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82 DERIVATION AND MAINTENANUE OF EMBRYDNIC STEM CELLS 5]

FPreparation of Mouse Embryo Fibroblusis (MEFs}

We use primary MEF cells, which have been mitotically inactivated by
~-irradiation, for derivation and propagation of hES cells, MEFs are har-
vested from 12.5-day posteoitum {dpe) fetuses of ICR mice (Cowan ef af..
2004). The following reagents are required to follow our protocol for
preparing MEFs,

Sterile phosphate-buffered saline (PBS), pH 7.2

MEF medium (90% Dulbecco’s modified Eagle's medium [DMEM],
10% fetal bovine serum [FBS], 50 units/ml penicillin, and 50 pgiml
streptomycing

025% trypsin

0.1% gelatin {made by dissolving 1 g of gelatin in 1000 mi of Milli-Q
quality water, followed by sterile filtering)

Freezing medinm (90% FRBS, 10% dimethyt sulfoxide [DMSO]D

18- and 15-cm tissue culture dishes

Sterile single-edged razor blade

Dissection and Primary Culture of MEFs

Privw to dissecting the mouse embryos, several 15-cm tissue culture
plates (seven 1o eight plates per pregnant ICR female) should be coated
with 0.1% gelatin. We typically cover the plates with a minimal amount of
the gelatin solution {5 to 7 wl} and incubate them for 20 min at 37° with 5%
CO,. Using a microscope placed in a laminar flow hood. 12.5-dpe embryos
are dissected into a 10-cm Petri dish containing sterile PBS solution. The
embryos are then stripped of any maternal or extracmbryonic tissues and
eviscerated. Eviscerated embryos are transferved to a 15-cm dish and, using
a sterile blade, minced. Ten milliliters of warm 0.25% trypsin iz added per
10 1o 14 minced embryos and collected in a 50-ml conical tube. The
embryos are homogenized further by trituration {pipetting up and down)
until o large pleces remain, This partially dissociated mixture is then
incubated at 37° for 1 min followed by further trituration (piperting 5 to
10 more times}. Forty milliliters of prewarmed MEF medium is added
to the dissociwted embryos and the mixture is centrifuged for 30 min at
500 1o 600g at room femperature. Aspirate media and then resuspend the
pelleted cells with 30 ml prewarmed MEF medium. Plating density is L5 to
2 embryos per 15-cm gelatin-coated plate. The final volame of medinm on
each plate should be 20 ml. The primary MEFs are tncubated at 37° with
5% COz until conflucnt {typically 5 to 6 days). MEFs arc expanded once
aiter the initial plating (1:3 to 15 split) and then frozen {passage 1), Freeze
MEFs in freezing medium (90% FBS and 10% DMSO) ata rate of —1%/min
and store at —80° or in liquid nitrogen,
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y-Irradiation and Pliting

Thawed MEFs are only passaged once {passage 2) for expansion pur-
poses prior to ~irradiation, MEFs are trypsinized and resuspended in a
vilme of MEF medium that will be sceommuodated by the y-rradiator.
[rradiate the MEFs for 25 min at 247.3 rad/min for a total exposure of 61525
rad, After irradiation, spin cells in MEF medium for 5 min at 300 to 600g. To
ensure a confluent monolaver, plate MEFs at a concentration of approxi-
mately 50000 cellsfom?®, 1f there is no immediate need for mitotically inacti-
vated MEFs, they can be frozen at a concentration of 4 x 10 to 1.2 « Y
cellsfvial, MEFs feeder layers should be prepared and used within 3 days.

Preparing hES Derivation Medium

Pruring the isolation and early stages of ES cell cultivation. hES derivation
mediom is used, which consists of 75% knockow DMEM {Invitrogen GiB-
COY, 1% KO-Serom Replacement (Invitrogen GIBCO), 10% plasmanate
{Bayer}, 5% fetnl bovine serum (Hydone), 2 mM Glotamax-T {nvitrogen
GIBCO), 1% nonessential amino acids (Invitrogen GIBCO). 30 units/ml
penicillin, and 50 pe/ml streptomyein (Invitrogen GIBCO), 0055 mM
A-mercaptoethanol {Invitrogen GIBCO), 12 ng/ml recombinant hiIF {Che-
micen Interpational), and 5 ng/ml BFGF {Invitrogen GIBCO ). The medivm is
sterilized by 0.22-um filtration. Screening of FBS, plasmanate, and Serum
Replacement should be done and is described elsewhere {Klimanskaya and
MoeMuhon, 2004).

