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Purpose of review

The current concepts of sperm biochemical markers and
the central role of the HspA2 chaperone protein, a
measure of sperm cellular maturity and fertilizing potential,
are reviewed.

Recent findings

Because HspA2 is a component of the synaptonemal
complex, low HspA2 levels and increased frequency of
chromosomal aneuploidies are related in diminished
maturity sperm. We also suggest a relationship between
HspA2 expression in elongating spermatids and events of
late spermiogenesis, such as cytoplasmic extrusion and
plasma membrane remodeling that aid the formation of the
zona pellucida binding and hyaluronic acid binding sites.
The presence of hyaluronic acid receptor on the plasma
membrane of mature sperm, coupled with hyaluronic acid
coated glass or plastic surfaces, facilitates testing of
sperm function and selection of single mature sperm for
intracytoplasmic sperm injection. The frequencies of
sperm with chromosomal disomy are reduced
approximately fourfold to fivefold in hyaluronic acid
selected sperm compared with semen sperm, comparable
to the increase in such abnormalities in intracytoplasmic
sperm injection offspring. Hyaluronic acid binding also
excludes immature sperm with cytoplasmic extrusion,
persistent histones, and DNA chain breaks.

Summary

Hyaluronic acid mediated sperm selection is a novel
technique that is comparable to sperm zona pellucida
binding. Hyaluronic acid selected sperm will also alleviate
the risks related to intracytoplasmic sperm injection
fertilization with sperm of diminished maturity that currently
cause worldwide concern.
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Introduction

The primary interest of our laboratory has been the
development of objective biochemical markers of
human sperm maturity and function that would predict
male fertility, independently from the traditional semen
criteria of sperm concentration and motility. In measure-
ments of sperm creatine-/V-phosphotransferase or
creatine kinase, we found significantly higher sperm
creatine kinase content in men with diminished fertility
[1,2]. The sperm creatine kinase immunostaining pat-
terns indicated (Fig. 1, left panel) that the high sperm
creatine kinase activity was a direct consequence of
increased cytoplasmic protein and creatine kinase con-
centrations in the spermatozoon [3]. This suggested to
us that we had identified a sperm developmental defect
in the last phase of spermiogenesis when the surplus
cytoplasm (unnecessary for mature sperm) is normally
extruded and left in the adluminal area as ‘residual
bodies’ [4].

In addition to the creatine kinase-B isoform, we found
another  adenosinetriphosphate-containing  protein,
which was proportional to the incidence of mature
sperm, characterized by lack of cytoplasmic retention
[5]. We have identified this developmentally regulated
protein as the 70-kDa testis expressed chaperone pro-
tein, which in man is called HspA2 [6].

We have further shown that mature and diminished
maturity sperm are different with respect to HspA2
levels, as expressed by the concentrations of sperm crea-
tine kinase and HspA2 [%HspA2/(HspA2 + creatine
kinase-B)], morphological and morphometric attributes,
zona pellucida binding properties, and fertility [7,8].
Furthermore, we have established that in spermiogen-
esis, simultaneously with cytoplasmic extrusion and the
commencement of HspA2 synthesis, the sperm plasma



Figure 1 Creatine kinase-immunostained sperm patterns

Left panel: mature (a) and diminished maturity sperm with various
degrees of cytoplasmic retention (b—e) after creatine kinase immuno-
staining. The interrupted and continuous contours represent the
presence or lack of plasma membrane remodeling in the mature and
immature sperm, respectively. Right panel: creatine kinase immunos-
tained sperm—hemizona complex. Observe that only the clear-headed
mature spermatozoa without cytoplasmic retention are able to bind.
Reproduced from Reproduction BioMedicine Online by Cayli et al.
[2] with permission from Reproductive Healthcare Ltd.

membrane also undergoes a maturation-related remode-
ling. This remodeling step facilitates the formation of
the sites for zona pellucida binding and, very impor-
tantly from the point of view of andrology testing and
intracytoplasmic sperm injection (ICSI) sperm selection,
for hyaluronic acid binding in mature sperm [9]. All of
these maturational events are completed by the time the
sperm enter the caput epididymidis [10].

