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Microinsemination is a revolutionary and promising
technique for the treatment of severe male infertility,
such as severe oligozoospermia, asthenozoospermia,
and the case of unexplained unfertilization in which the
conventional IVF is ineffective even if semen param-
eters are normal. Several different microinsemination
techniques, such as zona opening [1-3], subzona sperm
injection [4, 5], and intracytoplasmic sperm injection
(ICSl) [6], have been introduced. ICSl is considered
the most effective technique, because ICSI has the high-
est fertilization rate and can be performed with the
smallest number of spermatozoa. In addition, this tech-
nique is effective for functional disorders, such as
disorders of capacitation, acrosome reaction, and sperm-
egg fusion. ICSI was first reported in 1992 [6], and for
the above reasons became a powerful fertilization tool
in only three or four years [7, 8].

At first, ICS| was indicated for the treatment of se-
vere infertility in which the probability of pregnancy was
nonexistent or very law. Its indications were then ex-
panded to include azoospermia, and it has been fairly
effective [9-11], but in such cases chromosomal and
genetic abnormalities may be passed on to children [12—
14]. In addition, it has been clarified that ICSI is not
effective in some cases, such as necrozoospermia [15],
in which there are no viable spermatozoa; immotile sper-
matozoa [16], in which viable spermatozoa cannot always
be picked up; cases in which spermatozoa have the
disorder of oocyte activation factor; and azoospermia,
in which mature spermatozoa cannot be found in the
testes. The present paper concerns issues that must
be considered in the performance of ICSI, as well as
limitations to the effectiveness of ICSI.
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Necrozoospermia

In necrozoospermia, every spermatozoa on in semen
is found to be dead when analyzed by vital staining (eosin
stain [17], FertiLight stain (Molecular Probes, Eugene,
OR) [18]). Sperm-injected oocytes are less likely to de-
velop when injected with dead spermatozoa than with
motile spermatozoa. The rate of fertilization for ICSI
ranges from 0 to 11% [15]. Since 1992, 659 patients
have been treated for infertility, a total of 1,317 treatment
cycles at our hospital, and there had been six treatment
cycles for necrozoospermia (3 patients). Among these
cases, the rate of fertilization was 33.3% (5/15 oocytes),
but there were no pregnancies. Since the fertilization
rate was very low, dead (nonviable) spermatozoa may
reduce the oocyte activating factor or have fragmented
nuclear DNA or have chromosome disintegration [19].
Even when the sperm factor is injured and nuclear DNA
is damaged, fertilization is possible with ICSI, but we
cannot get well developed embryos from these sperma-
tozoa, so that there is no hope of pregnancy. In humans,
the development of fertilized oocytes to 4-cell stage em-
bryos is controlled by the maternal genes rather than the
paternal ones [20], so that fertilized oocytes can develop
to this stage regardless of the state of the paternal DNA.
The results of our basic studies on mice have shown
that, when ICSl is performed with killed spermatozoa, the
longer the interval of time from the killing to ICSl is, the
lower will be the fertilization and development rates of
the oocytes. The rate of development to the blastocyst
stage was decreased in a couple of hours from sperma-
tozoa killing. Human sperm nuclei are less stable than
mice sperm nuclei, because even nucleoproteins in ejacu-
lated spermatozoa are not completely converted from
histone to protamine [21]. In addition, in necrozoospermia,
all spermatozoa have been dead for an extended period
of time, so when ICSl is performed with these cells, there
is only a remote possibility of embryogenesis and preg-
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nancy. In such cases, ICSI should be performed by
testicular sperm extraction (TESE) [22].