Isolation of Inner Cell Mass

Fresh or frozen-thawed human embryos are cultured to the blastocyst
stage in sequential media, G12 and G2.2 (Gardner ¢f of, 1998), We have
derived several new human ES cell lines at relatively higher efficiency from
blastocysts caltored in modified KSOM media. Blastocysts are treated with
acid tyrodes {Bpecialty Media) for 30 to Y0 s to dissolve the zona pellucida.
When the zona pellucida starts to dissolve, remove the embryo and wash it
three times in fresh BES dedvation medinm. The zona-stripped embryos are
then cultured in WES derivation medium at 37° with 3% €Oy unitd immuno-
surgical isolation of the FOM. The process of immunosurgery includes sever-
al stages and is performed essentially as described by Solter and Koowles
{1975). Initially, the embryo is incubated for approximately 30 min i rabbit
antilivrran RBC antibodics (resusponded as per manuvfacturer's instructions,
aliquoted, and stored at ~80°, freshly diluted 1:10 in derivation mediom,
Inter Cell Technologies). Penetration of the antibodies into the blastocyst is'
prevemed because of cell-cell connections within the outer layer of the
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A, 1. *Bubbling” of grophoblast cells, Blastocyst affer exposure to guines pig sera
complement is Iysed and stop the incubation followed by removing the lyses trophoblast cells.

trophoblasts, leaving the T0M intact. After rinsing off any antibody residue
{af least three washes with hES derivation medin), the blastoryst s trans-
ferred into a guinea pig sera complement {resuspended as per manufac-
turer’s instructions, aliquoted, and stored at —-80°, freshly diluted L4 in
dervation medium, Sigma), diluted in bES derivation medim, and incu-
bated unfil cell lysis is norable, indicated by an apparvent “bubbling”” of the
trophoblast cells (Fig. 13, Following sclective removal of the trophectoderm
cells by geatle mouth pipetting of the cmbryo in and out of a glasy capillary,
the intact {CM s cultured on MEF feeders plated on gelatin {Sigma)-coated
tissue culture plates at a density of approximately 50,000 cellsfem’. After
2 days add a few fresh drops of BES dedvation medivm and then every other
day change one-half the total medinm (e, for 500 pltotal medium and then
remove 230 pl of medium and add 230 4 of fresh medium to a final volume
of 5683 pd).

Dispersion of funer Cell Mass

Six to 10 days after the initial plating, ICM outgrowths require mechan-
ical dissocistion. Two tir three pieces are cut froom the initial outgrowth
using a narrow glass capillary and are lefl i the same well or moved to a
new well (Fig 2). When doing the initial dispersion, a part of the original
colony should be left untoached as 3 backuy, especially if the picked pieces
are transterred into 3 new well. At this stage, it is betfer to concentrate on
expanding the number of hES cell colonies versus freezing or proceeding to
any downstream experiments. When the colonies are growing steadily, FBS
is omitted from the culture media, Usually, mechanical passaging needs to
be done every 5 to 6 days, but several larger colonies may need to be
dispersed daily,
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Frs. 2. Blastooyst and ICM ouwtgrowth. (A} Culiured blastocyst is grade 44A. Amow
indicates M. (B) Isolated FOM from the blastocyst (A} is just grown JOM at day 4 after
plating on mitotically inactivated MEFs. Black bar: 50 um.

Mainienance of hES Cells

Variability among human ES cell lines has been reported by several
groups, ncluding differences in growth characteristics, differentiation poten-
tial, karyotype, and gene expression pattern. 1n part, these differences might
reflect the genetic heterogeneity of hES cell lines derived, as they are from a
genetically diverse. outhred population {Abeyta et ol 2004: Bhattacharya
ef al., 2004). Further confounding researchers ix the fact that human ES cell
cultures are often heterogeneous because they contain both undifferentiated
stem cells and spontancously arising differentiated derivatives. While no
single uniform protocol exists for the maintenance of hES cells in cultare that
adequately addresses all researchers’ concerns, we will attempt to present an
overview of the techniques currently used by a number of laboratories around
thee world. Again, we deseribe in detail our method for maintaining undiffer-
entiated hES cell growth in culture and briefly review several alternative
protocols.

Enzymatic Dissociation with Trypsin

Human ES cell colonies are passaged by mechanical dissociation until
there are sufficient colentes (30 to 100 average-sized colonies) orcells {usyally
1% 1P cellsy to passage enzymatically. Thereafter, hES cells are propagated
by enzymatic dissociation with (.05% trypsin/EDTA {Invivogen GIBCO).
During the first three passages with trypsin, it is a good idea to keep a backup
well of mechanically passaged cells. A mechanical backup should always be
maintained uniil the cells are frozen. Subconfluent cultures are generally split
at a 1:3 ratio {(i.e., one culture well s split into three new culture wells), 1t is
important to split colonies prior to excessive differentiation.
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Muaterialy

For the routine culture of hES cell by enzvimafic dissociation with
trypsin we recommend the following media and reagents,
hESmedinm {80% knockoot DMEM, 10% KO-Serum Replacement, 10%
plasmanate, 2 mM Glutamax-i, 1% nonessential amino acikds, 50
units/ml penicillin, 50 pg/ml streptomyein, 1055 mAM S-mercaptoethanol,
and 5 ng/ml bFGF
Trypsin 0405%
Sterile PBS. pH 72.

