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Evaluation of PTEN, p-A%t, p33, ER and PR caprossions in pre- and under-MPA samples from 31 oases with CAH or TaGi

Case Pre-MPA HC ider-MPA HHC Duration of MPA®
{months)
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LA soove: 4. negatives 3, decreased: 2, equaly and 3 increased staining intensity compared 1o the cormsponding normal endometrial
epithelium. “0+ 17 means a heterogencous staining pattern where tumor onlls with negative and decreased staining are mixed.

2 Mot determined berause no umor cells were found in under-MPA. samples due 1o complete response.

¥ Mot determined beorause sample conditions were ot informative.

endometrial tumors has not been clarified. It has
been recently reported that the level of phospho-
Akt is decreased in endomeirial stromal cells under-
going progesterone-induced in vitro decidualization
{241 Marino et al have reported that estradiol-in-
duced Akt phosphorylation is modulated by PTEN
via MAPK pathway {131 Furthermore, 3 recent
study by Guzeloglu-Kayisli et al. has proposed that
estradiol may downregulate PTEN activity by
increasing its phosphorylation, while progesterone
is likely to regulate the PTEN pool by decreasing
its phosphorylation and increasing its protein level
in endometrial cells {14}, These published findings
suggest that anti-tumor effect of progesterone on
endometrial tumor may be mediated by upregula-

tion of PTEN protein, which subsequently down-
regulates Akt phosphoryiation. In fact, the current
study has shown that phospho-Akt expression is
significantly decreased by MPA treatment (Figs,
1C, D and 23 Our observation in vivo 18 also congis-
tent with the recent report by Chen et al. that pro-
gesterone inhibits the PIZK/AKU/GSK3B/cyclin
D/pRb pathway to block uterine epithelial cell
proliferation {25} Furthermore, we have found that
presence of PTEN-null tumor celis and weak pheos-
pho-Akt expression in pre-treatmueni specimnens arg
both associated with a trend to undergo hysiergcto-
my, and that combination of these two factors
correlates with receiving hysterectomy with statisti-
cal significance (Table 3). Because undergoing
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Table 3
Asspoiations between pathological/imnmnchistocherrical variables and post-treatment hysterectomy after MPA therapy or pregnancy
after infortility tatment
VYariable Hysterertomy Pregnancy
Mo Toral (%4 2 value® Neo/Towal (Y 2 vahwe?

Histology

31 937 3iLizh

CAH L/ {10 82 519 {56 6.4
FYEN-nufl mmor cells™

Present 5712142} ND

Absent 3715 4.2 ND
p-Aks”

42 349 £56) nND

24 32005 047 ND
PTEN-wll or p-Aky < 254

Yes 716 {44y ND

Mo 1413 {83 0.04 ND
p3¥°

25 3/8 (38) ND

<2 3428 (24 4.6 ND
ER?

24 513 (393 &1 (6T}

%2 3/16 19y 8.4 2011 (18 0.08
PR

23 U 578 143}

<3 /18 28y 1.9 312425 8.2
ER » 2 and PR == kid

Yes 37% {383 546 {833

No 5421 {24y LIRS 314420 {492

! pvalue was cakulated by »/ test or Fisher's exact 1est, wherg appoprisiz,

B THC seove of each vase s shown in Table 2,
¥ PTEN-wall means HHC score induding 1,

hysterectomy. which means no response to MPA or
relapse of carcinoma after MPA in our treatment
protocol, shonld represent the consequence of bio-
logical sensitivity of tumor to the treatment, these
observations can be interpreted as follows; PTEN-
null tumor cells can be thought to be resistant to
PTEN-mediated apoptosis andfor growth arrest,
and lack of activated Akt means that down-regula-
tion of Akt has weak or no effect on the tumor cells.
Interestingly, PTEN null and low phospho-Akl
were found to mostly coexist in the same cells in
the samples exhibiting both of these staining pat-
terns {Fig. 11 and J), suggesting that another
unknown alteration in some component of the
PI3K pathway may be interrupting the activation
of Akt by PTEN dysfunction in these tumor cells.
Although our immunohistochemical analysis has
shown that phosphorylation of Akt is significantly
decreased by MPA administration, we have failed

to detect increase of PTEN expression by the treat-
ment. We speculate that it may be theoretically dif-
ficult to fully evaluate PTEN activation/inactivation
only by immunchistochemical analysis, because
PTEN inactivation includes genetic alieration such
as missence mutations and post-iransiational modi-
fication such as phosphorylation of the C-terminal
tail and oxidatien of cysteine residues in the
catalytic site, all of which cannot be detected by
our immunohistochemistry [26,27]. Additienally,
wy previeusly demenstrated that different mutation-
al sites in PTEN gene might have different degrees
of PTEN dysfunction, causing different prognuostic
impacts in patients with endometrial carcinoma
[81. Morcover, Agrawal et al. have recently reported
that different splice-site mutations of PTEN gene
resulting in the deletion of different exons lead to
distinct biochemical ouvtcomes such as reduoeced
prolmn and/or ipid phe&phahm activities {281
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Fig. 2. Comparizon of immunohistochemical stainings of p-Akt,
PTEN, p33. ER and PgR in pre- and under-MPA samples from
endometral tumors {» == 19}, THC scores of each caw are shown
in Table 2. Representative score for pases with holerogenous
staining pattern was calenlated as the average of total scores. P
value was caloulated by Wikcoxon signed-ranks test,

We suspect that insufficient evaluation of PTEN
dysfunction by immunchistochemistry may be also
the reason why the presence of PTEN-null cells
was not a statistically significant factor correlating
with receiving hysterectomy in the current siudy.
Cur study has examined only pre- and under-
MPA tregtment samples, but not post-treatment
samples. In a mcent study by Zheng et al., they have
examined PTEN immunohistochemistry of pre and
posiprogestin-treated endometria and concluded
that progestin therapy promotes involution of
PTEN-null endometrial glands 21 However, it can
also be speculated that progestin treatment must
have induced involytion of not only PTEN-null
glands but also PTEN-expressing glands, because
the current study has demonsirated that there are
12 strongly phospho-Akt expressing cases without
PTEN-null tomor cells which completely responded
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1y, It is more plausible to speculnte that progestin
induces apoptosis in all endometnal glands includ-
ing neoplastic glands which have acquired PTEN
inactivation, rtesulting in generation of normal
glands without PTEN inactivation in post-MPA
atrophic endometria. It is further sugeested from
our observations that a small number of PTEN-null
or weak-phosphe-Akt tumor cells, which are resis-
tant to progestin, survive, resume proliferation after
treatment, and progress to persistent disease.