Immotile Spermatozoa

With immotile spermatozoa, the motility of spermato-
zoa in semen is 0%, but this condition differs from
necrozoospermia in that both viable and dead sperma-
tozoa are found in semen. Of the 1317 treatment cycles
(659 patients) at our hospital, there have been 42 treat-
ment cycles with immotile spermatozoa (30 patients).
The rate of fertilization was about 50%, but there were
no pregnancies. The ratio of viable to dead spermato-
zoa in semen could be determined by vital staining, and
the ratio of viable spermatozoa had a wide range, the
lowest of which was 1% in our cases. The rate of
pregnancy for ICSI with spermatozoa collected from pa-
tients with immotile spermatozoa was lower than that
for ICSI with motile spermatozoa. This was due to the
fact that dead spermatozoa could be used in ICSI. Vi-
able spermatozoa can be identified by the
abovementioned sperm staining technique, but sperma-
tozoa that have been stained by this technique are not
appropriate for injection due to safety concerns. There-
fore, the hypoosmotic swelling test (HOST) was devised
as a means of selecting viable spermatozoa[23]. In
HOST, ballooning of the tail of spermatozoa in a
hypoosmotic solution is morphologically observed in or-
der to assess the function of the cell membrane, that is,
the fertilizing ability of spermatozoa. When viable sper-
matozoa are placed in a hypoosmotic solution, their tails
become noticeably swollen as a sign of properly func-
tioning membranes. Spermatozoa with swollen tails are
collected and transferred to a normal solution. After the
swelling goes down, they can be used in ICSI|. The
fertilization rate for ICS| with HOST ranges from 42 to
76%, and the pregnancy rate is comparable to that when
motile spermatozoa are used [24, 25]. Nonetheless,
caution should be exercised, as the nuclear DNA of
spermatozoa may be damaged in the hypoosmotic so-
lution if nucleoproteins have few SS bonds [26]. When
this technique is not effective, microsurgical epididymal
sperm aspiration (MESA) or TESE is indicated [27].

Azoospermia

If spermatozoa can be retrieved from the epididymis
[28] or testis [10, 11] in azoospermia cases, ICSI can be
performed to fertilize oocytes and achieve pregnancy by
embryo transplantation. In obstructive azoospermia, when
the degree of the disorder is severe or seminal duct re-

construction is not feasible, MESA or percutaneous epid-
idymal sperm aspiration (PESA) [29] is employed. In
addition, with non-obstructive azoospermia caused by a
severe spermatogenesis disorder, testicular sperm ex-
traction (TESE) is performed. The fertilization and
pregnancy rate for this technique is comparable to that
when ejaculated spermatozoa are used [30], but because
in obstructive azoospermia, pregnancy can be achieved
by seminal duct reconstruction in many cases [31, 32],
the above techniques should be performed when semi-
nal duct reconstruction is not effective. In TESE,
spermatozoa are retrieved from testicular biopsy samples.
Since information as to whether spermatozoa can be ob-
tained is important in this method, serum FSH, Jhonsen'’s
score, testicular volume etc., as markers are investigated.
But at present there is no good marker that could predict
the existence of spermatozoa beforehand [33—-35]. Even
under a diagnosis of aspermatogenesis or Sertoli cell
only syndrome, spermatozoa can be retrieved in some
cases. At our department spermatozoa were retrieved in
50% of the former cases, and in 17% of the latter cases.
Testicular spermatozoa are often less motile than ejacu-
lated spermatozoa, but when motile spermatozoa are used
in ICSI, the fertilization and pregnancy rates are compa-
rable to those with ejaculated spermatozoa.

Spermatid Injection

When spermatozoa cannot be obtained despite
TESE, a decision must be made regarding whether sper-
matids should be used.

Spermatids are cells that have undergone two mei-
otic divisions. These cells have the same type of haploid
and the same number of DNA as mature spermatozoa,
and contain centrioles. Spermatids are therefore physi-
ologically comparable to spermatozoa. When spermatids
are used to fertilize oocytes by electric fusion or micro-
injection, newborns have been obtained in experiments
on mice [36, 37] and rabbits [38], thus clarifying that
spermatids have the ability to fertilize and develop.
There are reports on infertility treatments with sperma-
tids for human subjects. Round or elongated spermatids
were collected from patients with non-obstructive
azoospermia who did not have mature spermatozoa in
their testes, and some of their partners became preg-
nant and delivered babies. Table 1 summarizes the
major reports on round spermatid injection [39—48]. As
can be seen in the table, the rates of fertilization and
delivery had been low, but the cause of these poor
results had not yet been clearly identified. The Japa-
nese Infertility Association Ethics Committee cautions
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Table 1. Reports of round spermatid injection in the literature (1995-2000)

Authors Fertilization rate Pregnancy Delivery
Tesarik et al. (1995, 96) [39-40] 36% (14/39) 2 2
Shoysman et al. (1997) [41] 26% (10/32) none none
64% (7/11) 1
Antinori et al. (1997) [42] 56% (75/135) 2 -
Antinori et al. (1997) [43] 47% (7/15) 1 -
Sofikitis et al. (1997) [44] 38.5% (47/122) 3 -
Vanderzwalmen et al. (1997) [45] 22% (57 /260) 1 1
Amer et al. (1997) [46] 25% (63/251) 4 none®
Kaharaman et al. (1998) [47] 26% (51/199) 1 none*
Barak et al. (1998) [48] 27% (10/37) 1 1

