ class (except
for decondensation: 20), and 50 in the C, D/E, F, and G clas-
ses. Those classes are described in the WHO laboratory man-
ual, from the 3rd edition onward, with addition of the B+
class, as shown by our team [3]. For each parameter, each
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Fig. 2 Nuclear quality analysis was performed with four different assays.
The spermatozoa from the different HOST classes, as well as unsorted
spermatozoa, were evaluated based on 4 different parameters: A DNA
fragmentation with a TUNEL assay, causing the sperm nuclei with
significant DNA breaks to exhibit a green fluorescence (1), absent in
spermatozoa with intact DNA (2). B DNA decondensation, with a

chromomycin A3 assay, with which spermatozoa with decondensed
DNA exhibit bright yellow fluorescence (1), as opposed to their
condensed nuclei associated with dull orange fluorescence. C Inter-
telomeric distance, using telomeric probes for the two arms of chromo-
somes 1.DChromosomal territory area for chromosome 1, using a whole
chromosome painting probe specific of that chromosome
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HOST class was compared to the unsorted spermatozoa (chi-
square and t student tests, GraphPad software), and results
with p<0.05 were considered statistically significant.

Results

Spermatozoa belonging to each of the different 7 HOST clas-
ses were analyzed based on the aforementioned parameters,
and compared to unsorted spermatozoa (i.e., spermatozoa not
treated by HOST). Results from all 10 subjects were collected
and pooled. This was done in order to obtain exploitable data
considering the very small number of spermatozoa belonging
to certain classes, such as B and B+ which each comprise
approximately 2% of any given sample [3].

DNA fragmentation (Fig. 3A) The global DNA fragmentation
proportion among unsorted spermatozoa was 5.9% (177 out
of 3000 spermatozoa). Class A was associated with a signifi-
cantly higher proportion of DNA-fragmented spermatozoa
(15.6%, 78/500 spermatozoa, p<0.00001), while classes B+,
C, D/E, and F were associated with a significantly lower DNA
fragmentation rate (respectively 1% or 3/300, p<0.01; 1.6% or
8/500, p<0.01; 1.6% or 8/500, p<0.01; and 0.6% or 3/500,
p<0.001). Classes B and G did not show statistically signifi-
cant differences in DNA fragmentation rate as compared to
the unsorted spermatozoa.

DNA decondensation (Fig. 3B) The global proportion of un-
sorted spermatozoa exhibiting DNA decondensation was
4.4% (88/2000 spermatozoa). The proportion of spermatozoa
with DNA decondensation was significantly lower among the
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Fig. 3 Evaluation of the different
HOST classes, compared to that
of unsorted, pre-HOST,
spermatozoa, based on four
nuclear quality parameters. Data
shown corresponds to all the
subjects together. Results with
p<0.05 were considered
statistically significant. A DNA
fragmentation: Compared to
unsorted spermatozoa (US),
classes B, C, D/E, and F exhibit
lower DNA fragmentation rates,
and class A exhibits higher DNA
fragmentation rates. B DNA
decondensation: Compared to
US, classes B and B+ exhibit
lower decondensation rates, and
classes A and G exhibit higher
decondensation rates. C Inter-
telomeric distance: The y axis
corresponds to the mean inter-
telomeric distance for chromo-
some 1 in relationship to the
head’s length. Compared to US,
classes B and B+ exhibit shorter
inter-telomeric distances, and
classes A, D/E, and G exhibit
longer inter-telomeric distances.
D Proportion of spermatozoa with
joint telomeres: Compared to US,
classes B and B+ exhibit a higher
proportion of joint telomeres, and
classes A, F, and G exhibit a
lower proportion. E
Chromosomal territory area: The
y-axis corresponds to the mean
chromosome 1 area, in relation to
the total nuclear area. Compared
to US, classes A, F, and G exhibit
a larger chromosomal territory
area for chromosome 1
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B and B+ HOST classes (respectively 0.05%, 1/200, p<0.05;
and 1.5%, 3/200, p<0.05), and significantly higher in A and G
HOST classes (respectively 11.4%, 57/500, p<0.00001; and
7%, 35/500, p<0.01). Classes C, D/E, and F showed no sig-
nificant differences from the unsorted group.