Our immunohistochemical evaluation has found
no significant difference in the sizining intensity of
p33 between pre- and under-MPA samples. Howev-
er, Kester ot al. have reported that prelonged pro-
gestin ireatment indues the promoter of p2i
through activation of p33 in human endometrial
tumeor cells, and that the activation of p33 by pro-
gestin may be caused by nuclear translocation of
P33 1291 Additionally, they have noted that p33 is
mostly nuclear after 1 day of progestin ireatment,
but the difference is less proneunced for longer
treatments. Beeause the duration of MPA treatment
between pre- and under-MPA samplings in our
study 15 2.8 months on average {Table 2), that
may be the reason why we did not observe difference
in nuclear p33 expressions by MPA. It is possible
that phosphorylation or acetylation of p33 is
involved in Hs sctivation by long-termn progestin
treatment 30},

Infertility treatment aftec long duration of pro-
gestin therapy is occasionally very difficult because
of poor response of hormonally ablated atrophic
endometria. However, our data have shown that
strong expression of both ER and PgR in tumor
cells in pre-MPA samples is significantly associated
with successful pregnancy after infertilily treatment
following CR to MPA. Although we also examined
espressions of ER and PeR in endometnial stroma, .
ne  association with pregnancy oulcome was
observed {data not shown). Expression level of
ovarian-steroid receptors in tumor cells must reflect
the biological property of the endometrial epithe-
Imm where the tumor originated. Therefore, it is
reasonable to presume that the abundance of ER
and PgR in endometrial glands will provide &
receptive microenvironment for embryo implanta-
tion through sufficient response to ovarian steroids,

in summary, by immunchistochemical analysis
of MPA-ireated patients’ spectmens, we demon-
strate here that anti-tumor effect of MPA may be
meciated by dephosphorylation of Akt, and ihat

te MPA withowt resulting in hysterectomy {Table

imgnunohistochemival  analysis  of  phospho-Aki
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and PTEN may be able to predict the outcome of
conservative MPA therapy in CAH and 1aGl. It
iz also shown that ER and PgR expressions may
correlate with pregnancy outcome of infertility
treatment following MPA therapy. Although fur-
ther accumnlation of cases is required to confinm
our proposal, the current observations provide nov-
¢l implications for the treatment selection in young
patients with CAH or 1aG1 who are willing to pre-
serve their reproduciive potential. Additionally, our
data suggest that newly discovered Akt inhibitors
may be possible chemotherapeutic agents for Aki-
activated endometrial tumors [31,32]
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Complete removal of HIV-T RNA and proviral DNA
from semen by the swim-up method: assisted

reproduction technique using spermatozoa free
from HIV-1
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Background: Use of antiretroviral drugs has reduced the mortality rate for HIV infection
and many HIV-discordant couples wish to have children. It is possible for an HIV-
infected man to father children without risk of HIV transmission if H1V-free spermatozoa
can be obtained from his semen.

Methods: An improved swim-up method was used to collect HIV-free spermatozoa
from the semen of HIV-positive males. Diluted semen was layered over a Percoll
solution with a continuous density gradient of 30-98%, and then centrifuged. The
bottom layer was collected by cutting the end from the tube and the sperm suspension
was collected using the swim-up method. Spermatozoa were tested by nested poly-
merase chain reaction (PCR) for HIV-1 RNA and DNA, with a detection limit of one
copy. Spermatozoa were used for assisted reproduction in 43 couples.

Results: HIV-1 RNA and proviral DNA were not detected by nested-PCR assay in ail 73
of the collected spermatozoa samples from 52 patients. The HIV-1-negative sperm was
used for in vitro fertilization in 12 couples and for intracytoplasmic sperm injection in 31
couples. No detection of HIV-1 RNA or proviral DNA in the culture medium of the
fertilized eggs was confirmed again before embryo transfer. Of the 43 female partners,
20 conceived and 27 babies were born. HIV antibodies, HIV RNA and proviral DNA
were negative in all of the females and babies.

Conclusions: HIV-negative spermatozoa could be obtained from semen of HIV-
positive men. The method involves no risk of HIV transmission to female partners
and their children. © 2006 Lippincott Williams & Wilkins
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Introduction

Since the mid-1990s, the use of HAART has spread, and
the AIDS mortality rate has decreased by more than 80%
in the industrialized world [1]. HIV infection/AIDS is
becoming a controllable chronic infection and HIV-
infected individuals are now living longer. Many HIV-
positive people are getting married and wishing to
have children.

Semprim et al. [2] reported that they had conducted
artificial inseminations in more than 2000 HIV-discor-
dant couples (HIV-positive male and HIV-negative
female) using their swim-up method, and that no HIV
transmission was observed. However, their method may
be suboptimal because it has not been proven to remove
HIV RNA completely, and they did not measure proviral
DNA in mnfected cells in the semen. Zhang ef al. [3]
reported that HIV may be present as proviral DNA in
seminal cells in HIV-infected men who have achieved
undetectable levels of viral RINA in plasma with HAART,
and this HIV could be capable of sexual transmission. It
has not been determined whether HIV is attached to
spermatozoa or whether spermatozoa can be infected
with HIV [4,5]. Therefore, contraception is recom-
mended for HIV-discordant couples, even if HIV RNA is
undetectable in plasma [3].

Authorities in different countries have different opinions
concerning the use of assisted reproductive technology
using spermatozoa collected by the swim-~up method [6—
8]. However, it would be possible for an HIV-infected
man to father children without risk of HIV transmission if
HIV-free spermatozoa can be obtained from his semen.
This study examines an improved swim-up method
for isolating HIV-free sperm and its use in assisted
reproductive methods.

Methods

This clinical study was approved by the ethics committees
of Niigata University, Ogikubo Hospital, Keio University
and Kyorin University. All of the couples visited the
Hematology Department of Ogikubo Hospital and
received counselling and explanations of the clinical
study. Informed consent was obtained from all participat-
ing couples. Semen was obtained by masturbation, and
then tested for sperm concentration, motility and

deformity.

Percoll preparation

An 1sotonic solution of Percoll (Amersham Life Science,
Tokyo, Japan) was made by dissolving 980 g Percoll in
10.0ml 2.0 mol/l Hepes-NaOH, pH 7.4, 10.0ml
human serum albumin (25%w/v), 0.05 g fosfomycin
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and 0.05 g cefarotin. The resulting 98% Percoll solution
was sterilized with a Millipore filter (0.45 pm pore size).

Semen pretreatments

The procedure is shown in Fig. 1. Ejaculates were diluted
twice with Hanks solution, followed by standing in a test
tube for 10 min to precipitate filterable micro-calculus,
then filtered through an ART filter (20 pm clearance;
ART filter, Nipro, Osaka, Japan) to remove fibers, micro-
calculus and mucinous debris. The upper phase of sperm
suspension was loaded onto 6 ml Percoll linear gradient
from 98% to 30% in a separable fine-neck tube (Nipro)
and centrifuged at 400 X g for 30 min. The separable
fine-neck tube was made of glass, and its bottom was
squeezed to minimize the volume of sediment. To recover
the sperm precipitated in the bottom tip, the top of the
tube was plugged with a rubber cap, and the middle of the
squeezed bottom was snapped off with an ampoule cutter.

