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Abstract

Cryopreservation has been proved as an indispengatilin the research of animal
reproductive biology and in conservation of aningénetic resources. However,
cryopreservation has some disadvantages for staaagetransportation. These issues
emphasize the need for alternative safe and low-sttwage systems for biological
specimens. Therefore, freeze-drying (FD) of sperthoumt liquid nitrogen has been special
of interest.

Sperm DNA is the most important molecule to ensuwemal fertilization and
subsequent development. It is reported that deiletit® structure of chromatin can severely
reduce fertility and early embryo development, @ase spontaneous abortions and birth
defects. The maintenance of DNA integrity during picedures and storage, thus, is
extremely important. The objectives of this studgrevto expand basic knowledge of FD
associated sperm DNA damage and improve the effichsperm preservation method by
FD.

In Chapter 1l, we examined the effect of a comborat of ethylene
glycol-bis(2-aminoethylether)-N,N,NO,NO-tetraaceticid and different concentrations of
trehalose in FD medium on sperm DNA integrity anelit vitro development of IVMif
vitro maturation) porcine oocytes after intracytoplasmperm injection (ICSI) using
freeze-dried boar sperm. Ejaculated sperm fromea Wwere suspended in basic FD medium
supplemented with different concentrations of tleba and freeze-dried. The results
showed that the level of DNA damage, assessed pntéx kit, in the 15 mM group was
significantly lower than that in the 0 mM (contr@doup, and no difference was observed
between the 15, 7.5, and 3.75 mM groups. Moredkiere were no significant differences in
the DNA damage level among 0, 3.75 mM, and theraheups. When freeze-dried sperm
were used for ICSI, the fertilization rates andshdayst formation rates in the 7.5 and 15
mM groups were not different from those in the colngroup. These results suggest that FD
medium supplemented with trehalose at appropriateantrations improves sperm DNA
integrity, but does not improve fertilization ancepnplantation embryo development of
IVM oocytes following ICSI.

Previous studies demonstrated that the oocytesdiainy to repair DNA damaged
sperm. The DNA damaged sperm may activate matBidal repair genes when injected to
oocytes. Accompany with the results from Chaptewd hypothesized that different levels

of DNA damage in sperm may lead to various expoeskvels of DNA repair genes in



oocytes injected with those sperm. Therefore, iaf@ér 111, we investigated the expression
profile of some DNA repair genes in porcine oocyafter ICSI. Firstly, the expression
levels of MGMT, UDG, XPC, MSH2, XRCC6, andRAD5S1 genes that concerned with the
different types of DNA repair were examined in I\ddcytes injected with ejaculated sperm,
or freeze-dried sperm with or without trehalose.aftitative RT-PCR revealed that
expression of six DNA repair genes in the oocyte4 hour after injection did not differ
among the four groups. Next, we investigated theegexpression levels of these genes at
different stages of maturation. The relative exgims levels ofUDG and XPC were
significantly up-regulated in mature oocytes corepawith earlier stages. Furthermore,
there was an increased tendency in relative expres$ MSH2 andRAD51. These results
suggested two possible mechanisms that mRNA(s) WA Depair genes are either
accumulated during IVM to be ready for fertilizatior increased expression levels of DNA
repair genes in oocytes caused by suboptimal IVMItmns.

In order to improve the efficacy ot vitro porcine embryonic production following ICSI
using freeze-dried sperrhe effects of freeze-dried sperm treatment wiitom X-100 (TX)
were examined in Chapter IV. Freeze-dried sperrh {di& mM group) or without (0 mM
group) trehalose were rehydrated and centrifugedsamicated to isolate the heads from
their tails and treated with 0, 0.5% or 1.0% TX @ min at room temperature. The
percentages of oocytes displaying two polar bodras$ two pronuclei after injection and
electrical stimulation were highest in the 15 mihtilose group treated with the 0.5% TX
(77.52%) but not significantly different from themnaining sperm-injected groups. In
conclusion, the present study showed that freeeeldsoar sperm treated with TX at
different concentrations did not improve normatifization of IVM oocytes after ICSI.