Nuclear architecture, inter-telomeric distance (Fig. 3C) The
inter-telomeric distance for chromosome 1 in unsorted sper-
matozoa was 16.5% (compared to the average head length). It
was significantly higher among HOST class A, D/E, and G
spermatozoa (21.5%, p<0.01; 21.5%, p<0.01; 27.5%,
p<0.001), and significantly lower among B and B+ spermato-
zoa (respectively 6.3%, p<0.0001; and 4.1%, p<0.0001).

Nuclear architecture, proportion of spermatozoa with joint
telomeric ends (Fig. 3D) An alternate method of examining
the phenomenon of inter-telomeric distance increase in low
quality spermatozoa is to evaluate the proportion of cells with
joint telomeric ends (inter-telomeric distance = 0). In the un-
sorted spermatozoa, the global proportion of spermatozoa with
joint telomeric ends for chromosome 1 was 39.2%. HOST clas-
ses A, F, and G had a significantly lower proportion of cells
with joint telomeric ends (respectively 19.3%, p<0.01; 25.7%,
p<0.05; and 24.0%, p<0.05). Conversely, HOST classes B and
B+ were associated with a significantly higher proportion of
cells with joint telomeric ends (respectively 64.8%, p<0.01; and
73.0%, p<0.001). Classes C and D/E showed no significant
differences from the unsorted group.

Nuclear architecture, chromosome 1 territory area (Fig. 3E)
Among the unsorted spermatozoa, the average chromosome
1 territory area (over the total head area) was 15.6%. This
parameter was increased among HOST classes A, F, and G
(respectively 19.6%, p<0.05; 18.3%, p<0.05; 19.5%, p<0.02).
There was a trend toward decreased territory area among
HOST classes B and B+ (both 14.1%), but this was not sta-
tistically significant.

Discussion

The hypo-osmotic swelling test (HOST), developed in 1984,
was initially used solely as a diagnostic test [1]. Initially, treat-
ed spermatozoa were characterized simply as “HOST-posi-
tive” if they exhibited flagellar swelling, which would corre-
spond to present-day classes B through G [10]. Samples were
considered normal if they contained 60% or more “HOST-
positive” spermatozoa, and abnormal if they contained less
than 50% [11]. Associations between the percentage of
“HOST-positive” spermatozoa and reproductive outcomes
(both for natural and ART-related conception) have been pre-
viously evidenced [12, 13].

Subsequently, different types of tail swelling were identi-
fied and grouped into classes (A, B, B+, C, D/E, F, G) (Fig. 1).
The previous characterization of “HOST-positive” effectively
included all the classes except A (i.e., B, B+, C, D/E, F, and G)
[14]. Stanger et al. were the first to examine individual sperm
classes with the aim of finding a correlation between HOST
and DNA fragmentation as evidenced by TUNEL [5]. They
found that the classes with the highest DNA fragmentation
rates were A (34% TUNEL positive) and G (15%), while
the ones associated with the lowest DNA fragmentation rates
were D/E (4%) and F (8%). Two years later, Bassiri et al.
conducted a similar study with additional parameters [15].
Concerning DNA fragmentation, they found conflicting re-
sults to those of Stanger et al., with A, F, and G being the
HOST classes associated with the highest levels of DNA frag-
mentation, and B, C, and D/E being associated with the lowest
levels. Examining DNA decondensation and phosphatidyl-
serine externalization, they found that the D class showed
the lowest levels of both.

Additional studies evaluated other parameters in each
HOST class individually. Pang et al. compared the rate of
aneuploidy between HOST classes and found that spermato-
zoa belonging to the B, C, and D/E classes carried 17 times
less aneuploidy than unselected spermatozoa [6]. Similarly,
our team [3] showed that, in chromosomal rearrangement car-
riers, HOST could be used to select chromosomally balanced
spermatozoa. We described a new HOST class, termed B+,
that can be identified by having a ratio of the length of the
flagellum to the diameter of the flagellar distal loop that is
greater than 20. B+ spermatozoa were associated with an
84% decreased proportion of unbalanced spermatozoa.