Motile sperm were separated by the modified swim-up
method. A fine glass capillary was inserted in 2 ml of the
medium in a vial, then a needle tip was introduced to the
bottom through the inner capillary. The motile sperm
were allowed to swim up at 37°C in an incubator with 5%
COy~air. After 60 min, 1 ml of upper layer was collected,
containing the sperm that had swum up.

The sperm suspension was divided into two portions.
One was used for HIV assessment, and the other was
cryopreserved with KS-II medium [9] in a liquid
nitrogen container.

Standard HIV-1 materials

MOLT4 cells infected with HIVya; and its culture
supernatant were used as standards for HIV-1-infected
cells and virus stock, respectively. RINA purified from
virus stock and the pNL4-3 plasmid [10] were the
standards for HIV-1 RINA and DNA, respectively. The
concentrations of the standard HIV-1 DNA and RNA
were determined by spectrophotometry and the null-class
equation of the Poisson distribution of the reverse
transcriptase (RT)-nested polymerase chain reaction
(PCR). Cells were counted using a Burker-Turk
hemocytometer (Emergo, Landsmeer, the Netherlands).
The virion concentration was considered to be half the
virus RNA concentration.

Detection of HIV-1 RNA and DNA

The samples of sperm suspension, culture medium or
plasma were centrifuged at 35500 x g for 1h at 4°C.
RINA and DNA were extracted from the precipitate using
QIAamp UltraSens Virus Kit (Qiagen, Tokyo, Japan).
One fourth of the eluate was tested in quadruplicate by
RT-nested PCR as follows. The RT reaction was
performed by incubation at 42°C for 10min in a

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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20 plsolution consisting of 1 X PCR buffer 1I (10 mmol/]
Tris-HCI pH 8.3, 50 mmol/] KCl; Perkin Elmer Life
Sciences, Yokohama, Japan), 3 mmol/l MgCl,
0.2 mmol/l each dNTP, 0.1 pmol/l primer GAIR
(5'-CCCAGGATTATCCATCTTTTATAG-3', 1595~
1572 [10]), 4 U RNasin (Promega, Tokyo) and 20 U
SuperScript Il (Invitrogen, Tokyo, Japan). The whole RT
product was subjected to a first-round PCR. in a 50 pl
solution consisting of 1x PCR buffer II, 4 mmol/]
MgCl,, 0.2 mmol/l each dNTP 0.2 wmol/l primers
GAIFE (5-TGTTAAAAGAGACCATCAATGAGG-%,
1388—-1411) and GAIR and 0.5 U AmpliTaq (Perkin-
Elmer). Then, 1 pl of the first-round PCR product was
used in the second-round PCR in a 50 ul solution
containing primers GA2F (5-GGCCAGATGAGA-
GAACCAAGG-3', 1465-1485) and GA2R (5'-
CATCCTATTTGTTCCTGAAGGGTAC-3', 1535-
1511) and the other components in first-round PCR.
The primers were located in gag p24. The thermal profile
of PCR in GeneAmp PCR System 9700 (Applied
Biosystems, Tokyo, Japan) was 94°C for 2 min; three
cycles of 94°C for 55,48°C for 10 s and 72°C for 155
22 cycles 0of 94°C for 5 s, 60°C for 10 s and 72°C for 15 s;
with a final cycle of 72°C for 1 min and then the mixture
kept at 4°C. The PCR products were electrophoresed
through a 2.0% agarose gel in the presence of 0.5 pg/ml
cthidium bromide and photographed under ultraviolet
illumination. Throughout the procedure, the medium
used for washed sperm or fertilized eggs was the negative
control and this medium with 10 virions added was the
positive control. The whole process took approximately
5 h. For samples of peripheral blood mononuclear cells
(PBMC), DNA was extracted using QIAamp DNA Kit
(Qiagen) and 0.5 pg of the DNA was tested in triplicate
by the PCR. procedures omitting reverse transcription.
Competitive RT-nested PCR was performed as pre-
viously described [11].

Infectivity of HIV-1 during incubation

After incubation at 37°C under 5% CO, for various
periods, the virus stock was added to 5 X 10° stimulated
donor PBMC in 1 ml RPMI 1640 medium supple-
mented with 30% immobilized fetal calf serum and
70 U/ml human recombinant interleukin 2 (Shionogi,
Osaka, Japan), and further incubated for 5 days. The
culture supernatants were tested for p24 concentration

with VIDAS HIV P24 1T (BioMérieux, Tokyo, Japan).

Clinical study

If the HIV-1 testing for virion RNA and proviral DNA
was negative, the other portion of frozen: sperm was
thawed for use in assisted reproduction. Mature eggs were
obtained by means of ovulation-inducing drugs, and then
placed in a dish containing 3 ml RPMI culture medium
{20% albumin). The HIV-1—-negative sperm solution was
introduced to eggs by means of in vitro fertilization (IVF)
or intracytoplasmic sperm injection (ICSI), and the dish

=iV

containing treated eggs was mncubated at 37 C under 5%
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CO, for 48 h. Before embryo transfer, the culture
medium for the fertilized egg was collected and tested for
the presence of HIV-1 again. Only when HIV-1 RNA
and DNA assays by nested PCR were negative was
embryo transfer conducted. All the female partners who
underwent assisted reproductive therapy, even those who
did not conceive successfully, were tested for HIV
antibodies, HIV-1 RNA and proviral DNA in the blood
at 1 and 3 months after the assisted reproductive
technique and after delivery. The babies were tested
for HIV RNA and proviral DNA in umbilical cord blood
at birth and in blood until 6 months after birth.

Results

Sensitivity of the HIV-1 RNA/DNA test

The procedure to detect a single copy of either HIV-1
virion RNA or proviral DNA in sperm suspensions (the
HIV-1 RNA/DNA test) was developed by selecting and
improving techniques in three main steps (collection of
HIV-1 virions and infected cells by centrifugation,
extraction of wviral RNA and DNA with silica-
gel-membrane technology, and the detection of the viral
RNA and DNA by nested PCR) to achieve zero apparent
loss in recovery at each step. First, the exact virion
concentration of the standard HIVya; virus stock was
determined by direct RT-nested PCR  at endpoint
dilution by using the null-class equation of the Poisson
distribution. Then, one virion of HIVy 41, on average, was
added to 1 ml Sydney IVF medium (Cook, Tokyo, Japan)
and the whole procedure was initiated. When one fourth
of the eluate from an extraction column was examined