Spermiogenetic maturation and sperm
fertilizing function

The predictive value of sperm HspAZ2 levels in the
assessment of male fertility was tested in two blinded
studies of couples undergoing in-vitro fertilization
(IVF). First in 1992, we classified 84 husbands from
two different IVF centers (with no information on their
semen parameters or reproductive histories) based only
on their sperm HspA2 ratios into ‘high likelihood’
(>10% HspA2 ratio) and ‘low likelihood’ (<10% HspA2
ratio) for fertility groups [8]. All pregnancies occurred in
the ‘high-likelihood’ group. No pregnancy occurred in
the ‘low-likelihood” group. In the ‘high-likelihood’
group, if at least one oocyte was fertilized, the predictive
rate of HspAZ2 ratio for pregnancy was 30.4% per cycle.
An additional important utility of the HspA2 ratio
became apparent: nine of the 22 ‘low-likelihood’ men
were normospermic but had diminished fertility. Thus,
the HspA2 ratio provided, for the first time, a diagnostic
tool for unexplained male infertility (infertile men with
normal semen) [8]. In a recent second study [11], we
reexamined the utility of HspA2 ratios in 194 couples
treated at Yale. The receiver operating characteristic
analysis indicated a 100% predictive value for failure to
achieve pregnancy below the 10.4% HspA2 threshold.
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To identify the steps of the fertilization process at which
the low HspAZ immature sperm are deficient, we
explored human sperm—oocyte binding. With the study
of sperm—hemizona complexes, we established that only
the clear-headed (low creatine Kkinase) mature sperm
were able to bind to the zona (Fig. 1, right panel) [7].
Sperm with retained cytoplasm were deficient in the
oocyte binding site, the formation of which may occur
with plasma membrane remodeling simultaneously with
cytoplasmic extrusion [9].

From the perspective of male infertility, it is important
that synthesis of the HspA2 and HSP70 family of pro-
teins is developmentally regulated and that they first
appear during the meiotic prophase as a component of
the synaptonemal complexes [12]. An apparent function
of HSP70-2 in mice is maintaining the synaptonemal
complex and assisting chromosome cross-over during
meiosis and spermatocyte development. Accordingly,
the targeted disruption of the /sp70-2 gene causes
arrested sperm maturation and [13].
Regarding human sperm, our laboratory was the first to
demonstrate the expression pattern of the HspA2 pro-
tein in human testis and sperm and to correlate the
expression level of HspA2 to sperm function [6].
Figure 2 clearly demonstrates the two-wave expression
of HspAZ2, first in spermatocytes related to meiosis, and
then at the time of terminal spermiogenesis in elongated
spermatids [2,6].

azoospermia

Relationship between diminished sperm

maturity and chromosomal aneuploidies

Assuming that HspA2 is a component of the synapto-
nemal complex in man as well as in rodents, we
hypothesized that the frequency of chromosomal aneu-
ploidies will be higher in immature compared with
mature sperm [14]. We have examined this question in
mature and diminished maturity sperm fractionated
from the same ejaculate in 10 oligozoospermic men.
Immature sperm with retained cytoplasm, which
signifies spermiogenctic arrest, were identified by
immunocytochemistry. We have evaluated with fluores-
cence in-situ hybridization (FISH) approximately 7000
sperm nuclei in each of the 20 fractions (142 086 sperm
in all) using centromeric probes for the X, Y, and 17
chromosomes. Indeed, there was a close correlation
between the incidences of immature sperm with cyto-
plasmic retention and disomies (= 0.7 with all three
chromosomes, and = 0.76 in the case of the Y disomy,
P <0.001 in both), indicating that disomies originate pri-
marily in immature sperm. Thus, the idea that the
common factor underlying sperm immaturity and aneu-
ploidies is the diminished expression of the HspA2 is
valid [14]. There was no relationship with diploidies,
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Figure 2 Human testicular biopsy tissues immunostained
with HspA2 antiserum

second
wave

The upper and lower sections represent low and high magnifications
to illustrate the tubular structure of testis and the staining pattern of
the adluminal area. The first wave of HspA2 expression occurs in
meiotic spermatocytes. The second wave is predominant during term-
inal spermiogenesis in the elongated spermatids and spermatozoa at
the edge of the seminiferous tubuli. Reproduced from Reproduction
BioMedicine Online by Cayli et al. [2] with permission from Reproduc-
tive Healthcare Ltd.

however (< 0.1). Thus, chromosomal diploidy is likely
to arise by diverse cellular mechanisms [15].