We hypothesized that treatment by HOST could aid in dis-
criminating between high and low fertility spermatozoa. The
purpose of the present study was therefore threefold: (1) to
address the discordant results of Bassiri and Stanger concerning
DNA fragmentation and decondensation, (2) to evaluate the
aforementioned B+ HOST class on parameters other than chro-
mosomal content in rearrangement carriers, and (3) to evaluate
different HOST classes by their nuclear architecture, which
may represent a reflection of sperm quality [7].

The pathophysiological model that we suggest is as fol-
lows: any disturbance in the sperm architecture (DNA breaks,
an abnormal chromosomal content, etc.) may trigger an apo-
ptotic process, an early sign of which is an alteration of the cell
membrane. Only an intact membrane will be able to adequate-
ly respond to a change in osmolarity in the extracellular space
and thereby lead to characteristic flagellar shapes. HOST,
based on this hypothetic model, would therefore represent a
functional evaluation assay for early apoptosis. This could
potentially be formally proven in further studies.

DNA fragmentation DNA fragmentation corresponds to the
accumulation of single- and double-strand DNA breaks and
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is thought to negatively influence reproductive potential [16].
During spermatogenesis, the sperm DNA molecule adopts a
unique structure: the histones are replaced by protamines and
the sperm loses its cytoplasm, resulting in a tightly packed
DNA molecule. The removal of the cytoplasm leaves the
sperm nucleus vulnerable to a variety of potential insults: free
radicals, radiation, infectious agents, drugs, and heat, among
others [17]. This leads to the accumulation of DNA breaks, or
DNA fragmentation [18]. DNA fragmentation is irreversible,
since spermatozoa lack machinery for DNA repair. Many
studies have suggested a relationship between DNA fragmen-
tation and male infertility [19, 20], including in men with
idiopathic or unexplained infertility [21]. Some authors even
advise that DNA fragmentation evaluation be included in rou-
tine clinical fertility evaluation [22]. A recent study evaluated
DNA fragmentation, using the Halosperm assay, in relation-
ship to HOST morphology [23]. The authors of this study
showed that the spermatozoa with the lowest DNA fragmen-
tation rates were the ones belonging to classes D, F, and G.
However, unlike in the present study, the control group was
made of spermatozoa which did not undergo sperm process-
ing by discontinuous gradient centrifugation (DGC). It is
therefore difficult to know if those differences are related to
DGC or HOST, since in that study the two parameters are
evaluated simultaneously.

We show here a correlation between HOST morphology
and DNA fragmentation rate. The most striking result is the
high DNA fragmentation rate among A spermatozoa, almost
three times as much as in unselected non-HOST-treated sper-
matozoa. This is however not surprising since the majority—
although not all—of HOST-A spermatozoa are dead [24].
These spermatozoa are therefore likely to have undergone
apoptosis, which may be either the cause or the consequence
of DNA breaks. It has been shown that DNA fragmentation
has a greater influence on IVF reproductive outcome com-
pared to that of ICSI [16]. This is thought to be related to
the fact that during ICSI spermatozoa are selected based on
their motility and morphology. Most A spermatozoa would
not be motile in non-HOST conditions since they are dead.
It is unclear why the G class, which is associated with poorer
quality when evaluated with other parameters, had less DNA
fragmentation than the unselected spermatozoa.

DNA decondensationAs stated above, nuclear condensation is
a critical event of spermatogenesis, allowing the male genome
to reach the female gamete safely. The condensation of the
nucleus in spermatozoa is striking: while the nucleus of a
lymphocyte has a volume of roughly 180 μm3, that of a ma-
ture spermatozoon approximates 16 μm3, for only half as
much DNA content. Decondensation is evaluated in the labo-
ratory by using a chromomycin (CMA3)-based assay. CMA3
is an anti-tumor agent derived from the Streptomyces
cerevisiae bacterium. CMA3 competes with protamine for

binding to DNA regions rich in guanine and cytosine.
Bonding of CMA3, in case of protamine deficiency, leads to
a bright yellow color, indicative of nuclear decondensation
and protamine deficiency [25, 26]. Sperm decondensation
has been shown to be a predictor of failure in spontaneous
procreation [27] as well as in ART, with a negative correlation
between decondensation and fertilization rate in IVF and ICSI
[28]. Moreover, sperm samples with a decondensation rate of
greater than 30% were shown to be correlated with ICSI fail-
ure (Sakkas et al., 1998)