(replicated four times) with RT-nested PCR, 12 of

1 2 3

Fig. 1. Revised swim-up method to remove HIV completely.
(1) The semen is diluted and debris allowed to precipitate.
(2) The suspension is filtered, 0.1 ml Percoll added to the
bottom, and the tube is centrifuged. (3)The sperm sediment is
layered onto a linear gradient of Percoll (30-98%). (4) After
centrifugation, the sediment is recovered by cutting the tube.
(5) The sperm suspension is introduced into the bottom of the
culture medium using a microtube. (6) The sperm that swim
up are recovered.
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20 samples exhibited at least one band in four reactions
(Fig. 2). Next, a single MOLT-4 cell chronically infected
with HIVy oy was added to 1 m] Sydney IVF medium and
subjected to the HIV-1 RINA/DNA test without reverse
transcription. RT-nested PCR showed that 6 of 10
samples exhibited positive reactions. The ratios of positive
reactions for virions (60%) and infected cells (60%) were
in close agreement with that predicted from the Poisson
distribution (63%), providing evidence that the protocol
has the ability to detect RNA/DNA in a single virion as
well as 1n a single infected cell when present in as much as
1 ml of IVF medium. To study the influence of the
presence of sperm in the medium on the sensitivity of the
test, two sets of five samples containing 0.5, 1, 2, 4 and
8 x 10%/ml spermatozoa in Sydney IVF medium were
tested; one set was mixed with 50 virions and the other set
with 100 infected cells. The numbers of virion RNA and
proviral DNA from sperm-~containing samples that were
determined by competitive PCR. varied in the range
75—112 copies (note two RINA copies/virion) and
96122 copies, respectively, in a manner that was not
dependent on the sperm quantity. These results strongly
suggest that the protocol can detect a single virion or
infected cell even in the presence of up to 8 x 10°
spermatozoa per sample.

Removal of HIV-1 virions and infected cells from
mixed semen by sperm-washing

To assess the efficiency of sperm-washing procedures with
Percoll density gradient centrifugation and swim-up for
removal of HIV-1 from semen, HIV-1 virions or HIV-1-
infected cells were added to healthy donor semen. When
2 x 107 virions HIV-1 were mixed with 1.6 ml healthy
donor semen containing 6.3 x 10 spermatozoa/ml, 63
copies of HIV-1 RNA were detected after centrifugation
but no HIV-1 RNA was detected after swim-up. When
5 x 10° HIV-1—-infected cells were mixed with 1.6 ml of
healthy donor semen containing 6.3 X 107 spermatozoa/
ml, no HIV-1 DNA was detected after either centrifu-
gation or swim-up. The sperm suspension collected after
swim-up was 1.0 ml in volume and contained 50 000
spermatozoa of 100% motility.

Decay of infectivity of HIV-1 during incubation

A virus solution of HIVyay was incubated in culture
medium for various periods and the p24 production
ability was quantified in stimulated PBMC to evaluate the
stability of HIV-1 in vitro with regard to infectivity.
Infectivity decreased semiexponentially with a half-life of
approximately 13 h.

Results of the clinical study

A total of 52 HIV-1-positive individuals participated in
the clinical study (Table 1); 29 were haemophiliacs and 23
had become infected through sexual contact. The median
age was 33 years (range, 27—44) in the 16 untreated
individuals, 34 years (range, 28—41) in patients receiving
antiretroviral drugs and with viral load > 50 copies/ml,
and 32 years (range, 20-51) in patients receiving
HAART and with viral load < 50 copies/ml. Median
plasma viral load was 17 500 copies/ml (range, 70—
100 000) in the untreated group and 1500 copies/ml
(range, 54-31 000) in patients receiving treatment and
with a viral load > 50 copies/ml.

Among 48 patients whose partner had assisted repro-
ductive therapy, the median plasma viral load was
17 500 copies/ml (range, 70—100 000) in 15 patients in
the untreated group, 4800 copies/ml (range, 54—31 000)
in 10 patients receiving antiretroviral treatment and with
viral load > 50 copies/ml, and < 50 copies/ml in 23
patients taking HAART. Median CD4 cell count was
365 cells/pl (range, 66—1071) in the untreated group,
457 cells/ul (range, 60-652) in patients receiving
antiretroviral drugs and with viral load > 50 copies/ml,
and 399 cells/pl (range, 41-792) in patients receiving
HAART and with viralload < 50 copies/ml. The median
sperm count of the HIV-positive males was 47 X 10%/ml
(range, 0-82) in the untreated group, 41 X 10°/ml
(range, 0—65) in patients recetving antiretroviral drugs
and with viral load > 50 copies/ml, and 35 X 10%/ml
(range, 0—120) in patients receving HAART and with
viral load < 50 copies/ml.

Azoospermia occurred in four patients, who were
excluded from this study.

Fig. 2. Reverse transcriptase nested polymerase chain reaction (RT-nested PCR) capable of detecting a single copy of HIV-1
RNA. One virion of HIV-1, 4, on average, was added to 20 sets of T ml Sydney IVF medium and then tested with the RT-nested
PCR. When one fourth of the eluate from an extraction column was examined (in quadruplicate) with RT-nested PCR, 12 of 20 sets
(lanes 1-10 and 13-22) exhibited at least one band in four reactions. Lanes P, positive control using 10 copies of HIV-1, 4, RNA;

lanes N, negative control with no HIV-1 RNA.
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Table 1. Characteristics of male patients with HIV infection.

Untreated men

Men treated with HAART

Viral load > 50 copies/ml Viral load < 50 copies/ml

(n=16) (n=13) (n=23)

Median age [years (range)] 33 (27-44) 34 (28-41) 32 (20-51)
Route of infection

Haemophilia 10 8 11

Sexually transmitted 6 5 12
Median HIV viral load in 17 500 (70-100 000) 1500 (54-31 000) < 50

serum [copies/ml (range)}
CD4 cell count [cells/pl (range)] 365 (66-1071) 457 (60-652) 399 (41-792)
Sperm concentration {x 10%m! (range)] 47 (0-82) 41 (0~65) 35 (0-~120)
Azoospermia {No.) 1 2 1

In all patients, the median motility rate was 28%, and the
median incidence of morphologically normal spermato-
zoa was 12%. The median concentration of spermatozoa
in patients (excluding the four patients with azoospermia)
was 42 X 10°/ml (range, 3-120) and 52 x 10°/ml
(range, 0—170) spermatozoa were collected after the
Percoll centrifugation. The median motility rate was 28%
and 45% before and after the Percoll procedure.
Following the swim-up method, there were 1.5 x 10°/ml
(range, 0—11) collected spermatozoa, and the motility
rate was 100%. Spermatozoa could be collected by the
swim-up method in 73 semen samples from the 48
patients. No HIV-1 RINA or proviral DNA was detected
in any sperm suspensions collected after the swim-up
procedure. The HIV-1-negative sperm was used for IVF
in 12 couples and for ICSI in 31 couples. HIV-1 RNA or
proviral DNA could not be deptected in the culture
medium of the fertilized eggs before embryo transfer. Of
the 43 female partners, 20 conceived and 27 babies were
born. HIV antibodies, HIV RNA and proviral DNA were
negative in all of the females and babies.