T

none means “no”.

against the clinical use of round spermatids in ICSI due
to insufficient basic research, including animal studies.
And fertilization could also be hindered by the etiologic
factor of non-obstructive azoospermia, which is caused
by chromosomal abnormality (Kleinfelter syndrome) [49]
or abnormalities of spermatogenesis-related genes (AZF:
azoospermic factor) [50-53]. There are several reports
mentioning the transmission of Y chromosome deletion
from father to son [54]. Microinsemination offers some
hope for patients with this type of severe oligospermia,
but these abnormalities can be passed on to male chil-
dren in the next generation.

In a classification proposed by de Kretser, spermatids
are electron-microscopically classified into six groups: Sa,
Sb1, Sb2, Sc, Sd1 and Sd2. Sa and Sb1 are round
spermatids; Sb2 are elongating spermatids; and Sc, Sd1
and Sd2 are elongated spermatids[51]. In addition, round
spermatids (Sa and Sb1) are sometimes referred to as
“early” spermatids, and other types of spermatids are
referred to as “late” spermatids [52]. Some researchers
refer to Sd2 as “mature spermatid [53]" or “late elongated
spermatid [54]" to distinguish it from the other late sper-
matids. This leads to some confusion when their results
are evaluated. There are cells that have the same mor-
phology as mature spermatozoa retrieved from the testis:
some are elongated spermatids that are about to detach
from Sertoli cells and spermatids that have already sepa-
rated from Sertoli cells. In wet preparations, elongated
spermatids are sometimes mechanically separated from
Sertoli cells, thus making it impossible to distinguish a
Sd2 from a spermatozoon. In terms of their cellular func-
tions, Sd2 spermatids are comparable to testicular
spermatozoa. Therefore, when the fertilizing function of
Sd2 spermatids is discussed, free Sd2 spermatids should
be considered as testicular spermatozoa.

Among the abovementioned spermatids, the result

means “no report. *: chemical pregnancy.

of fertilization therapy is particularly poor when round
spermatids are used (Table 1). The reason for this is
not clear, but the factors specified below may contribute
to the poor results.

Nucleoproteins

At the round-spermatid stage, nucleoproteins are hi-
stone. Starting at this point, this nucleoprotein is
gradually replaced by protamine, which is more stable
than histone and contains more SH bonds, thus making
it possible for SS bonds to form by oxidation. This
practice can improve nuclear condensation and stabil-
ity, and suppress genetic transcription until sperm genes
are expressed in the oocyte. This structure protects
sperm's DNA, which transmits genetic information to
the next generation[55]. Therefore, with round sperma-
tids, the DNA is fragile and is more likely to be damaged
by the micro-manipulation, resulting in DNA fragmenta-
tion or even chromosomal abnormalities.

Centriole

During fertilization, aster leads the male nucleus to-
ward female nucleus, and its center is known as a
“centriole” (a pair of centrioles are known as a “cen-
trosome”). In addition, during division, a centriole acts
as the center of two spindle poles. As spermatids are
larger than spermatozoa, they are more likely to be physi-
cally damaged during microinjection. In other words,
loss of or damage to the centriole could also contribute
to unsuccesful fertilization when round spermatids are
injected. Because there are no reports mentioning the
centriole of spermatids, further research on this matter
is needed.

Oocyte activating factor
In microinjection, because sperm-egg fusion does not
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occur, the oocyte activating factor (also known as the
“sperm factor”) in spermatozoa is believed to activate
oocytes that remain inactive during the metaphase of the
second meiotic division[56]. This factor has not been
identified, and it is not clear whether it not only activates
an oocyte, but also induces calcium oscillations. When a
round human spermatid is injected into a mouse oocyte,
the oocyte is activated approximately 50% of the time,
but normal Ca2* oscillations are induced in only 50% of
activated oocytes [57, 58]. Artificial oocyte activation is
therefore probably necessary when round spermatids are
used in microinjection. Excessive ooplasm aspiration [39,
40, 42, 43, 45], calcium ionophore treatment [41, 45],
and electric stimulation [59] for artificial oocyte activation
have been introduced when round human spermatids
are used. But with these artificial oocyte activation meth-
ods, Ca?* oscillation is not induced. When Ca?* oscillation
fails to occur in mouse oocytes, the number of cells in
the inner cell mass is reduced during embryogenesis [60].
Therefore, a lack of Ca2* oscillation can adversely affect
the development of early embryos.