Sperm-head shape or dimensions do not aid
the selection of mature sperm for
intracytoplasmic sperm injection

The relationship between abnormal sperm morphology
and chromosomal aberrations has been of long-term
interest. In earlier studies, however, the proportion of
abnormal sperm and the frequency of ancuploidies
were determined in different sperm cells in the same
ejaculate [16,17]. The study of the direct relationship
between sperm shape and numerical chromosomal aneu-
ploidies in the same sperm was made possible because
we determined that sperm preserve their shape after

undergoing the decondensation and denaturation steps
that are a prerequisite for performing FISH [18].

We examined the relationship between numerical chro-
mosomal aberrations and sperm shape, as well as the
applicability of such data to sperm selection for ICSI
[19]. In order to accomplish this goal, we studied the
post-FISH status of sperm whether haploid, disomic, or
diploid, and also evaluated the shape and dimensions of
images in a selected sperm population that had much
higher proportions of disomic and diploid spermatozoa
than occur physiologically.

First, using computer-assisted morphometry, we evalu-
ated 1286 individual sperm from 15 men: 900 haploid,
256 disomic and 130 diploid sperm, using centromeric
FISH probes for the X, Y, 10, 11, and 17 chromosomes.
We studied normal, disomic, and diploid genotypes in
sperm images utilizing three-color FISH (17, X, and Y)
and two-color FISH for the 10 and 11 chromosomes (60
sperm from each men; 30 sperm with X, Y, 17 chromo-
somes, and 30 sperm with 10, 11 chromosomes).

In another approach, we sorted the 900 haploid sperm
and classified them into ‘small-head’, ‘intermediate-
head’, and ‘large-head’ groups. Furthermore, we sorted
the 256 disomic and 130 diploid sperm according to the
head-size parameter ranges established in the three non-
anecuploid sperm dimension ranges, and determined the
frequencies of disomies and diploidies within the three
head-size groups.

Disomies and diploidies were present within all three
groups. The frequency of chromosomal aberrations posi-
tively correlated with sperm-head size, as size reflects
cytoplasmic retention and immaturity. The mean per-
centages of disomies in small, intermediate, and large
sperm-head categories were 27 + 2%, 23 + 1%, and 50
+ 2%, respectively. Moreover, the mean percentages of
diploidies in the three sperm-head categories were 3
+ 1%, 8 + 1%, and 89 = 2%, respectively.

When we asked the question, ‘How many of the disomic
or diploidic sperm will fall within the smallest third of
the 900 nonancuploid sperm’, the ‘most normal’ sperm
category, we have shown that sperm of any head size or
shape may have chromosomal aberrations. Furthermore,
about 27% of sperm with disomy and 3% with diploidy
of the 386 sperm selected for this analysis were among
the 300 sperm with smallest dimensions.

In another analysis, we classified the same 1286 sperm
according to their shape characteristics of normal
(7 = 367), intermediate (7 = 368), abnormal (7 = 504),
and amorphous (7 =47). Disomic and diploid sperm



were present in all four groups with an increasing fre-
quency of 18%, 18%, 41%, and 98%, respectively, in
line with the severity of the sperm-shape abnormality,
which was most apparent in the abnormal and amor-
phous sperm-shape categories [19].

Finally, we classified the 1286 spermatozoa according to
the Kruger strict morphology method as normal and
abnormal. The normal strict morphology scores of the
haploid (7 =900), disomic (7 =256), and diploid
(7 =130) sperm were 24%, 10%, and 1%, respectively.
These values are also in accordance with the morpho-
metric results, which indicate that the haploid,
disomic, and diploid sperm are different from each
other, not only in genetic or morphometric aspects but
also in morphology.

It has also become clear that the strict morphology eva-
luation is not discriminatory with respect to the
identification of haploid spermatozoa.

Test of sperm maturity and function by
hyaluronic acid binding in the andrology and
in-vitro fertilization laboratories

We recognized the fact that plasma membrane remo-
deling facilitates the formation of the zona pellucida
binding and hyaluronic acid binding sites [9]. Concur-
rently with the sperm maturation studies, we
investigated the effects of hyaluronic acid or hyaluronan,
which is a linear repeating polymer of disaccharides, on
human sperm function. Hyaluronic acid in the medium
increased the velocity, retention of motility, and viabi-
lity of freshly ejaculated, as well as cryopreserved/
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thawed, mature human spermatozoa [20,21]. The
enhancement of sperm motility and velocity occurred
as a direct response to hyaluronic acid, as indicated by
two observations:

(1) There was an instantancous increase in sperm tail
cross-beat frequency and sperm velocity upon hya-
luronic acid exposure.