Discussion

This study demonstrated that it is possible to detect a
single copy of HIV-1 RNA or proviral DNA, and that
HIV-negative spermatozoa can be obtained from the
semen of HIV-positive males with the careful use of
density gradient centrifugation and the swim-up tech-
nique. There has been no HIV-1 transmission in any of
the female partners who underwent IVF or ICS], nor in
any of the babies.

Some studies have indicated that HIV can bind and enter
into spermatozoa [4,5,12,13]. However, CD4 is not
expressed on the surface of spermatocytes or spermatozoa
[14,15]. Brogi et al. [4] have reported that HIV can attach
to the surface glycoprotein of spermatozoa. In children at
birth, the infection route is considered to be mother to
child [16], and there is no case report of a child or embryo

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

who has been infected with HIV via spermatozoa. It has
also not been proven that a spermatid could be infected
with HIV during spermatogenesis. This study showed
that spermatozoa collected by the swim-up method were
neither infected with HIV-1 nor had HIV-1 attached
to them.

Semen contains spermatozoa, seminal plasma, white
blood cells, microbes, metallic crystals and fibres of
underwear. If components with higher density than
spermatozoa are in a sample at centrifugation, those
components may bring viruses and infected cells down to
the bottom sperm fraction. Therefore, in our technique,
we left diluted semen undisturbed to settle heavy
components, and then took the sperm-containing upper
fraction. If the sperm fraction (the bottom layer)
following Percoll centrifugation is pipetted through the
other denser layers, as is commonly done, HIV may
contaminate the sperm fraction via the tube wall. In this
study, we sealed the top of the tube after centrifugation
and collected the sperm fraction by cutting off the bottom
layer, which prevented contamination from the higher
layers.

Gomibuchi ef al. [17] reported that their method could
not reduce HIV-1 RINA in semen to < 100 copies/ml in
55.6% of patients. Kuji ef al. [18] have reported that the
use of endotoxin-free Pureseption for semen processing
had a lower elimination rate for HIV than the Percoll
method. Some groups have used a swim-up technique in
which the spermatozoa collected after centrifugation
with a separating solution were washed with a culture
medium and layered below the medium, followed by
swim-up. Because the difference in the specific gravity of
the sperm suspension and that of the culture medium is
small, HIVand mononuclear cells may easily diffuse to the
top layer during the swim-up method [17]. The actual
procedures of the swim-up method, such as semen-
washing techniques, the materials used in centrifugation,
the concentrations of separating solutions, and the
methods used to collect the bottom layer (sperm fraction)
vary among researchers [17,19,20]. Therefore, it is
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considered that the HIV elimination rate will also vary.
Qur improved swim-up method provides a safer
procedure for use in assisted reproductive techniques.

Semprini ef al. {2] have reported that HIV transmission
has not occurred in over 2000 patients who underwent
artificial insemination using their method. Their success-
ful results may be explained by the fact that infectious
HIV is less than 1/10 000 of all HIV virions [11,21,22]
and that removal of the HIV-producing mononuclear
cells by the swim-up method is a major factor in reducing
infection risk. We have reported that a female was
infected with HIV-1 after six artificial insemination
procedures using sperm prepared only by centrifugation
in another hospital [23]. Artificial insemination should
not be performed when inadequate HIV elimination
methods are used or when the absence of HIV is not
confirmed by highly sensitive tests.

Most HIV-infected patients in this study had low sperm
counts and sperm motility rates, and provided a small
number of spermatozoa after the swim-up method. As we
try to achieve higher virus elimination rates, the number
of collected spermatozoa becomes small. Ohl et al. [24]
reported no pregnancies after artificial insemination using
sperm obtained by the swim-up method. If it takes too
long for PCR procedures, or if spermatozoa are frozen,
the fertilization ability of the spermatozoa may be
decreased and the probability of pregnancy may be low. It
1s difficult to confirm rapidly the removal of HIV-1 RNA
and DNA in spermatozoa actually used for artificial
insemination. CD4 and chemokine receptors are not
expressed on eggs [25] and, therefore, eggs cannot
become infected with HIV in the sperm suspensions
collected using the swim-up method even if HIV is
present in the suspension. If the suspensions are
contaminated with a small amount of HIV, the infectivity
of the HIV would still decrease to below 1/10 after a
2 day incubation. In addition, in IVF or ICS], it is possible
to confirm the absence of HIV-1 in the culture medium
of fertilized eggs before embryo transfer. Therefore, we
conducted IVF or ICST using frozen spermatozoa that had
been confirmed negative for HIV-1.

In conclusion, we have demonstrated thatitis possible to
collect spermatozoa with evidence of the absence of
HIV-1 RNA and proviral DNA from semen of HIV-
infected males. Whatever method is used for assisted
reproductive technique and for removal of HIV from
semen to reduce the risk of secondary transmission, it is
essential to confirm the absence of HIV-1 RINA and
proviral DNA in the sperm preparation used for the
assisted reproductive technique with the most sensitive
tests possible.

Sponsorship: This study was supported, in part, by
grants from the Ministry of Health, Labour and Welfare
in Japan.
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Possible Involvement of CD81 in Acrosome
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ABSTRACT  Tetraspanin CD81 & closely
homologous in amine acid seguence with CDY. £DS
is well known to be involved in sperm-egg fusion, and
CD81 has also been reported lo be imvolved in
membrane fusion events. However, the function of
£D81 a3 well as that of DB n membrane fusion
remains unclear. Here, we report that disruption of the
mouse CDB1 gene led to 2 reduction in the fecundity of
fernale mice, and CO81 .-/ eges had impaired ability
1o fuse with sperm. Furthermore, we demonstrated
that when CD8 1~/ eggs were incubated with sperm,
same of the sperm that penetrated into the perivitelline
space of CO81—/— eggs had not yet undergone
the acrosome reaction, indicating that the impaired
fusibility of CD81—/— eggs may be in part caused by
failure of the acrosome reaction of sperm. in addition,
we showed that CD8! was highly expressed in
granufosa cells, somatic cells that surround oocytes.
Dur observations suggest that there is an interaction
between sperm and CDBI on somatic cells surround-
ing eges before the direct inferaction of sperm and
eggs. Dur resulls may provide new clues for clarifying
the celhdar mechanism of the acrosome reaction,
which is required for sperm-egg fusion. Mol Reprod
D ey, & 2007 Wiie)‘*'i_iss 110N

Key Words: CUD9; acrosome reaction; ferfilization;
mice; zona peliucida

INTRODUCTION

Fertilization is accomplished by the direct interaction
of gperm and eggs, a process mediated primarily by
predicted, but yet unidentificd gamete membrane
proteins, In fertilization, the acrosome reaction is a
change in sperm that is required for penetration inte
the zona pellucida, the sgg coat, and facilitates the
subsequent fusion with the egg plesma membrane
{Moreno and Alvarado, 2006). Zona pellucids protein 3
{ZP3}, one of the compenents forming the meshwork of
the zona pellueida, has been considered to be the prime

© 2007 WILEY-LISS, INC.

physiological inducer of the acrosome reaction in sperm,
slthough the frequency of acrosome resction is low after
incubation with recombinant ZP3 (Beehe ef al., 1992).
Thix discrepaney suggests that, besides ZP3, ynknown
myjor factor{s} might be responsible for the acrosome
reaction. To date, despite the importance of the
acrosome reaction in fertilization, the wnderlying
cellular mechanisms that regulate the acrosome reac-
tion remain unclear.