In Chapter V, the effects of centrifugation andceie stimulation on ICSl-oocytes
were examined. Firstly, the effects of oocyte dargation before injection were assessed.
Freeze-dried sperm after 0 mM trehalose treatmené¢ \wjected into 3 different layers of
centrifuged oocytes. The results showed that thegee no differences in normal or
abnormal fertilization among all groups comparethvithe control. Next, the effects of
oocyte centrifugation after ICSI were investigatédeeze-dried sperm from the 15 mM
trehalose group were used for injection. One htiar ajection, the oocytes were subject to
centrifugation (CF+) or without centrifugation (QFeombined with electrical activation
(EA+) or without electrical activation (EA-) andlturedin vitro for 9 hours to examine
fertilization status. Normal fertilization rates mgesignificantly higher in the groups with
electric activation than those of without electaictivation. In addition, these rates were



significantly higher in the control group companeiih the remaining groups. The results
confirmed the importance of additional electricnstlation to activate the porcine

ICSI-oocytes. In addition, centrifugation showedegative effect on normal fertilization in

case of electric activation and no effect on norieatilization in case of no electric

activation was applied.

In parallel, we tried to transfer embryos obtaiaédr ICSI using freeze-dried sperm
into recipients to generate live piglets in ChapterFreeze-dried sperm from the 0 mM and
15 mM trehalose groups were used for this experim8perm-injected oocytes and
parthenogenetic embryos were co-transferred indoaWiducts of recipients to observe
full-term development. After 7 trials, we have been succeeded in producing live piglets.
Consider that blastocyst quality may responsibiddibed outcome of embryo transfers, we
continued to conduct the experiments in Chaptert&tompare DNA fragmentation level
(apoptosis) in nuclei of blastocysts obtained frdifferent types of sperm both in IVF and
ICSI assessed by TUNEL assay. However, our resutigest that blastocyst quality (total
cell number and nucleus DNA fragmentation) might aaeason for failure in embryo
transfer in this research.

In conclusion, the positive effect of trehalosdiA integrity of freeze-dried sperm
provides important information for the improvemehfD methods associated FD medium;
expand basic knowledge of FD associated sperm D&Aagie in pigs. This research also
has contributions in practice since FD will grea8ymplify the establishment and
management of biobanks. It also helps to mininmizeenvironmental costs arising from the
production and use of liquid nitrogen and otheivéas for maintenance of facilities of

cryopreservation system.

Keywords: trehalose, freeze-drying, pig, gene expressiqrerm treatment, oocyte

treatment, embryo transfer, TUNEL assay



Abbreviations used in the dissertation

ART assisted reproductive technique
ATP adenosine-5'-triphosphate

BER base excision repair

BSA bovine serum albumin

cAMP cyclic adenosine monophosphate
CF Centrifugation

CcocC cumulus-oocyte complex

CSC chromosome-spindle complex
DDT Dithiothreitol

DNA deoxyribonucleic acid

DNase | deoxyribonuclease |

DSBs double stranded breaks

DSBR double strand break repair

eCG equine chorionic gonadotropin
EGA embryonic genome activation
EGTA ethylene glycol-bis(2-aminoethylether)-N,N,NO;tetraacetic acid
ET embryo transfer

FAO Food and Agriculture Organization of the @ditNations
FD freeze-drying

FPN female pronucleus

yH2A.X histone H2A. X phosphorylated at serine 139
FSH follicle-stimulating hormone

GSH gluthathione

GV germinal vesicle

GVBD germinal vesicle break down
GVL late germinal vesicle

hCG human chorionic gonadotropin
ICSI intracytoplasmic sperm injection
IVC invitro culture

IVF in vitro fertilization

IVM in vitro maturation

IVP in vitro production
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M-I
M-I
M-111
MAPK
MMR
MPF
MPN
MRNA
NCSU
NER
PB
PBs
PCR
PLCC
PMSG
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PNs
PVP
RT-PCR
SOAF
SEM
SSBs
TCM
TUNEL
TX
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luteinizing hormone

liquid nitrogen

metaphase-|

metaphase-II
metaphase-ll|

mitogen-activated protein kinase
mismatch repair

maturation promoting factor

male pronucleus

messenger Ribonucleic acid

North Carolina State University
nucleotide excision repair

polar body

polar bodies

polymerase chain reaction
phospholipase C zeta

pregnant mare serum gonadotropin
Pronucleus

Pronuclei

Polyvinylpyrrolidone

reverse transcription polymerase chain i@act
sperm-borne oocyte-activating factor
standard error of the mean

single stranded breaks

tissue culture medium

terminal deoxynucleotidyl transferase
triton X- 100

zygote genome activation
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Chapter |
General Introduction