Trypsinization

1. Warm hES medium and trypsin in a 37° water bath and keep them
warm until ready for use.

2, Place MEF plate from incubator in the hood and aspirate off the
medinm from the well followed by 1 ml prewarmed hES medium. Set the
plate aside in the hood.

3. Carefully aspirate the hES medium from the culture 1o be split.
Gently vinse the cells with a sufficient volume of PBS to completely cover
the bottom of the calture dish {e.g.. 5 ml for a 10-cn dish).

4, Aspirate the PBS and add asmall volume of trypsin (usually 0.3 ml fora
35 mmwell or 2 mil for a 16-cm dish) to the cells, Incubate in the hood atroom
surrounding thecolonies should begin to retract (Fe, 3). When the MEFs are
sufficiently shrunk and the borders of the colonies are roughly rouaded up, add
1y volumes of prewarmed hES medium to the trypsinized colonies. Gently
pipette up and down five to seven times wntil the MEF monolayer has
completely detached. Extensive pipetting should be avoided.

drops evenly shout the well. Withoot shaking the plate. cargfully retorn 1o
the cells to a 37° incubator overnight to let the colonies seed.

The time in trypsin required for the cells to detach varies depending on
the hES cell density, age of MEF monolayer, ste. We recommend checking
the appearance of the hES culture under a stereomicroscope and deter-
mining the best incubation time for cach well empirically,

Freezing hES Cells

1. Trypsinize the cells; see trypsinization section. Centrifuge the cells at
B00g i 10 vodumes of BES culture media.

2. Resuspend the pellet in cold freezing medimn, which consists of
9% FBS and 10% DMSO.
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Fuz, 3. Time-lapse series of pholographs showing dissodation of hES cells and MEF
feeder Iaver with trypsin. {(A) Pror o addition of trypsin. {8} Approxioately 3 s after
addition of trypsin, {C) Approximately 60 = afler addition of trypsin. Trypsinization should be
stopped when cells appear as in C.

3. Aliguot the cell suspension into prechilled freezing visls and
sandwich the vials between two Styrofoam racks, taping to prevent them
from separating. Transfer to a ~80° freezer overnight. Cryovials should be
placed in liguid aitrogen fir long-term storage.

Thawing WES Cells

Ensure that the MEYF plate prepared is confluent and in good condition
hefore thawing hES cells. Prewarm hES medium to 37, Aliquot 10 ml hES
medinm into a sterile and labeled 15-ml conical tube for each cell ing.

All procedures should be done quickly.

L. Thaw the vial in a 37" water bath, (Do not overthaw; the vial should
be removed from the water bath with a small lee crystal still remaining. )
It should take about 45 to 80 s before the cells are 8% thawed,

2. Bring the tube to a laminar fHow hood; spray down with Hi%
sopropanol. Gently teansfer cells 1o the 10 mil of prewanned medium,

3. Centrifupe the 15-ml conical tube xt 3X) to 600g for 5 min,

4. Remove preplated MEFs from incubator to the hood. Aspirate off
the MEF medivm and aliquot prewarmed hES medium into cach well of
the plate, being carsful not ti disturb the atiached MEFs.

5. After the spin is complete, carefully remove the medium without
disturbing the peliet.
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6. Gently resuspend the pellet in a small volume of prewarmed hES
medium,

7. Transfer the hES cell solution, in a dropwise manner, {0 a prepared
MEF plate well that already contains hES medium. Carefully return the
plate to avoid switling to a 377 incubator overnight 1o allow the hES cells
to seed the MEFs.

8. The colonies usually begin to appear in 3 10 4 days and can be ready
for splitting in § to 16 days.

Alternaitve Methods

Several alternative methods exist for the cultore of hES cells, but few
have been examined rigorously aver a long period of time. We will attempt
1o summarize some of the more common alternative methods for main-
taining hES cells in culture. For detatled protocols, we advise referring to
the primary literature. In addition, several alternatives, such as feeder and
sertm-fres culturing of hES eells. are described elsewhere in this volume,

Dissociation with Collagenase or Dispaxe

Quite possibly the most widespread swethed for maintaining hES cells
in culture depends on their dissociation with either collagenase or dispase.
For a detailed protocol, please see hitp/www geroncomdPDFiseprotocols,
pidf. The reported advantages of cullure with these enzymes are reduced
cell death and perhaps greater karyotypic stability. The disadvantages of
enzymatic dissociation with collagenase or dispase ticlude the inability to
accurately assess cell number and the failure to gencerate definitive single
celdl clones.