Two tetraspaning, (D9 and CD81, are known to be
impertant in the membrane fusion events in various
biological systems. In virus-host cell fusion, human
{181 has been identified as a co-receptor for hepatitis
Cvirus (Higginbottom et al., 2000; Cormier et al,, 20047,
Both CD9 and D81 have heen implicated in myoblast
fusion {Pachibana and Hemler, 1999; Schwander
ot al., 2003 and monocyte/macrophage fusion in mice
{Takedr et al., 2008} Recent studiss wusing gene-
targeting techniques demonsirated that female mice
carrving a deletion of the CDB gene produce eggs that
mature normally but are defective in sperm—egg fusion
(Kaji et al., 2000; Le Naour ef al, 2000; Miyado =t sl,,
2000; Tekahashi et al, 2001). CDSI has also been
reported to be expressed on the plasma membrans of
unfertilized mouse eggs (Takahashi et al, 20011
Purthermore, CD81-/— mice have been reported to
havedefects in reproduction after several generations of
backerossing {Deng et al., 2000).
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Becently, Rubinstein et al. (20086) provided more
detailed data showing that eggs of CDR1-/~ mice are
wnable to be fertilized with sperm, although the degree
of the defect appeared not 1o be gevere compared with
that of CD8—/— eggs. Moreover, injection of CD9—/—
eggs with mouse CD81 mRMNA revealed that mouss
D81 was only moderately effective at reversing
the infertility of CDY-/ eggs (Kaji et al, 2002}, These
findings taken together indicate that CD81 and CD9
each have different roles in fertilization.

Here we studied the rele of CDSI in fertilization hy
in vitro fertilization (IVF) and immunchistochemical
analysis, and propose »n possible role of CD81 in the
acrpsome reaction in sperm.

MATERIALS AND METHODS
Animals

CDB1-/ mice (Mivazaki et al.,, 1997} were kindly
provided by Dr. Miyazaki and were backerossed fo
C57BL/6 mice, Genotyping was carried oul uwing
polymerase chain reaclion ag previously described
(Miyazaki et al., 1997 To visualize acrosome-intact
sperm, BEGFP-tranagenie mice expressing EGFP in the
acrosomes were generated by pronuclear injection of
constructs carrying the EGFP genedriven by the mouse
acrosin promoter {MNekanishi b al, 1999 and the
DsRed?2 gene tagged with a mitochondrial transport
signal and driven by the CAG prometer into fertilized
eggsof BDF1 mice (unpublished information). After the
sperm were acrosome-reacted, BGFP was lost from the
sperm heads and DsRBed remained in the mitochondria
of the mid-piece region. All animal procedyres were
performed according to protocols approved by the
National Center for Child Health and Development
and usecommittees,

Egg Colloction

Female mice{aged 8~15weeks) wereinjected with5U
of hCG (Gonatropin; Aska Pharmaceutical Co., Ltd,
Tokyo, Japan) 48 hr after administration of 5 U of PMSG
{Serotropin; Aske Pharmaceutical Co., Lid), Ovulated
eggs were eollected from the oviductal ampulla 13.5-15
hr after hCGingection, and placed in 100l dropsof TYH
medim equilibrated with 5% €O, in air at 37°C.
Cumulus cells were removed with 300 I1/m! of hyalur-
onidase (H-3508, Bigma-Aldrich, Migssouri, M{)), and
eggs were incubated with a defined number of sperm.

Sperm Preparation and In Vitro Fertilization

Sperm were collected by sgueezing twe cauda epidi-
dymides of & to 10aweek-old BEC3¥1 or transgenic
male mice in a well containing 100-id of TYH medium,
Bperm were inoubated at 37°C in 5% COq for 80 min
hefore heing mixed with eggs derived from wild-type or
CDB1~/— female mice. The final concentration of sperm
added toanegg-containing drop was 1.5 « 10%sperm/ml,
To examine the rate of fertilization, we counted the
number of eggs ab the two-cell stage 24 hr after
incubation with the spsrm, For counting the number of

fused sperm, the zona peliucida was removed from the
eggs by a brief incubation in acid Tyrode solution,
and sperm were incubated with eggs preloaded with
4, 6-diamidino-Z-phenylindsle {DAPI) for counting the
marmber of sperm fused with eggs (Yamagata ef al,
2602). For counting the number of acrosome-intact
sperm, BGFP-expressing sperm were incubated with
zona-intact CO81-4/4 or CD81 -/ eggs. The eggs were
all subjected to confocal microscopic analysis for the
presence of sperm exhibiting red and green flusrescence
or red fhorescence alone within the perivitelline space
4 hr after incubsation.

Imoyanostaining
For immunostaining of cryostat sectiony, ovariesfrom
8- to 1-week-old wild-type U5 7BL/B females were fixed
in 2% paraformaldshyde in PBS (-} for 2 days at 4°C,

than 2 days at 4°C, embedded in Tissue-Tek OCT
compound {Sakura PFinetek Co., Tokyve, Japan), and
finglly frozen hefore serial cryostat sectioning (8 ym
in thickness). Slides were fixed in an acefone and
incubated with anti-CD81 antibody (Eat-l) diluted
1:360in PBS (-} containing 0.1% bovine serum albumin
(BSA}, BSAPBBE (-}, or anli-ZP3 antihndy diluted 1,300
in BEA/PBS (-}, overnight at 4°C, After waghing thres
times with BSAPBS (-}, the samples were incubated
with Alexa B4B-conjugated goat anti-hamster IgG
(A-21131, Invitrogen, CUslifornia, €AY or Alexa 488-
ronjugated goat anti-rat I1gG (A-11008, Invitrogen) for
2 hr af room temperature. After extensive washing, the
slides were inspected for fluorescence using LM 510
META confocal microscope.