1.1. Pig as a good model for bio-medical research

Pigs play an important role not only in meat supfdy human beings but also in
biomedical research. Pigs contribute about 37.7%exdt consumption of the world (FAO,
2009). However, according to a report of FAO in @087 pig breeds are categorized as
critical, another 85 breeds are endangered antrEgtls have become extinct (FAO, 2000).
These statistics show clearly a globally serioukicdon of pig biodiversity. In Vietnam,
there are about 27.6 million pigs, ranked the tount the world in number of pigs and
contributes 3.03 million ton pork per year, rankied sixth in the world in pork production
(FAO, 2009). According to latest data of FAO, thumter of pigs slightly decreased to 26.3
million, supplied 3.22 million ton pork in 2013. lgeneral, pigs always play the most
important role in livestock animals in Vietham amdke a very far distance in number of
heads related to cattle, buffalos and goats (FAXQ3R Vietnam is also the country where
many endemic breeds are found: | pig, Mongcai ldigpngkhuong pig, Meo pig, Soc pig,
Vanpa or mini pig, Co pig (Dang Nguyen et al. 20 E}ceptional characteristics of local
breeds are well-adaptable to changes of enviroraheondition, good severe tolerance,
specific pathogen tolerance, especially good w@fsteeat. However, slow converting ability
from energy into muscle and protein of local breshid development of hybrid and
high-yield breeds and the poor management of bremdervation are main reasons leading
to serious reduction in pig biodiversity in Vietnawith above dominant characteristics and
high genetic diversity, long-term conservation oétiamese pigs for future generation is
important and urgent.

Pigs are also one of animals suitable as a valyatglelinical model for biomedical
research because they own the physiological, genqiumphray et al. 2007), and
anatomical similarities to humans (Swanson et @042. Pigs, therefore, have become
increasingly important as potential xenograft denand transgenic animals to produce
specific proteins (Hornak et al. 2012). Traditidpatoxicity tests often utilize rat and dog
models without considering whether there is anrmétiive species that might be more
appropriate for testing a specific compound. While animal model can completely

recapitulate the effects of every drug administéodtimans, previous research have shown



that large animals are better preclinical modetsdfoig toxicity than rodents (Olson et al.
2000). In this respect, pigs have been proved th& sBuitable choice.

Potential of minipig as a platform for future dem@inents in genomics, transgenic
technologyjnvitro toxicology and related emerging technologies leenlvecognized since
some decades ago (reviewed by Forster et al. 20h@®).is due to the fact that the current
knowledge bases for the most of the field of stsidgh as genomics, reproductive biology,
immunology and genetic manipulation is significargteater for the pigs than the dogs or
non-human primates.

In addition, domestic pigs are plentiful and inexgige, because they are
well-established as a food source for human beiligsy are used in medical training
programs with a mature body weight of approximal€l§ kg (Kobayashi et al. 2012). More
suitable for medical research than domestic pigsvelver; miniature pigs with a mature
body weight of 40 to 50 kg are more expensive bexatiimited annual production. Under
both the economic aspect and the ethical poinief vthe pattern of sharing and reuse of
miniature-pig tissues and cells for research atermenended to reduce the total number of
pigs needed for medical research (Kobayashi @0412).

The other advantages of utilization the pigs ireaesh are also recognized. Research
with human materials (oocytes and sperm) is bdgitialited; the use of domestic species,
therefore, will rapidly promote our understandinfy tbe fundamental mechanism of
intracytoplasmic sperm injection (ICSI) (Catt & Rims 1995). Pig ovaries from
slaughter-house are waste materials and abundarteso This is also a great advantage of
invitro research related to pig ovaries compared withrdivestock. In the studies related
to female reproductive tract, porcine Fallopianesilare prominent and tortuous, making
them readily accessible to surgical procedurephlrmaceutical safety studies, non-human
primates are also often used; however, pigs a@ glédstituted animals because they are
sexually mature at about 4—6 months of age whieatpe of non-human primate is much
later (for example, 3—4 years for macaques). Tipeese for housing and feeding for pigs
can be reduced significantly. Additionally, pigszeanultipule litters rather than single birth
of primates potentially reduced genetic variabibBtween the litters.

In brief, with the importance mentioned above, emation activities including the
establishment of gene bank for long-term storagktla@ utilization of assisted reproductive
technologies (ARTS) are extremely necessary. Ietfogt to conserve minipigs in Vietnam,
ARTs have been used to produce embryositro from Ban pigs (Nguyen et al. 2007;
Dang-Nguyen et al. 2010).