Cultyre with Human Feeder Cells

Mouse embryonic fibroblast cells have generally been used as feeder
layers 1o support the unlimited growth of hES cells, but the use of animal
feeder cells is associated with risks such as pathogen transmission and viral
infection {Armit et of., 2003, 2004; Richards of ol., 2002; Rosler ef af., 2004).
Martin ef of {2005) reported that hES cells could incorporate forzign sugars
into the glycoproteins on the cell surface. They also showed that an inunune
reaction could oveur following exposure of the cells 1o serum from adults
with high level of the antibody. These reports and other concerns bave
prompted many rescarchers to seck alternatives to wouse feeder layers,

Several groups have reported that feeder layers composed of cells
originating from human fetal and aduelt tssues support unlimited prolifera-
tion of hES cells without differentiation. The cell types used include human
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fetal skin tibroblasts, human muscle cells, adult fallopian tubal gpithelial
cells {Richards ¢t &, 2002), adult marrow cells (Cheng et ad., 2003}, foreskin
fibroblasts {Aumit er wfl.. 2003; Hovatia ¢t ¢f., 2003}, human uterine endo-
mutrivm cells, and breast parenchyma cell abortus fetns fibroblasts {Lee
et al.. 2004}, Inperhaps the most comprehensive study, Richards e of. (2003)
reported on the evaluation of varivus human adult, fetal, and neonatal
tissues ay feeder cells for supporting the growth of hES cells. In addition,
feader cells dedived from hES wells can be uvsed as an autogenic feeder
system that efficiently supports the growth and maintenance of pluripotency
of hES cells { Stajkovic of af.. 2003; Yoo ¢ al., 2005},

Conclusion

Human ES cells are viewed by many ax # novel and unlimited source of
cells and tissues for transplantation for the treatment of a broad spectrum of
diseascs {reviewed by Keller, 20053, Moreover, human ES cells represent an
unprecedented system suitable for the identification of new molecolar tar-
gets and the development of novel drugs, which can be tested in vitro or used
to predict or anticipate potential roxicity in humans, Fiually, human ES cells
can yiclkd insight into the developmental events that occur during human
embryogenesis, which are, for ethical reasons, nearly mpossible to study in
the intact embryo {reviewed by Dvash and Benvenisty, 2004).
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ABSTRACT  Tetraspanin CD81 s closely
homatogous v amino acid sequence with CDY. CBY
is well known to be involved in sperm-—-egg fusion, and
COBY has also been reporied i be involved in
membrane fusion events. However, the function of
CDB1 as well as that of CD9 in membrane fusion
remains unclear. Here, we report that disruption of the
mouse CD81 gene led to a reduction in the fecundity of
fornale mice, and CDB1 -/ eggs had impaired ability
1o fuse with sperm. Furthermore, we demonsirated
that when CDB1—/—- eggs were incubated with sperm,
some of the sperm that penetrated into the perivitelline
space of CD81-/- eges had not yel undergone
the acrosome reaction, indicating that the impaired
fusibility of CD81—/— eggs may be in part caused by
faiture of the acrosome reaction of sperm. [n addition,
we showed that CDBl was highly expressed in
granulosa cells, somatic cels that surround oocyles.
Our observations suggest that there is an interaction
between sperm and CD81 on somatic cells surround-
ing eggs before the direct interaction of sperm and
eggs. Qur results may provide new clues for clarifying
the eellular mechanism of the acrosome reaction,
which is required for sperm-egg fusion. Mol Reprod.
Dey, © 2007 Wiley-Liss, Inc.

Key Words: CD9; acrosome reaction; feriilization;
mice; zona pellucida

INTRODUCTION

Fertilization is accomplished by the direct interaction
of sperm and egpgs, a process medinted primarily hy
predicted, but yet unidentified gamete membrane
proteins. In feriilization, the ncrosome reaction is a
change in sperm that is required for penetration into
the zona pellucida, the egp coat, and facilitates the
subsequent fusion with the egg plasma membrane
{Moreno and Alvarado, 2006). Zena pellucids protein 3
{ZP3}, one of the components forming the meshwork of
the zona pellzeida, has heen considersd to be the prime

© 2007 WILEY-11885, INC.

physiolagical inducer of the acrosome reaction in sperm,
although the frequency ol acroseme reaction is low after
incubation with recombinant ZP3 (Beehe et al,, 1992).
This discrepancy suggests that, besides ZP3, unknown
mayjor factor(s} might be responsible for the acrosome
reaction. To date, despite the importance of the
acrosome reaction in fertilizetion, the underlying
vellular mechanigms that regulste the acrosome reac-
tion remain unclear.