(2) When we transferred the hyaluronic acid exposed
sperm, after density gradient centrifugation, to a
regular medium, the motility and velocity proper-
ties returned to those of the control sperm. We
concluded that hyaluronic acid effects on sperm
are receptor-mediated. Indeed, the presence of
the hyaluronic acid receptor in human sperm has
been established by three laboratories [22-24].

In immature sperm with cytoplasmic retention, there are
low densities of zona binding sites and also of hyaluronic
acid receptors [6,7,20,25].

Our current ideas on sperm maturation in men are sum-
marized in Fig. 3.

As a result of the association between the presence of
plasma membrane hyaluronic acid receptors and the var-
ious upstream features of sperm maturation, we were
interested in developing the sperm hyaluronic acid
binding assay to a clinical andrology test, as well a
device for selection of mature sperm for ICSI [25]. We
hypothesized firstly that mature sperm would selectively
bind to solid-state hyaluronic acid. This assumption has
recently been proven by studies using the various cyto-

Figure 3 A model of normal and diminished maturation of human sperm

In normal sperm maturation (events toward the
left direction), HspA2 is expressed in the synap-
tonemal complex of spermatocytes, supporting
meiosis. HspA2 is probably also involved in the
processes of late spermiogenesis, such as cyto-
plasmic extrusion (represented by the loss of
residual body, RB), plasma membrane remodel-
ing, and the formation of the zona pellucida
binding and hyaluronic acid binding (the binding
sites are represented by the stubs). Diminished
maturity sperm lack HspA2 expression (right di-
rection), which causes meiotic defects and a
higher rate of retention of creatine kinase and
other cytoplasmic enzymes, increased levels of
lipid peroxidation (LP) and consequent DNA frag-
mentation, abnormal sperm morphology and
deficiency in zona binding and hyaluronic acid
binding. Reproduced with permission from [6].
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plasmic and nuclear biochemical markers: hyaluronic
acid bound sperm are devoid of cytoplasmic retention,
persistent histones and caspase-3, which signifies an
ongoing apoptotic process [26]. All sperm bound to hya-
luronic acid are viable; nonviable sperm lose their
hyaluronic acid binding ability. Secondly, diminished
maturity spermatozoa, having low HspA2 ratios, chromo-
somal aberrations, and lack of spermatogenetic
membrane remodeling will not bind to solid-state hya-
luronic acid; thus hyaluronic acid binding would
facilitate the selection of individual mature sperm with
low levels of chromosomal aneuploidies.

Further details that may modulate hyaluronic acid
binding of human sperm are related to the fact that
sperm, similar to zona pellucida binding, attach with
the head plasma membrane aspects. Thus, sperm that
have proceeded to advanced stages of capacitation or
acrosome reaction do not bind to hyaluronic acid [26].
Another theoretical issue is the presence of hyaluroni-
dase in sperm. This does not appear likely to affect
hyaluronic acid binding because hyaluronidase is located
mostly in the post-acrosomal membrane (and acrosome-
reacted sperm that are devoid of plasma membrane are
not the subject of the binding assay), and the hyaluronic
acid is immobilized to the glass or plastic surfaces as a
linear polymer, thus cleavage of the polysaccharide
backbone would not affect the binding template proper-
ties of hyaluronic acid.

A chamber device for the sperm hyaluronic
acid binding assay

Based on the concepts of Fig. 3, we have examined
whether, via the hyaluronic acid receptors, sperm
would permanently bind to solid-state hyaluronic acid
using a chamber device that is coated with hyaluronic
acid in order to test the proportion of mature sperm

exhibiting hyaluronic acid binding (Fig. 4). Indeed,
sperm bind to hyaluronic acid and three sperm popula-
tions exist:

(1) sperm that bind permanently to hyaluronic acid;

(2) sperm that exhibit no binding;

(3) a small proportion of sperm (<5%) that initially bind
to hyaluronic acid but are soon released, and then
rebind.

We interpreted these three patterns as mature sperm
with a high density of hyaluronic acid receptors, imma-
ture sperm with deficient maturity and plasma
membrane remodeling, and sperm of intermediate
maturity with a low density of hyaluronic acid receptors.
It is of note that the hyaluronic acid binding assay has
been approved by the US Food and Drug Administra-
tion for andrology testing.