We show here that compared to pre-HOST spermatozoa, A
and G spermatozoa were associated with higher
decondensation rates, while B and B+ spermatozoa were asso-
ciated with lower decondensation rates. We propose that, re-
gardless of cause, nuclear decondensation like DNA fragmen-
tation can trigger an apoptotic process which will hinder the
membrane’s ability to react to hypo-osmolarity. It would be of
interest to conduct similar studies in men with high global
decondensation rates (> 30%) so as to examine the potential
interest of selection of B or B+ spermatozoa in these men.

Nuclear architecture In addition to replacement of histones by
protamine and to the removal of cytoplasm, the high degree of
nuclear condensation in spermatozoa is achieved through the
establishment of a specific nuclear tridimensional architecture
during spermatogenesis. It has been previously evidenced that
chromosomes have a specific conformation within the sperm
nucleus, with all centromeres gathered in the center forming a
structure called the chromocenter, and the telomere ends of a
given chromosome covalently bound to each other near the
periphery [29–31]. This hairpin conformation, along with a
preferential positioning for each chromosome, allows for a high
degree of nuclear condensation [32]. Our team showed in a
recent study [7] that the presence of a chromosomal transloca-
tion hindered the achievement of such nuclear architecture,
even for chromosomes not included in the translocation. We
hypothesized that multiple pathologic processes might interfere
with the establishment of this architecture, and therefore that the
evaluation of nuclear architecture could be used as a way to
assess overall sperm quality. We suggested two parameters that
could be analyzed for such a purpose: the inter-telomeric dis-
tance (ITD) for chromosome 1 (chosen because of its large
size), and the measured area of the chromosome 1 territory. In
the aforementioned study, those two parameters were signifi-
cantly increased in chromosomal rearrangement carriers com-
pared to controls with a normal karyotype.

In order to neutralize the effect of nuclear decondensation,
which results in larger nuclei, the ratio between the ITD and the
length of the sperm nucleus (from the insertion spot of the in-
termediary piece to the tip of nucleus) was calculated for each
cell. We showed here an increased ITD in HOST classes A, F,
and G, and a decreased ITD in HOST classes B and B+. This is
in accordance with the hypothesis that B and B+ are the
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spermatozoa with the healthiest physiology. In order to confirm
those results, we assessed the proportion of spermatozoa with
joint telomeric ends (ITD = 0%) in each class. Similarly, we
found that A, F, and G classes were associated with a signifi-
cantly lower proportion of joint telomeres, while B and B+were
associated with a higher one. Again, B and B+ spermatozoa
seem to exhibit the most canonical nuclear architecture, while
conversely it appeared disrupted in A and G spermatozoa.

As described, each chromosome has a preferential location
within the nucleus, with a spatially delimited territory. While
we did not assess the exact location of all chromosomes here,
as opposed to our procedure in our previous study in chromo-
somal rearrangement carriers [7], we studied here the area
occupied by chromosome 1 by using chromosome probes that
allow for the identification of a whole chromosome (whole
chromosome painting). We found a chromosomal territory
area (CMT) of 15.6% among non-sorted spermatozoa. We
found this area to be significantly larger in A, F, and G sper-
matozoa, and smaller in B and B+ spermatozoa. Again, it is
believed that a small chromosomal area is associated with
healthy spermatozoa of relatively normal physiology.

Our team initially categorized the B+ HOST class for a
specific patient population of chromosomal rearrangement
carriers [3]. In that study, we compared the proportion of

chromosomally unbalanced spermatozoa, which can range
from 0 to 75% in each HOST class, to that of unsorted sper-
matozoa. Since we found a 55% decrease among B sperma-
tozoa, we described a new class, termed B+, with a longer
flagellum and smaller distal flagellar loop than those of the
B class. Among those, the decrease in the proportion of un-
balanced spermatozoa was 83%. We therefore included this
newly described class in the present study. However, we did
not find any statistically significant difference between B and
B+ spermatozoa for the parameters evaluated here. While the
utility of specifically selecting B+ spermatozoa in chromo-
somal rearrangement carriers appears justified based on prior
studies, it remains unclear whether this would be advanta-
geous for patients with normal karyotypes. This hypothesis
should be evaluated in future studies with a larger number of
subjects and spermatozoa.