Two tetraspanins, CD9 and CDBI1, are known to be
important in the membrane fusion events in various
biclegical systems. In viruos-host cell fusion, human
81 has been identified as a co-receptor for hepatitis
C virus (Higginbottom et al., 2000; Cormier et al., 2004),
Both CD9 and CD81 have been implicated in myoblast
fugion {Tachibana and Hemler, 1999; Schwander
et al., 2003} and mouocyte/macrophage fusion in mice
{Takeda et al, 2003). Recent studiss using gene-
targeting techniques demonstrated that female mice
carrying a deletion of the CDB gene produce eggs that
mature normally bui are defective in sperm-egg fugion
{Kaji et al., 2000; Le Naour ot al, 2000; Miyado et al.,
2000; Takahashi et al., 2001% CDB! has also been
reported to be expressed on the plasma membrane of
nnfertilized mouse eggs (Tokahashi et al, 2001
Purthermore, €081/ mice have been reported to
havedefects in reproduction after geveral penerations of
backerossing (Deng et al., 2000).
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Recently, Rubinstein et al. (2006} provided more
detailed data showing that eggs of C1181--/- mice are
unable {o be fertilized with sperm, although the depree
of the defect appeared not 1o be severe compared with
that of D%~/ eggs. Moreover, injeetion of CD9—/—
eggs with mouse CDEI mRNA revealed that mouse
CD81 was only moderafely effective at reversing
the infertility of CD9-/- eggs (Kaji et al., 2002}, These
findings isken together indicate that CD81 and CDS
each have different roles in fertilization.

Here we studied the role of CDA1 in fertilization by
in vitre fertilization (IVF} and immunochistochemical
analysis, and propose a possible role of CD81 in the
acrosome reaction in sperm.

MATERIALS AND METHODS
Animsls

CD81~/ mice (Mivazaki et al.,, 1967 were kindly
provided by Dr. Miyazald and were backerossed o
C57BL/6 mice. Genolyping weas carried oub using
pelymerase chain reaction as previously described
{Miyazaki et al., 1997). To visnalize acrosome-intact
sperm, BGEP-fransgenic mice expressing EGFP inthe
arreosomes were gemerated by pronuclear injection of
censiracts carrying the EGEP gene driven by the mouse
acresin promoter (Makenishi et al, 1999) and the
DsRed? gene tagged with a mitochondrial transport
signal and driven by the CAG prometer into fertilized
eggs of BOF1 mice {unpublished information). After the
sperm were acrosome-reacted, BGFP was lost from the
sperm heads and BsBed remained in the mitochondria
of the mid-plece region. All animal procedures were
performed according to protocols approved by the
National Center for Child Health and Development
and use committees,

Egg Colloction

Femalemice (aged 8~15weeks) wereinjected with5 U
of KOG (Gonatropin; Asks Pharmaceutical Co., Ttd,
Tokyo, Japan} 48 hr after administrationof5 U of PMSG
{Serotropin; Aska Pharmaceutical Co., LEd), Ovulated
eggs were collected from the oviducial ampulla 13.5-15
brafter hCGinjection, and placed in 100l drops of TYH
medium equilibrated with 5% €0, in air at 37°C.
Cumulus cells were removed with 300 IU/mi of hvalur-
onidase (H-3506, Sigma-Aldrich, Misseuri, MQ), and
egys were incubated with a defined number of sperm.

Sperm Preparvation and In Viiro Fertilization

Sperm were cellected by squeering two cauda epidi-
dymides of 8- to 10-week-old B6C3FE or fransgenic
male mics in a well containing 100-d of TYH medium,
Sperm were incubated at 37°C in 5% COq for 90 min
hefore being mixed with eggs derived from wild-type or
CDR1 /- famale mice. The finalconcentration of sperm
atdded toan egg-containing drop was 1.5 « 10°% sperm/ml.
To examine the rate of fertilization, we counted the
rumber of eggs at the two-cell slage 24 I after
incubation with the sperm, For counting the number of

fused sperm, the zona pellucida was removed from the
eggs by a brief incubation in acid Tyrode sclution,
and sperm were incubated with eggs preloaded with
4’ 6-diamidino-2-phenylindole {DAPI) for counting the
ramber of sperm fused with eggs (Yamagata et al,
2002). For counting the number of acrosome-intact
sperin, EGIFP-expressing sperm were incubated with
zona-intact CD81-4/1 or CD81 -/ eggs. The eggs were
all subjected to confocal microscopic analysis for the
presence of sperm exhibiting red and green flucrescence
ar red fluorescence alone within the perivitelline space
4 hr after incubation.

Immmmostaining

Forimmunostaining of cryostat sections, ovariesfrom
& to 10-week-old wild-type C57BL/6 females were fived
in 2% paraformaldehyde in PBS (—) for 2 days at 4°C,
and then immersed in 30% sucrose in PB8 {-) for more
than 2 days at 4°C, embedded in Tissue-Tek OCYT
compound {Sakura Finetek Co., Tokyo, Japan), and
fmally frozen bhefore serial cryostat sectioning (8 ym
in thickness). Slides were fixed in an acetone and
incubsted with anti-CD81 antibody (Eat-1) diluted
1:300in PBS{ ) containing 0.1% bovine serum albumin
{BSA}, BSAPBE (-}, or anti-ZP3 antibody diluted 1;300
in BEAPBS (), overnight at 4°C. After washing three
times with BSA/PBE (-}, the samples were incubated
with Alexa B4B-conjugated goat anti-hamster IgG
(A-21111, Invitrogen, California, CA) or Alexa 488-
ronjugated goat anti-rat IgG (A-11006, Invitrogen) for
2 hr at room temperature. Afier extensive washing, the
slides were inspected for flnorescence using LEM 510
META confocal microscope.