We have shown that sperm hyaluronic acid binding has
diagnostic utility. In a study, we evaluated the percen-
tage binding of sperm to hyaluronic acid coated slides in
56 men. With respect to binding, we classified the
sperm populations as follows: greater than 85%
(7 = 32), excellent binding, these men do not require
intervention; binding between 65% and 85% (7 = 14),
intermediate, these couples may benefit from intra-
uterine  insemination; diminished sperm  binding
properties, less than 60-65% (7 =10), these men
should be retested. If the low binding score is con-
firmed, they should be treated with IVF or ICSIL
In line with our previous findings, binding scores were
largely independent from sperm concentrations. Among
men within the less than 20 million sperm/ml concentra-
tion range (7 =18 of 56 men), we identified three
excellent, seven moderate, and eight diminished hya-
luronic acid binders [27].

Figure 4 Sperm movement patterns on the hyaluronic acid coated spots used for sperm selection

(a) Time-elapsed photography of the sperm move-
ment patterns. Mature sperm that underwent
plasma membrane remodeling bind to hyaluronic
acid and are immotile, whereas diminished matur-
ity sperm remain motile. (b) Sperm harvested by a
micropipette. Reproduced with permission from
[327].




Selection of sperm with low aneuploidy
frequencies for intracytoplasmic sperm
injection

The third question, whether, due to the relationship
between sperm maturity and the meiotic process,
sperm with low levels of chromosomal aberrations
would preferentially bind to hyaluronic acid, is
addressed in the experiments below.

The development of this novel sperm selection method
using hyaluronic acid binding, is based on the recogni-
tion that, during spermatogenesis, the formation of the
zona pellucida binding and hyaluronic acid binding sites
are commonly regulated. Indeed, we have found a close
correlation (r=0.73, P<0.001, # = 54) between sperm
binding scores either to hyaluronic acid or to the zona
of bisected human oocytes [28]. Thus, hyaluronic acid
selected mature sperm have frequencies of chromosomal
aberrations comparable to those of sperm selected by
the zona pellucida in conventional fertilization. This
relationship is based on the dual role of the HspA2 chap-
erone, which supports meiosis as a component of the
synaptonemal complex, and facilitates plasma mem-
brane remodeling as well as the formation of the zona
pellucida binding and hyaluronic acid binding sites
during spermiogenesis [6].

Based on the association between sperm maturation and
plasma membrane remodeling, we made the hypothesis
that the presence of the hyaluronic acid receptor in
mature, but not in immature, sperm, and a respective
device with a hyaluronic acid coated surface will facili-
tate the selection of single mature sperm with high
DNA integrity and low frequencies of chromosomal
aneuploidies for ICSI [9,25,29-31]. As hyaluronic acid
is a normally occurring component of the female repro-
ductive tract, there should be no ethical concerns.

Hyaluronan-mediated sperm selection for
intracytoplasmic sperm injection

In these experiments, we used as sperm selection
platforms Falcon Petri dishes that have spots of immo-
bilized bacterial hyaluronic acid that were prepared
using proprietary coating technology (Biocoat Inc.,
Fort Washington, Pennsylvania, USA). The sperm-
hyaluronic acid binding assay slides were based on
Cell-Vu (Millennium Sciences Inc., New York, USA)
disposable glass sperm counting chambers that were
treated with a bilaminar hyaluronan coating.

We have tested the efficiency of sperm selection with
respect to elimination of sperm with chromosomal aneu-
ploidies and diploidies [32°°]. Washed sperm from 34
moderately oligospermic men were studied. After incu-
bation for 15 min, the hyaluronic acid attached sperm
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were collected using an ICSI micropipette. Both hya-
luronic acid selected and unselected sperm were
treated with FISH, using centrometric probes for the
X, Y, and 17 chromosomes. Data were analyzed by chi-
squared analysis.

Experiments 1 and 2

Washed sperm were prepared by dilution of semen with
3-5 volumes of human tubal fluid (HTF, Irvine Scien-
tific Co., Irvine, California, USA)-0.5% bovine serum
albumin. The diluted semen was centrifuged at 1200g
for 15 min at room temperature. The sperm pellet was
resuspended in 0.5 ml HTF to approximately 30 million
sperm/ml. In the second experiment, the sperm suspen-
sion was also subjected to centrifugation on a
discontinuous 45%/90% isolate gradient.