Immunoblotiing

Bamples containing equal amounts of eggs were
dissolved in nonreducing sample buffer and subjected
to 12% SDE-PAGE according to procedures described
previously (Miyade et al., 2000). After electrophoresis,
the gels were transferred to PVD¥ membranes for
immuncblot analysis, The blots were blocked in 1%
nonfat dry milk, and were probed with the primary
antibodies, anti-mouse CDB1 antibody (Eat-1, BD
Biosciences, California, CA) or anti-mouse UD9 antdi-
body (KMOCS8, BD Bioscisnces). After washing in TBS-
Tween buffer, the membranes were incubated with
HRP-labeled secondary antibodies; gont anti-rat anti-
body or goat anti-hamster antibedy. The expression
level of immunoreacted products was determined by
freatment of the blots with an ECL or ECL Plus
Detection Kit (GE Healtheare Bie-8Bcience Co., New
Jersey, UK) and exposure o Xaay film st room
temperature,

Statistical Analvsis

Data from different groups were tested by thet-test for
the significance of the difference between the means of
two independent samples using the computer spftware
KaleidaGraph {version 3,6, Synergy Boftware, Ine,
Penngylvania, PA),
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RESULTS

Female Fertility Impaired by (D81 Deficiency

Pigure 1A depicts the average litter size in matings of
three genotypes of females, wild<type, CD81+/— and
CD81—/— mice, with CDB81+/~ males over a period of
6 months, Although these femasles displayed normal
mating behavior with the males (data not shown), the
average litter size of CD81-/- females was markedly
reduced relative to those of CDB14+/— and wild-type
mice {on average, 1.3%25 vs. 11,3+1.3 and 110
0.8y (Fig. 14A). To examine the oocyte maturation and
ovalation, we alse colleeted the epgs from mice super-
ovulated by stimulation with exogenous gonadotropin.
The eggs collected from CD81-/~ mice were indistin-
guishable with regard to morphology and number {on
average, 18,0 £ 2.8} from those wild-type and CD814+/—
miice {on average, 199 £1.7 and 21.7 428} (Fig. 1B
Therefore, the reduction in fertility of CDR1 /- females
did not seem to be due to defects of pvulation or cocyte
maturation.

Invelvement of CD81 in Fertilization

To clarify the cause of the reduced fertility of
D81/ females, the function of CD81 -/ eggs was
further examined by IVF. When cumulus ooeyvte com-
plexes {COCs) collected from CDBI-/— or wild-type
control mice were incubated with the wild-type sperm,
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the sperm could disperse cumulus cells, somatic cells
surrounding eggs, and reach and spparently penetrate
the zona pellucide of CD81—/— and wild-lype eggs.
However, the average rate of eggs developing to the two-
cell stage was substantially decreased for CD81—/—eggs
{on average, 15.0 1 2.5%) compared with that for wild-
type eggs ion average, 65.0 % 10.8%) 24 hr after incuba-
tion with the sperm (Fig. 1D}, Furthermore, in CD81 -/
eggs, several sperm were observed in the perivitelline
space (Fig. 101 The delayed formation of two-cell
embryos and the accumulation of more than one sperm
within the perivitelline space in CD81 /- eggs demon-
strate that CD81-/- eggs have impaired ability of
fertilization, Subsequently, to examine the cause of the
impaired fertilization, we performed IVF for CD81-/—
sggs and wild-type eggs after the zona pellucida was
removed using acid Tyrode solution (Fig. 24,B). To
measure the number of sperm fused with eggs, both
types of eggs were preloaded with DAPI before incuba-
tion with wild-type sperm (Yamagata et al,, 2002}, One
hour afier insemination, estimation of the average
number of sperm fused with one egg by measurement
of DAPI fluorescence revealed that CDB1-/- eggs
showed adecreased number of fused sperm (on average,
1,21+ 0.23} in comparison with the wild-type eggs lon
average, 1,95 = 0.27). Those results suggest that CD81
is involved in sperm-egg fusion, either directly or
indirectly.

Fig. 1. Female inferfility caused by UD81 deficiency. Ar Average
litter sizes of crosses hetween (D81+/- males and thres types of
fersales, wild-dype, {81y~ and CD81—/- mive, Bach of the msting
psirs was kept in g separate vage, and births over a 8-manth peried
wersmwmibored. Data of births during suacessive Zmonth periods v
grouped togethee, and theaverage Btier sorol wilddype, CDB1+/- and
DAL -7 fomales was caleaiated from data recorded for fve mating
pairs 815 weeks of age at the start of the experiment. B: Average
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number of wvulated egps from wild-type, D814/ and UD8I-/-
fevnale mice. The epes were cotlected 13,516 hr after GG treatment,
and sounted. C: Representsfive migrographs of D814+ and
CDB1—/— egps. The eggs were obiained 24 hr afier incubation with
the wiki-type sperm. D Aversge number of eggs that devednped to the
two-crdl stage 24 T after ncubafion with the wildtype speron. The
Hack bars show the results for CDRI-/- eggs (AB,DI. Emor bars
repregent SEM (4,B,D1. Scale bar, 20 pm €L
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Fig, 2. In vitro sperm—egg fusion, Average mumber of sperm fused
with wild-dype pr OD81 - uggs afer 3 br of inenbation, Frror bars
represent BEM. Data from different groups were tedted by the f-test for
the significance ofthedifference between the means oftwo independent
samples (P == 0.08%

Expression of CD9in CD81—/— Eggs

The mechanizrus by which CD81 acts are still unclear.
However, CD81 tends to form multimolecular complexes
in which tetraspanins asssoviate with specific proteins
depending on the type of cell. In B rells, CD81 directly
associates with (D19, taking part in the CD18-CD21.
(D81 signaling complex (Pileri et al, 1998}, which
accords with the evidence that the expression of CD1%in
hone marrow, spleen, and peripheral B cells is reduced
in CD81—/— mice (Mivazaki ot al., 1997). As previously
mentioned, CDY on the egp plasma membrane is
required for fusion with sperm, and the impaired
fusibility of CDBE~/~ eggs with sperm may likely be
dependent on the expression of CD9, To investigale
whether (D81 deficiency may cause downregulation of
CD% expression, the expression level of CD9 was
examined (Fig. 35, We collected three types of eggs,

Ani-CDB1
He @/

Fig. 8. Theexpression of D3 in wild-type, UDB1+/ - and CD&L—/—
egs. Proteins were isolated from the iypes of egge indiesied and
resoived by sodiwn dodecyl sulfate polvacryvlamide gel electropharesis
under nomredicing conditious, The proteing were slectrophoretically
transferrad t 2 membrang, wheee they were probed with axtibediss o
OD51 (punel A and CDE (panel Bl The proteins comesponding io
each 118 egy {panel Aland 10 eggs (panel Bl were analyzed.

wild-type, (D814 and CDR1-/- eggs, 13.5-15 hr
after hC(G injection intp mice, and examined the
expression level of CDY in comparizon with that of
CD81 by SDS-PAGE. The amounts of CD81 were
invariable in wild-type and CDBI+/— eggs, but TD81
was lost in CDRI—/— egps. By contrast, there were no
significant differences in the expression of CD9 among
these eggs. Therefore, the impairment of fertilization
eaused by CD81 deficiency cannot be aliributed to
decreased expression of CDY in sgps.