Immunchbiotting

Samples containing equal amounts of eggs were
dissolved in nonreducing sample buffer and subjected
to 12% SDS-PAGE according to procedures described
previously (Miyade et al., 2000). After slectrophoresis,
the gels were transferred to PVDF membranes for
immuncblot anslysiz. The blots were blocked in 1%
nonfat dry milk, and were probed with he primary
antbedies, anti-mouse CD81 antibody (Eat-1, BD
Biosciences, California, CA) or anti-mouse CD9 anti~
body (KMCS, BD Biosciences). After washing in THS-
Tween buffer, the membranes were incubated with
HRP-labeled secondary antibodies; gost anti-rat anti-
body or goat anti-hamster antibody. The expression
tevel of immunoreacted products was determined by
treatment of the blots with an ECL or ECL Plus
Detection ¥t (GE Healthcare Bio-Science Co., New
Jersey, UK} and exposure to Xoray film at room
{emperatire,

Siatirtical Analysis

Data from different groups were tested by thed-test for
the significance of the difference between the means of
two independent samples using the computer software
KaieidaGraph (version 3.6, Synergy Software, Ine.,
Pennsylvania, PA),
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RESULTS

Female Fertility Impaired by CD81 Deficiency

Pignre 1A depicts the average litter size in matingsof
three genotypes of females, wild-type, CD81-+/~ and
CD81-/~ mice, with CD814/— males over a period of
6 months. Although these females displayed normal
mating behavior with the males (data not shown), the
average litter size of CDR1- /- femsles was markedly
reduced relative to those of CD8L+/— and wild-type
mice (on average, 1.3+28 va 113413 and 11.0%
0.8 (Fig. 14A), ‘To examine the sccyte maturation and
avilation, we also collected the epgs fram mice super-
ovilated by stimulation with exogenous gonadotropin.
The eggs collected from {D81--/~ mice were indistin-
guishable with regard to morphology and number (on
average, 18.0 % 2.8) from those wild-type and CD81+/—
mice (on average, 19.9:41.7 and 21,7+ 2.8} (Fig. 1B).
Therefore, the reduction in fertility of CDBI- /- females
did not seem to be due to defects of ovulation or cocyte
maturation,

Involvement of CD81 in Fertilizaiion
To clavify the cause of the reduced fertility of
CD81-/- {emazles, the function of CD81-f- eggs was
further exsunined by IVF. When cumulus cocyte com-
plexes 0Cs collected from CDBI—/— or wild-type
control mice were incubated with the wild-type sperm,
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CDB1 AND SPERM FERTILITY 3
the sperm could disperse cumulus cells, somatic eells
swrrounding eggs, and reach and apparently penetrate
the zona pellucida of CD8i—/— and wild-type eggs.
However, the average rate ol'eggs developing to the two-
cell stage was substantially decreased for CD81—/-sggs
ton average, 15.0 +2.5%) compared with that for wild-
type eggs (on average, 65,0+ 10.8%) 24 hr after incuba-
tion with the sperm (Fig. 11}, Purthermore, in CD81--/--
eggs, several sperm were observed in the perivitelline
space (Fig. 1C). The delayed formation of twa-cell
embryos and the accumulation of more than ona sperm
within the perivitelline space in CD81--/- eggs demon-
steate that CD8I-/- eggs have impaired ability of
fartilization, Subsequently, to examine the cause of the
impaired fertilization, we performed IVY for CD8E-/-
sges and wild-type eggs after the zona pellucida was
removed wsing acid Tyrede solution (Fig. 2A,B). To
measure the number of sperm fused with eggs, hoth
types of eggs were preloaded with DAPT hefore incuba-
tion with wild-type sperm (Yamagata et al., 2002}, One
hour after ingemination, estimation of the average
number of sperm fured with one egg hy measvremeant
of DAPI flucrescence revealed that CD8I—/- eggs
showed adecreased number of fused sperin (on average,
1.21+0,23) in comparison with the wildtype eggs {on
average, 1,85 =0.27). Those results suggest that CD81
is involved in sperm-~egg fusion, either directly or
indirectly.

