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Analysis of chromosome constitution of human
spermatozoa with normal and aberrant head
morphologies after injection into mouse oocytes
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The chromosome constitution of human spermatozoa was
determined after injecting individual spermatozoa into
mouse oocytes. Of a total 279 eggs arrested at first cleavage
metaphase, 200 (71.7%) were suitable for the analysis
of sperm chromosomes. Incidences of spermatozoa with
numerical and structural chromosome aberrations were
1 3 and 6.9% respectively in spermatozoa with normal
head morphology, showing values comparable with those
found in previous studies using the hamster oocyte-human
sperm fusion system. The ratio of X- to Y-bearing spermato-
zoa did not differ significantly from the expected 1:1 ratio.
The incidence of structural chromosome aberrations was
about four times higher in spermatozoa with amorphous,
round and elongated heads (26.1%) than in those with
morphologically normal heads, whereas the incidence of
aneuploidy was not significantly different between the two
groups. No increase in chromosome aberrations was found
in spermatozoa with large heads. The same was true for
spermatozoa with small heads. Although the sample size
used in this study is rather small, the results nevertheless
indicate that some morphological abnormalities in the
sperm heads are associated with their chromosome defects.
Key words: chromosome analysis/human spermatozoa/intra-
cytoplasmic sperm injection/mouse oocytes

Introduction

Humans and great apes are unusual among mammals in that
their semen contains a high proportion of structurally abnormal
spermatozoa (Seuanez et al, 1977). It is generally assumed,
but without supporting evidence, that such spermatozoa are
also genetically defective. The chromosome constitution of
human spermatozoa has been studied following fusion with
zona-free hamster oocytes (Rudak et al., 1978; Kamiguchi and
Mikamo, 1986; Martin et al, 1991), but that system does
not permit the analysis of any specific type of abnormal
spermatozoa. Such chromosome analyses can only be carried
out when an individual spermatozoon is manipulated into
an oocyte.

Martin et al. (1988) injected human spermatozoa into
hamster oocytes to estimate the effects of in-vitro sperm
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storage and of sonication on chromosomes, but according to
our preliminary experiments hamster oocytes rarely cleaved
after such surgery. Thus, some of the chromosome abnormalit-
ies observed could have resulted from the adverse condition
of such a system. In contrast, most mouse oocytes similarly
injected with human spermatozoa cleaved, indicating that they
are perhaps more 'hospitable' to human sperm chromosomes.
For this reason we chose mouse oocytes to compare the
chromosomes of structurally normal and abnormal human
spermatozoa.

Materials and methods

Reagents

The suppliers of the following reagents were polyvinylpyrrobdone
(PVP; 360 kDa) from ICN Biochemical (Costa Mesa, CA, USA);
bovine testicular hyaluronidase (300 USP units/mg) from ICN Bio-
chemical; pronase (Type XI, 110 PUK units/mg) from Calbiochem
(San Diego, CA, USA); bovine serum albumin (BSA; fraction V)
from Calbiochem (La Jolla, CA, USA); fetal calf serum from Gibco
BRL (Grand Island, NY, USA); sodium citrate from Merck & Co
Inc. (Rahway, NJ, USA), Giemsa stain from Hopkin & Williams
(Santa Monica, CA, USA); and mineral oil from Squibb and Sons
(Princeton, NJ, USA). All other inorganic and organic reagents,
including polyvinyl alcohol (PVA; cold water-soluble, 10 kDa), were
purchased from Sigma Chemical Co. (St Louis, MO, USA).

Media

The medium used for cultunng oocytes after microsurgery was CZB
(Chatot et al, 1989, 1990). The medium used for oocyte collection,
subsequent treatments and micromanipulation was HEPES-CZB
(CZB with 20 mM HEPES, 5 mM NaHCO3 and 0.1 mg/ml PVA).
CZB and HEPES-CZB were sterilized by filtration through 0.45 |im
pore filters (Millipore Corp., Bedford, MA, USA) and used under
5% CO2 in air and in air only respectively. Isotonic saline (0.9%
NaCl) containing 12% (w/v) polyvinylpyrrohdone (PVP), called 12%
PVP—saline, was used for washing the injection pipette and for the
dilution (11) of sperm suspension.

Preparation of mouse oocytes

B6D2F] female mice, 7-12 weeks old, were induced to superovulate
by an i.p. injection of 7.5 IU equine chorionic gonadotrophin, each
followed by the injection of 7.5 IU human chorionic gonadotrophin
(HCG) 48-54 h later. Oocytes were collected from oviducts 15-17 h
after HCG injection. They were freed from cumulus cells by treatment
with 0.1% bovine testicular hyaluronidase in HEPES-CZB for
3-5 min. The oocytes were rinsed thoroughly and kept in CZB for
up to 5 h at 37°C under 5% CO2 in air. Oocytes to be injected
with spermatozoa were transferred to a drop of HEPES-CZB in a
microinjection chamber (17-18°C) and held by a holding pipette, one
by one, prior to sperm injection (see below).

O European Society for Human Reproduction and Embryology



Human sperm chromosomes In mouse oocytes

Preparation of human spermatozoa

Fresh human semen samples were obtained from one man of proven
fertility and six men from infertile couples attending a local infertility
clinic Semen samples were allowed to liquefy at room temperature
and analysed for semen parameters using World Health Organization
(WHO) guidelines (1993).