1.2. Freeze-drying as an effective approach for pservation of mammalian sperm

Prokaryotic and eukaryotic organisms contain appnately 76-90% water, which is
required to create the intracellular aqueous enmnent in which all biological processes
occur (Billy & Potts 2001). However, the organisare generally unstable when kept in
agueous solutions at room temperature because dtradation, denaturation and growth
of microbial contaminants (Arakawa et al. 2007).other words, water is an important
contributing factor to the conformational stabildfa protein; on the other hand, water is a
destabilizing factor in the long-term preservaidithe chemical and structural integrity of a
protein. Therefore, various preservation methodshsas cryopreservation, vitrification,
lyophilization or freeze-drying (FD), air drying gacuum drying, have been developed to
avoid/reduce the negative effect of water. Lyophtiion is the process which extracts the
water from a product to the level at which the dgital growth and chemical reactions are
no longer supported, thus the product can retaiiestand easy to store. Lyophilization uses
the simple principle of physics called sublimatiddublimation is the transition of a
substance from solid (ice) state to the vapor statieout passing first through a liquid
(water) phase. It is an effective method for preisgr a wide variety of heat-sensitive
materials such as proteins, microbes, pharmacdésjtitasues and plasma. This process
consists of two major steps: 1) freezing of a proselution, and 2) drying of the frozen
solid under vacuum. The drying step is further dlsd into two phases: primary and
secondary drying. The primary drying removes tlogdn water and the secondary drying
removes the non-frozen ‘bound’ water (Arakawa e18983).

It is recognized that the maintenance of cellsiguiti nitrogen (LN) is the golden
standard for storing frozen cells (Loi et al. 2Q08RTs in general and cryopreservation in
particular have been proved as an indispensablartdbe animal reproduction field, not
only to maintain and improve the quality of livestoanimals, but also to conserve the
genetic diversity of rare species, or maintainange number of genetically modified mouse
strains (Wakayama et al. 2010). Unlikely oocyteoprgservation, sperm cryopreservation
has early succeeded in retaining fertilization pérsn and in producing viable piglets
(Mattioli et al. 1989; Yoshida et al. 1993b). Specmyopreservation is important for the
following purposes: 1) maintenance of genetic diitgrin domestic and wild species
populations; 2) facilitating the distribution ofrgetically superior domestic species lines; 3)
treatment of iatrogenic infertility and 4) genebanking of genetically modified animal
models of human health and diseases. The noveidisg of Polge et al. (1949) showed that



the use of glycerol and its analog could providetgxtion ablility to cells at low
temperatures. This is often cited as the definirgnent in the establishment of modern
sperm cryobiology. The discovery paved the waydeep-freezing cells in LN. Then the
process of finding a solution for avoiding intrdakr ice formation in freezing resulted in
the evolution of the freezing paradigms, such amswvsfreezing and rapid freezing
(vitrification). Vitrification is a powerful techgiue for cryopreservation of mammalian
sperm, oocytes and embryos (Rall & Fahy 1985; K&8di2). In general, the current
freezing protocols are straightforward and effitievith a good recovery rate after thawing
(Shevde & Riker 2009), but cryopreservation in gahand vitrification in particular are not
devoid of problems (reviewed by Loi et al. 2013ydnese of following disadvantages: the
need for a stable replacement supply of LN foregjer the expense of long-term storage of
LN, the difficulties with international transpori@t, and the effects of unpredicted disasters.
Especially, aside from these practical inconveresnthe storage of genetic materials in LN
also pose an environmental concern, since indupnaauction of LN and the maintenance
of its storage centers have a high carbon emigkmret al. 2013). In addition, LN which is
not readily available in some parts of the workpexially in developing countries, also is a
big obstacle. These issues emphasize the needtéonadive safe and low-cost storage
systems for biological specimens. Therefore, cheape safer solutions for long-term
storage of sperm have been sought and deployedigawitich preservation by FD without
LN has been a focus of attention. However, boaresediffers from the semen of other
domestic animals in several aspects. It is produneldrge volumes and is extremely
vulnerable to sudden cooling immediately after exiibn (cold shock) (Ericksson 2000).
Therefore, boar semen requires special consideratidhe design of freezing protocols
(Pursel & Johnson 1971). Undoubtedly, the effastgleévelop FD method would open the
promised new perspective to the conservation ahahgenetic resources.