Fig. 1. Pemale inforfility caused by CDB1 deficiency, Ar Average
litter sizes of crosses hetween CD81+/— moles and throe tvpes of
females, wild-type, (D81 — and {1381~/ mive. Earch of the mating
puirs was kept in o separate cage, and births over a 6-maunth period
wenemonitored. Data of births durfug succesive Zanonth perdods were
grouped togethar, and theavenge Btter des ol wild-type, ODSL+/ - and
CD8E - females was enlovlated fron data reenrded for five mating
pairs 8—15 weeks of ago at the start of the experiment. B: Average
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number of svulated eugs from wild-type, CD8L+/- snd CDBI-/—
female mice. The epgs were coliected 13,516 hr atter h(E freatment,
and counted. (& Representative micrographs of CRSI+/+ and
CDS1~-/~ egas. The eggs were obiained 24 hr after incubation with
the wild-type aperm. D Average mumber of eggs thot developed fo the
two<l} stage 24 hr afiee incubntion with the wild-type sperm. The
bk hars show the results for CDAL -/ apgs (BN, Breor hars
reprecent SEM (A.B,D5 Scale bar, 20 pm (C).
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Fig. 2. In vitro sperm—egg fusion. Average number of sperm fused
with wild-type ox GDBL/ eggs after § he of incubation. Error bara
represent SEM. Data from different groups were tested by thefteast for
the significance ofthe difference between the means of twa indepondent
samples (P 0.08%

Expression of CD9 in CDB81—/— Eggs

The mechanisms by which CD81 aets are still unclear.
However, CD81 tends to form multimolecular complexes
in which tetraspanins associate with specific proteins
depending on the type of cell. In B cells, CDI81 directly
associates with D19, toking part in the CD19.CD21-
(DRl signaling complex (Pileri et al, 19298), which
accordawith the evidence that the expression of CD1%in
hone marrow, spleen, and peripheral B cells isreduced
in CDBY -/~ mice (Mivazaki et al., 1997} As previcusly
mentioned, €D9 on the epy plosma membrane is
required for fusion with sperm, and the impaired
fusibility of CD81~/— eggs with sperm may likely he
dependent on the expression of CDY. To investigate
whether CD81 deficiency may cause downregulation of
CDY expression, the expression level of CD9 was
examined (Fig. J). We collected three types of eggs,

Anti-CD81 Anti-CDg

EY Y &

37

25~
20~

Fig. 3, Theexpression of CD%:in wild-type, CDB 14/~ and CDE1 /-
eggs. Proteins were isolated from the fypes of eggs indicated and
resnlved by sodium dodecyl sulfate polvacrvlamide gel electrophoresis
vuder nonrediting condiions, The pmbeing were elechrphoretically
tenasferred to 2anembrane, where bhey wore probed with antibodieg Lo
ODBE {punel A) and CD? (pancl B The protedns comesponding o
each 110 egp (panel A) and 16 eggs fpanel B were annlyzed.

wild-type, CD81.4/~ and CDB1./- eggs, 13.5-15 hr
after hCG injection into mice, and examined the
expression level of CDY in comparison with thet of
{181 by SDE-PAGE. The amounts of CD81 were
invarishle in wild-type and CD814/— eggs, hut CDAl
was lost in CD8I—/— eggs. By contrast, there were no
significant differences in the expression of CDY among
these eggs. Therefore, the Impairment of fertilization
caused by CD81 deficlency cannot be atiributed io
decraased expression of CDB in eggs.

Expression of CD81 During Folliculogenesis

The expression and localization of CD8Y in ovarian
tissues were immunchistochemically assessed using
cryostat sections of adult wild-type ovaries, The follicles
commist of immature eggs and granulesa cells that
surround the egm a single follicle usually grows to
the preovulatory stage and releases the egg for potential
fertitization (Buccione et al, 1990). Immunchiste-
chemical glaining with antl-CD81 mAb demonstrated
that CDB1 was continuously expressed in the egp and
surrounding follicles (Fig, 4), and in cumulus cells
surrounding ovulated eggs (data not shown). These
dataindicate thatthesperm may encounter D81 enthe
somatic cells surrounding eggs before direck interaction
of sperm and eggs.

Possible Involvement of CH81 in
Acrosome Reaction

Based on the localization of CI381 and the impaired
fertilization of CDBI1—/— eggs, we speculated that the
inability of wild-type sperm to fuse CD81 -/~ eggs might
be due to impairment of prefusional stapes, including
the acrosome reaction. To examine the involvement of
€181 in the acrosoms reaction of the sperm, CD81 -/
aggs or wild-type eggs were incubated with the sperm
collected from transgenic mdce specifically expressing
enhanted green Tuorescent protein (EGEP) in the
acrosomes {Fig. 5). The acrosome corresponds function-
ally to a lysosome and thus contains lysosomal enzymes
{Morene and Alvarade, 2006}, and scrosin is a sperm
acrosomal serine proteinase that is lost from the sperm
head after ihe acrosome reaction is completed {Baba
et al., 1994}, Therefore, sperm expressing EGFFE at the
acrosomes in the heads are useful for the detection of
aerosome-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 pellucida, the eggs were
incuhated with 3.0 x 10° sperm/ml. When the number
of sperm within the perivitelline space were counted 3hr
after incubation with the eggs, we cbserved that an
increased percentage (8.5 1 2.3%) of the sperm that had
penetrated into the perivitelline space of CD81—/— egps
exhibited EGFP fluorescence in their head portion. In
contrast, very few sperm that had penetrated into the
perivitelline space of wild-type eggs exhibited green
Hucrescence (1.4 + 1.0%). These results suggestihat the
sperm that penetrated inte the zona pellucida of the
CD81-/~ eggs were impaired in the acrosome reaction,
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DISCUSSION