Expression of CD81 During Folliculogenesis

The expression and localization of CD81 in ovarian
tissues were immunchistochemically assessed using
cryostat sections of adult wild-type ovaries, The follicles
comaist of immature eggs and granvlosa cells that
surround the egg a single follicle vsually grows to
the preovulatory stage and releases the egg for potential
fertiization (Buccione et al, 1990). Immunchisto-
chemical staining with anti-CD81 mAb demonstrated
that CD81 was continuously expressed in the egg and
surrounding follicles (Fig. 4), and in cumulus cells
surrounding ovulated eggs {data not shown). These
dataindicate that the sperm may encounter CD81 enthe
gomatic cells surrounding egys before divect interaction
of sperm and eggs.

Possible Involvement of CD81 in
Arrogsome Reaction

Based on the loealization of CD81 and the impaired
fertiiwation of CD81I-/— eggs, we speculated that the
inability of wild-type spermto fuse CD81 —/— eggs might
be due to impairment of prefusional steges, including
the acrosome reaction. To examine the involvement of
CD81 in the acrosome reaction of the sperm, CD81-/-
agos or wild-type eggs were incubated with the sperm
collected from transgenic mice specifically expressing
enhanced green Tuorescent protein (EGFP) in the
acrosomes (Fig. 5). The scrosome corresponds funetion-
ally to 5 lvsosome and thus contains lysosomal enzymes
{Moreno and Alvarade, 2008), and acrosin is 8 sperm
acrosomal serine proteinase that is lost from the sperm
head afier the acrosome reaction is completed {Baba
et al., 1994}, Therefore, sperm expressing EGFP at the
acrosomes in the heads are useful for the detection of
acrospme-intact sperm. After 3 hr of incubation, we
counted the number of acrosome-intact sperm within
the perivitelline spaces. To count the sperm that had
penetrated into the zona pellycida, the eggs were
incuhated with 3.0 x 10° spernmy/ml. When the number
of spermn within the perivitelline space were counted 3 hr
after incubation with the eggs, we cbserved that an
inereased percentage (8.5 4+ 2.3%) of the spermthathad
penstrated into the perivitelline space of CD81-/— eggs
exhibited EGFP Auorescenece in their head portion. In
contrast, very few sperm that had penetrated into the
perivitelline space of wild-type eggs exhibited green
fluorescence (1.4 + 1.0%), These results suggestthat the
sperm that penetrated into the zona pellucida of the
CD81—/— eggs were impaired in the acrosome reaction,
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Fig. 4. DAY is expressad at high levels in granvlosa cells during cogenesis. Frozen sections of ovaries
from wild-fype mice were stained with antimousy CD81 mab snd with anti-ZP8 maAb, DIC represents a
photograph taken by differential interference contrast, Seale bar, 20 g [See eolor version soline ab

www. intarspienor wiley.com]

DISCUSSION

D81 hasbeen suggested 1o be a protein playing a role
in membrane fusion events, hut the function of CD81 in
sperm-egg Busion remains unknown. As suggested by
Rubinstein et al. {2006}, CD9 and CD81 may have
different roles in sperm-egg fusion. This notion is
supported by the following facts: (1) deletion of a single
gene, CD% or CDBI1, causes impaired fertilization, and
the expression of D% on eggs is not perburbed by CD81
deficiency, and {2) CD8-/- eggs injerted with mRMNA
enceding CD81 cannot be fully rescued to the same
degree as those injected with CD9 mBNA (Kaji of al,,
2002},

A

e

¥ig. 8. In wvibro fertiizetion sssay for sorosome reschion. A
Representative photographs, UD81-/— eggs were incubated with
transgenic sperm expressing EGFP al acrosomes in the sperm heads,
Fres from wild-type fanales ware also subjected to fortilizating nsing
the AR-GFP transgraic sperm as eontrols. Four hours after tnsensina-
Hon, the eggs were inspeced for Buomsomnee vsing o confopal
micraseape. As shown in the upper pansl, some UD8I—/— eggs bad
sperm with green fluorescence {indicated by arrowheads) in their head
region in the perivitelline space, while simost no wild-iype eggs had
wuch types of sperm (lower panell, Fholomicrogrsphs taken under
Bght (DIC); photomicrographs taken fordeteciing DsRed 2 transivested
s miteehondria by the ndention gigoal IMEDsRed?) and speeifically
expressed In the mid-plore of speron dindicated by arrows); phudomions-
graphs taken for detedting BGFP-derived green fuprescence specifi-

iy expressed in the head region of sperm (indieated by arrowhends);

Generally, the acrosome reaction is a change in the
membrane of sperm that are activated for penetration
into zona pellucida and factlitates the subsequent fusion
with the egg membrane (Baba et al,, 1994), During the
acrosome reaction, the disruption of the acrogome
covering the sperm head causes the release of acrosin
and other proteolytic substances. As previously reported
{Moreno and Alvarade, 2006}, these materials included
in the acrosome are important for the penetration of
sperm into the zonapellucida and for sperm—egg fusion,

but the molecwlar mechanism vnderlying the acrosome

resction is largely unknown. When wild-type eggs
were incubated with sperm expressing EGFP in the
ncrpsomes, we found the presence of acrosome-intact

B

10

Ratio od sirostme- intact spema {3

%
merged images. Scule bar, 20 ym, B: Examinativn of serosome reaction
using BGFP-expressing spermy. {D81-/- or wildiype eggs ware
feriilized in viirs with epididymsd sperm expressing BEGFP in the
acresomes. Four hours after insessination, the sperm snteringinto the
pravitelline space wrere inpected for Soarscence using a confocal
mitrescope. Note that the number of sperm carrying ntact acrosomes
tewhihiting green Ruorescence inthesperm head region, a5 shown in A
and entering into the perivitelline space of UDBI-/— epgpe was
significsodly higher than thal of serosome-intset sperm entering ints
the perivitelline space of wild4iype epgs. Arrosome~iniact spersy can
eusily be detected sinee they exhibit bright green Hluorescence in their
hrad megon. The total vumber of sprrm sutersd info perivitediine space
van be ounded by inspection for red fluemsonuce Inthe mid-plessof the
sprerm. ESen color version online at www.interscience wiley com.]
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sperm in the puter layer of the zona pellucida (data not
shown), but almest all speri that penetrated into the
perivitelline space had logt the acrosome caps (Fig. 5.
These findings suggest that the ascrogome reaction may
oceur in the perivitelline space and/or inner layer of the
zona pellucida.

Another possible reason for the failure of the acrosome
reaction of EGFP-expressing sperm in D81/ eggs is
that “zona hardening” in CDBI-/— eggs may not be
sufficient compared to that in wild-type eggs. The
weakened zona hardening might permit the peneiration
of some acrosome-intact sperm into CDB1-/- eggs.
However, since proteins other than components forming
the zona pellucida may be triggers for preventing
polyspermy and zona hardening (Sun, 20033, it would
be of interest to test whether D81 and ZP3 interact
with ench other,

In conclusion, the results of cur IVF experiments
suggest the possible involvement of CUDB1 in the
acrosome reaction of zona pellucida-penetrated sperm
prior to the fusion of sperm with epgs. Extensive
attemipts to elucidate the role of CD81 in the acrosoms
reaction are now underway.
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