Using the Falcon Petri dishes with an immobilized hya-
luronic acid spot, a drop of sperm suspension was placed
close to the edge of the hyaluronic acid spot, and the
sperm were allowed to spontaneously migrate. The
mature sperm that had completed plasma membrane
remodeling bound to the hyaluronic acid, while imma-
ture sperm with diminished hyaluronic acid receptor
concentrations moved freely over the hyaluronic acid
(Fig. 4). The hyaluronic acid bound sperm also exhib-
ited vigorous beating with increased tail cross-beat
frequency [20,21]. After 15 min (twice the maximum
binding period) [25], the bound sperm were collected
with the ICSI micropipette, fixed with methanol-etha-
noic acid and subjected to FISH. The control for the
selection experiments was always the respective unse-
lected sperm suspension also treated with FISH (Fig. 5).

Experiment 3

Drops (5-10 pl) of sperm suspension were placed on
hyaluronic acid coated glass slides. After a 5-min hya-
luronic acid binding period, the slide was placed at a
slight angle and the unbound sperm were eliminated
by slowly applying and removing drops of HTF until
no free sperm were visible. The hyaluronic acid bound
sperm were removed one-by-one by micropipette and
placed in a marker circled area wetted with HTF,
fixed and subjected to FISH.

From the semen fraction of each man, we analyzed a
mean of 4770 sperm, or 162 210 sperm in the 34 men.
In the hyaluronic acid bound and micropipette-collected
sperm fractions, owing to the burdens of the task, we
studied fewer sperm. In the first experiment, we evalu-
ated 7530 sperm (range 224-1142 sperm per man) and in
the second experiment 9720 sperm (range 373-1955
sperm per man). In the third experiment of individually
selected sperm, we evaluated 24 420 sperm (range 1086—
3973 sperm per man).
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Figure 5 Disomy and diploidy frequencies in semen sperm and hyaluronic acid selected sperm fractions
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ious sperm concentrations and sperm selection
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In the hyaluronic acid bound sperm compared with
unselected sperm, with the three probes studied, the
chromosomal disomy frequencies were reduced to
0.16% from 0.52%, the diploidy to 0.09% from 0.51%,
and the sex chromosome disomy to 0.05% from 0.27%
(a 5.4-fold reduction compared with a fourfold respec-
tive increase in ICSI offspring).

Our hyaluronic acid—sperm selection method provides a
technique for reducing the genetic impact of ICSI ferti-
lization at the traditional evolutionary level by
introducing only mature spermatozoa that would have
been part of the physiological fertilization pool.

Conclusion

The HspAZ chaperone protein is expressed in two
waves. The first wave is in spermatocytes, as HspA2 is
a component of the synaptonemal complex and supports
the meiotic process. The second wave of HspA2
expression is simultaneous with major sperm protein
movements underlying cytoplasmic extrusion and
remodeling of the human sperm plasma membrane.
We believe that retention of the cytoplasm, and the
lack of zona binding and hyaluronic acid binding sites
in immature sperm are directly related to the dimin-
ished expression of HspA2, and also to the
consequential incomplete membrane remodeling.

There is an overall relationship between sperm-shape
abnormalities and frequencies of chromosomal aneuploid-
ies in spermatozoa. This relationship is probably based on

the common upstream and spermiogenctic events of
sperm development. Shape characteristics are, however,
not predictive for ploidy in individual spermatozoa.
Thus, visual shape assessment, that is, choosing the
‘best looking’ sperm, is an unreliable method for ICSI
sperm selection.

The expected advantages of hyaluronic acid mediated
sperm selection in improving ICSI outcome are as fol-
lows:

(1) In sperm selected by hyaluronic acid binding, the
frequencies of chromosomal disomies and diploid-
ies are in the normal range, independent of the
ancuploidy frequencies of the initial semen. In
this respect, the sperm selection properties of hya-
luronic acid are similar to those of the zona
pellucida. The fivefold decline of sex chromosome
disomies is consistent with the increase in chromo-
somal aberrations in ICSI children conceived with
visually selected sperm [33].

(2) Mature sperm selected by virtue of hyaluronic acid
binding are also viable, devoid of persistent hist-
ones and apoptosis, and do not exhibit DNA
fragmentation [25,26,33-35]. Thus, the paternal
contribution of hyaluronic acid selected sperm will
be improved. This should alleviate concerns related
to the potential deterioration of individual develop-
ment and increase in cancer rates following ICSI
fertilization [33-35].
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