D81 hasbeen sugpested to be a protein playing arole
in membrane fusion events, hut the function of CD81 in
sperm-—egg fusion remains unknown. 4s suggested hy
Rubinstein et al. {2006), €D% and CD8: may have
different roles in sperm—egg fusion. This notion is
supported by the following facts: (1) deletion of a single
gene, CD3 or CDAL, causes impaired fertilization, and
the expressien of CD% on eggsis not perturhed by CDS1
deficiency, snd {2) CD8- /- eggs injected with mRNA
egncoding CD81 cannot be fully rescued to the same
degree as those injected with CD9 mRNA (Kaji et al,,
2002).

A

A+

Fig. 8. In wvitro fertilization ssgay for acrosome reaction. A:
Representative photographs. UD8}-/— eggs were inecubated with
tranggenic spermn expressing BHYP at acrosomen in fhe sperm heads.
Epes from wilitype fomales ware also subjected to fortillization using
the AR-GEFP trunsgenic sperm. as eootrols. Four hovrs after inseming -
Hon, the epgx were inspeded for Quomscence vsing a eondoeal
micrarcape, As shown in the upper panel, some CIDE1—/— egps had
sperm with grevn fluareseence {indicated by arrowhends) in their head
Tegion in the perivitelline mpace, while almest no wild-type eggs had
such types of spenn {lower panell. Photomicragraphs telen under
light (DIC); photomicregraphs taken for detecing DaRed 2 transiocated
o mitochendrin by the miention signal (Mt-DsRed?) and specifically
uxpressed in the mid-pievs of speror {indicated by serows]; photomsicro-
graphs taken for detecting BGFP-derived greon fusresconce specifi-
cally expressed in the head region of sperm (indicated by arrowhends)

Genersally, the acrosome reaction is a change in the
membrane of sperm that are activated for penetration
into zona pellueida and facilitates the subsegquent fusion
with the egg membrane (Baba el al,, 19943, During the
aerosome reaction, the disruption of the aergsome
covering the sperm head causes the release of acrosin
andother proteolytic substances. As previcusly reported
{Moreno and Alvarade, 2006), these materials included
in the acrosome are importany for the penetration of
gperm into the zona pellyeida and for sperm—egg fusion,
but the molecular mechanism underlying the acrosome
reaction is largely unkunown. When wild-type eggs
were incubated with sperm expressing EGFP in the
acrosomes, we found the presence of acroseme-intact

15
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BOIOROME- FEct spern (3

¥

Fadis o

&

merged images, Seate bar, 20 um. B Examinstion of aerosome reaction
using EGFP-expressing sperm. {I181-~/~ or wilddivpe eggs were
fertilized in vitro with epididymal sperm expressing BEGFP in {he
apmsumes. Four hours afver nsemination, the spers endering into the
prnviteliine space were fpecied fir fooresoenes using a confbeal
migrascope. Note that the number of sperm crrying int eet scrosomss
{exhihiting green fluprescencain the sporm head rogion, 23 shownin A
and eniering into the perivitelline space of UDBI—/— epgs was
sigmificantly higher than thet of serosome-intact sperm enlgring into
the perivitelline space of wild-type eggs. Aerosome-mntact sperm can
enmly be detented Snee they exhibif bright green Huoreasence in their
head megion, The total number of sperm mbered indo perivitelling space
can bewounted by fuspection for rod 8uomsesnce inthe mid-plecnof the
spwean, §See color wersion online st wwwinterscience wiley.com.]
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sperm in the outer layer of the zona pellucida (data not
showa}, but almost all sperm that penetrated into the
perivitellineg space had lost the acrosome caps (Fig. 5.
These findings suggest that the acrosome reaction may
oeccur in the perivitelline space and/for inner layer ofthe
zona pellucida.

Another possiblereason for the faiture of the acrosome
reaction of BG¥FP-expressing sperm in D81/ eggs i
that “2ona hardening” in CD81—/— eges may not be
sufficient compearsd to that in wildtype eggs. The
weakened zona hardening might permit the penetration
of some acrosome-intact sperm info CDB1-/- eggs.
However, since proteinsother fhan components forming
the zona pellucida may be iriggers for preventing
polyspermy and zong hardening (Sun, 2003), it would
he of interest to test whether (D81 and ZP3 interact
with each other,

In conclusion, the resnlts of our IVE experiments
suggest the possible invelvement of CDS1 in the
acrosome reackion of zona pellucide-penetrated sperm
prior to the fusion of sperm with eggs. Bxtensive
attempts to elucidate the role of CD81 in the acrosome
reaction are now underway.
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