Spermatozoa were separated from seminal plasma by either simple
washing with CZB or a two-layer discontinuous Percoll gradient For
simple sperm washing, semen was mixed with 6 ml CZB and
centrifuged at 230 g for 10 min in a 15 ml sterile centrifuge tube
The sperm pellet was resuspended in CZB, centrifuged again and the
procedure repeated once more. In the PercolJ gradient method, semen
was placed gently on two 3 ml layers of 40 and 80% Percoll in CZB
in a 15 ml stenle centrifuge tube. After centrifugation at 650 g for
30 mm, spermatozoa were collected from the 40-80% Percoll interface
and from the bottom of the tube. The sperm population at the 40-
80% Percoll interface and that at the bottom of the tube both contained
structurally abnormal spermatozoa, but the incidence of abnormal
spermatozoa was higher in the former than in the latter. Two sperm
populations were washed separately in 3 ml CZB by centrifugation
(230 g for 10 nun) to remove the Percoll. Washed spermatozoa were
suspended in 1-2 ml CZB. A drop (20-50 |il) of the sperm suspension
was added to 0 5 ml CZB which had been placed previously under
mineral oil in the centre of a sterile plastic Petn dish (35X10 mm,
Falcon Plastics, Oxnard, CA, USA; cat. no. 3001). The sperm
suspension was kept at 37°C under 5% CO2 in air for up to 4 days
before injection. The concentration of spermatozoa in the medium
was ~ 106-107 spermatozoa/ml. Before injection, one part of the sperm
suspension was mixed thoroughly with one part of 12% PVP-saline.
A drop (~6 |il) of this sperm suspension was kept under mineral oil
in the rmcroinjection chamber (see below) on the microscope stage
and left there for up to 5—6 h at 17-18°C before injection into the
oocytes. Spermatozoa displayed a slow flagellar movement in 6%
PVP-saline, which made the classification of sperm morphology
easier than when they were actively motile in CZB. Only normality
and abnormality of the sperm heads were considered in this study

Sperm heads were classified according to Menkveld et aL (1990)
(l) normal head, ~5 |im in length, ~3 (im in width, with a smooth
outline, (h) large head, >5 \un in length and >3 |xm in width, (ui)
small head, <3 (im in length, (IV) aberrant head, including amorphous,
round and elongated heads (Figure 1) Other head abnormalities, such
as double-headed, were not considered in this study

Sperm injection

The cover (10 mm in depth) of a plastic Petn dish (100X15 mm;
Falcon Plastics; cat no 1001) was used as a rmcroinjection chamber.
A row consisting of one round droplet (2 (oJ, 2 mm in diameter) and
two elongated droplets (6 (il, 2 mm wide and 6 mm long) was placed
along the centre line of the dish. The round droplet was the pipette
washing medium (12% PVP-saline). The first elongated droplet was
the sperm suspension in 6% PVP-saline The second elongated
droplet was HEPES-CZB for oocyte storage and injection. All these
droplets were covered with mineral oil and kept on the cooled
(17-18°C) stage of an inverted microscope with Hoffman differential
interference optics

A single motile human spermatozoon was injected into a mouse
oocyte as described previously for die injection of mouse epididymal
spermatozoa (Kimura and Yanagimachi, 1995) A spermatozoon was
sucked, tail first, into an injection pipette attached to a piezo-electnc
micropipette-dnving unit (model PMM-01 micromanipulator; Pnma
Meat Packers, Tsuchiura, Japan) When the junction between sperm
midpiece and principal piece was at the opening of the pipette, two
or three piezo-pulses were applied to immobilize the spermatozoon.

Figure 1. Phase-contrast micrographs of human sperm heads,
(a-a') Surface and side views of spermatozoa with a normal head
morphology; (b-b') surface and side views of small-headed
spermatozoa; (c) surface view of a large-headed spermatozoon,
(d—h) spermatozoa with amorphous heads, (i) a spermatozoon with
a round sperm head; (j) a spermatozoon with an elongated head
Magnification X3400.

Then two or three additional piezo-pulses were applied to the sperm
head region. These additional piezo-pulses were not necessary for
spermatozoa from some men, but they facilitated the nuclear decon-
densation and transformation of spermatozoa from other men. The
spermatozoon was sucked deeply into the injection pipette and the
pipette tip was brought into contact with the zona pellucida of a
mature oocyte on a holding pipette. The zona was drilled by piezo-
pulses, the spermatozoon was pushed forward until its head was
near the tip of the injection pipette and the pipette was advanced
mechanically until its tip almost reached the opposite side of the
oocyte's cortex. The oolemma was broken by applying one or two
piezo-pulses, and the enure spermatozoon was expelled into the
ooplasm with a minimum amount of accompanying medium. After
as much as possible of the medium was retrieved, the pipette was
gently withdrawn. All procedures were performed at 17-18°C. It
usually took 20-30 min to inject morphologically normal spermatozoa
into a group of five to 10 oocytes. The injection of abnormal
spermatozoa usually took longer because we had to search for the
spermatozoa that met our criteria for abnormalities

Incubation and block of syngamy

Sperm-injected oocytes were kept in the operation medium (HEPES-
CZB) for -20 min on the cooled (17-18°C) stage of the microscope
before transfer into a dish of HEPES-CZB at room temperature
(24-25°C). The oocytes were transferred 10 min later into 50 pi CZB
under mineral oil in a plastic dish and incubated at 37°C under 5%
CO2 in air (Kimura and Yanagimachi, 1995). About 6-8 h after
injection, the oocytes were examined with an inverted microscope
and those with two pronuclei were transferred into 50 JJ.1 CZB
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