Taken together, those results suggest that HOST allows for
a broad evaluation of sperm quality which is reflected by
significant differences in DNA fragmentation, DNA
decondensation, and nuclear architecture. These results sug-
gest that B and B+ are “higher quality” spermatozoa, while A
and G may be considered “poorer quality.” We hypothesize
that the structural basis for these findings is a disruption in the
spermatic physiology triggering an apoptotic process which

Fig. 4 Review of the past and current studies assessing sperm quality
based on HOST class. This figure summarizes the results of the present
study as well as of others on the respective quality of the HOST classes,
based on the following parameters: DNA fragmentation, DNA
decondensation, phosphatidyl-serine externalization, aneuploidy, chro-
mosomal segregation in rearrangement carriers, inter-telomeric distance,

and chromosomal territory area. For each parameter and study, the results
were normalized: 100% means that the HOST class showed the highest
score for a given parameter, and 0% means it showed the lowest score.
We highlight the relatively higher quality of spermatozoa belonging to the
B and B+ HOST classes, and the relatively poorer quality of those be-
longing to the A, G, and possibly C, D/E, and F classes
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would render the membrane differentially responsive to
changes in extracellular osmolarity, leading to variable flagel-
lar morphology in compromised spermatozoa (A, G).

Further studies may examine these findings using a larger
number of subjects, and possibly using different sub-groups
(normal/abnormal semen parameters, elevated DNA fragmenta-
tion, levels, etc.). The strengths of this study, however, include
that the controls in the present study are the unsorted spermato-
zoa, and a large number of spermatozoa were analyzed.

Figure 4 maps our results against those of prior analyses of
the characteristics of different HOST classes. For each param-
eter, the results were normalized: 100% means that this class
had the highest/worst score for that parameter in that particular
study. Conversely, 0% means that this class had the lowest/
best score. This allows for meaningful comparison of respec-
tive quality of the different HOST-classes across multiple
studies. This comparison underscores the lower quality of A,
F, and G spermatozoa, and the higher quality of B and B+
spermatozoa.

The results presented here may have implications both in
male fertility evaluation and assisted reproduction.

As a diagnostic test, HOST could allow a functional eval-
uation of sperm physiology. We show a correlation between
HOST morphology and other sperm evaluation parameters
used clinically, such as DNA fragmentation and DNA
decondensation, as well as with parameters related to sperm
physiology (nuclear architecture). We suggest that the respec-
tive proportion of the different HOST classes (which we sug-
gest terming “HOST patterns”) may be reflective of a sam-
ple’s reproductive potential.

Additionally, HOST could be used for sperm selection pri-
or to ICSI. Traditionally, during ICSI, sperm are first selected
based on their density via gradient centrifugation, and then
based on their microscopically assessed morphology. HOST
could add another layer of selection with the ultimate goal of
optimizing ART outcome. Based on the results presented
here, as well as from other authors, it appears that HOST
morphology encompasses many aspects of sperm morpholo-
gy, such as DNA architecture, DNA condensation, chromo-
somal content, and membrane function. It has therefore been
hypothesized that HOST could reflect a spermatozoon’s abil-
ity to fertilize [33]. Furthermore, as opposed to other potential
advanced sperm selection methods (such as magnetic-
activated cell sorting or flow cytometry), it does not alter the
sperm and is safe to use in ART. The precise indication of
HOST-based sperm selection remains to be fully elucidated.
In addition to chromosomal rearrangements (reciprocal and
Robertsonian translocations, pericentric inversion) and elevat-
ed aneuploidy rates, we suggest that patients with high DNA
fragmentation rates, high DNA decondensation rates, or ab-
normal HOST score could benefit from HOST-based sperm
selection. The present study, along with past studies on the
subject, highlight the interest of selecting B and B+

spermatozoa, and avoiding the ones belonging to the A and
G classes. The next step would be to conduct randomized
controlled studies, comparing HOST-selected spermatozoa
versus traditionally selected spermatozoa prior to ICSI, as
was previously performed for HOST and immotile spermato-
zoa [34].
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