Genomic imprinting

A genome consists of a set of alleles and, in many
cases, complementing genes express their function to a
comparable degree, but in some cases only one gene is
selectively expressed to control the development of an
organism. This type of selective inactivation of a gene is
referred to as “genomic imprinting,” and inactivated genes
are referred to as “genomic-imprinting genes.” Thus far,
approximately 20 genomic-imprinting genes have been
identified in human subjects and mice, and many of these
genes are involved in the growth and development of
embryos and the onset of genetic and chromosomal ab-
normalities. During differentiation into reproductive cells,
this imprinting is eliminated, and when male reproductive
cells differentiate into spermatogonia, genomic imprinting
is established to control genetic expression.

In mice, live newborns can be obtained by using pri-
mary spermatocytes [61], thus suggesting that genomic
imprinting is mostly completed at this stage, but these
cells are by no means comparable to mature spermato-
zoa. Genomic imprinting is not completed at the time of
fertilization and, in mature mouse spermatozoa, some
genes, such as the Xist gene, are still demethylated [62].

Future Problems

Fragmentation of sperm DNA
In ICSI, fertilization is said not to be affected by the
sperm concentration, motility, or morphological abnormali-

ties (general parameters) [63]. In the past most studies
investigated the mean motility of spermatozoa in semen,
rather than the motility of individual spermatozoa. There
have been some reports on the motility of individual sper-
matozoa with emphasis on the straight-line velocity (SLV)
in CASA (computed assisted semen analysis). The ten-
dency was that the higher the SLV, the greater the
fertilization rate [64]). The motility of spermatozoa corre-
lates to the degree of DNA fragmentation, and there is a
negative correlation between the degree of DNA frag-
mentation and the IVF fertilization rate [65]. In addition,
the incidence of mitochondrial DNA deletions is high in
spermatozoa with low motility [66]. When unfertilized
oocytes are analyzed after ICSI, the incidence of DNA
fragmentation in spermatozoa with a decondensed head
is lower than that for those with a condensed head [67].
Therefore, when spermatozoa with low motility are used
in ICSI, high-quality fertilization cannot be expected, so
that in order to improve the quality of fertilization, the
most motile spermatozoa should be selected.

The same applies to obstructive azoospermia. The
motility of testicular spermatozoa obtained by TESE is
lower than that of spermatozoa obtained by MESA, but
there are no differences between fertilization rates for
ICSI [68]. In general, sperm concentration, motility, and
morphological abnormalities are important factors in the
selection of spermatozoa for infertility therapy. But we
chose spermatozoa with poor semen parameters for ICSI
procedures. There have recently been reports of an
increased risk of sex chromosomal abnormalities among
children who were born by means of ICSI [68]. In addi-
tion, when epididymal and testicular spermatozoa are
compared in obstructive azoospermia, DNA fragmenta-
tion is seen more frequently in the former [69]. According
to this report, fragmentation was seen in 25% of epid-
idymal spermatozoa, so that spermatozoa retrieved by
TESE should be used in patients with obstructive
azoospermia. It will be important to conduct research
to investigate the quality of gametes.

Oocyte factor

Approximately 85 to 90% of retrieved oocytes are
mature oocytes in metaphase Il, but the older the woman,
the lower the quality of the oocytes is likely to be. In
addition, the greater the age, the higher the incidence of
oocyte chromosomal abnormalities (95.8% for women
above the age of 40) [70]. Furthermore, in mice, frag-
mentation was seen in 25% of aged oocytes (40-48
weeks) [71]. These and other issues associated with
aging can no longer be ignored and there are no solu-
tions to these problems. This is, therefore, the limitation



of ART at this point, making further research necessary.

Conclusion

The ICSI method has now been established. Since

ICSI started without sufficient support in basic animal
experiments, we need follow up studies on babies after
the ICSI procedure. ICSI| might prove to be a good
quality procedure, and the key point for future ICSI might
be the idea of methods for selecting good quality zy-
gotes (genetically safe embryos). And we are making
every effort to obtain good results.
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