Various reports have claimed that freeze-driedrapghich are not motile but have an
intact DNA were able to fertilize oocytes. Katayateal. (1992) firstly demonstrated that
hamster and human sperm can form a pronucleus {&llwing microinjection into
hamster eggs and prior storage in the dehydratel fair 12 months at 4°C. Offsprings after
microinjection of freeze-dried sperm that had betored at room temperature were
produced in mice (Wakayama & Yanagimachi 1998, Kaba et al. 2001), rabbits
(Yushchenko 1957; Liu et al. 2004), and rats (Hyayashi et al. 2005). These findings
demonstrated that nuclear and cellular viability mot equivalent. Despite drastic physical

alternations in sperm structures the nuclei offeedried sperm seems to be cytogenetically
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intact, because 92% of oocytes injected with a itafvtbeze-dried sperm had normal
chromosome constituents when examined beforentecfeavage (Liu et al. 2004). In pigs,
it has been reported that ICSI-oocytes using freleel sperm have the ability to develop to
the blastocyst stage (Kwon et al. 2004) and dagf3$estation period after transferring to
recipients (Nakai et al. 2007). Next target wouddloe generation of normal offsprings from
freeze-dried sperm in remaining species and thgsergnents are currently ongoing.

Freeze-dried sperm losses of motility since proc#dsD deeply damages sperm
membranes including acrosome membrane (Gianardai.e2012). However, the sperm
acrosome contains a variety of hydrolytic enzyntlks;release of these enzymes into the
ooplasm might be harmful (Tesarik & Mendoza 199ased on the findings that the
injection of an intact hamster spermatozoon imwoaise oocyte leads to degeneration of the
ooplasm, whereas the injection of a demembranedtearspermatozoon without acrosome
forms two normal pronuclei; Kimura et. §L998) suggested that there is species-specific
tolerance of the ooplasm to exotic acrosomal cdsteBimilarly, in golden hamsters,
Yamauchi et al. (2002) reported that all oocytgsated with acrosome-intact sperm heads
died within 3 h after injection, while those oocyigjected with acrosome-free sperm heads
survived. It also has been demonstrated that upeure of the sperm plasma membrane
prior to injection allows sperm decondensing fagiaroocytes an easy access to the sperm
nucleus following ICSI in humans (Dozortsev et #095) and presence of an intact
acrosome in ooplasm might hamper this process.Drpfeservation, the loss of sperm
acrosome is not a challenge because acrosomal damaagio effect to fertilization ability
of freeze-dried sperm injected into ooplasm; initholal, the concern about negative effect of
hydrolytic enzymes in acrosome is also eliminatddre interestingly, it is reported that
ability of dead, immotile and motile sperm to dedense and to form male PN after ICSI
was not significantly different (Wei & Fukui 1999rovided that DNA integrity of the
sperm nucleus is maintained, embryos could be gesttiby ICSI technique even using
severely membrane damaged sperm that are no |l@agable of normal physiological
activity (Kusakabe et al. 2001).

Advantages of sperm FD can be further emphasizedsa of bulls with high economic
importance because of the sensitivity of spermhafsé¢ individuals to the process of
cryopreservation (Hochi et al. 2011). Likewise species whose sperm are difficult to be
preserved by freezing, FD will be a good replacdamidowever, the high initial cost and
expensive equipments may be the disadvantages gbrégervation. Also, freeze-dried

sperm are dead in conventional sense after delgdrand rehydration; therefore, they
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cannot be used in artificial inseminationowitro fertilization (IVF) programs (Hochi et al.
2011), ICSl is the only way to use freeze-driedspe

The research in the field of sperm FD was inteenituntil ICSI using nonmotile sperm
was proven efficiently in practice starting withaai(Kimura &Yanagimachi 1995). The
successful production of live offsprings deriveahfrICSI with freeze-dried sperm has been
reported in mice (Wakayama & Yanagimachi 1998; lkaba et al. 2001; Kaneko et al.
2003; Ward et al. 2003), in rats (Hirabayashi e805; Kaneko et al. 2007; Hochi et al.
2008), in hamsters (Muneto et al. 2011) and initakfhiu et al. 2004). In other domestic
species, only blastocysts have been obtained tile c{eskintepe et al. 2002; Martins et al.
2007; Hara et al. 2011) and in pigs, developmetitéddlastocyst stage (Kwon et al. 2004)
and 39-day fetuses (Nakai et al. 2007) have beported until now. In monkeys, the
pronuclear-stage zygotes have just been obtairsf®z-Partida et al. 2008) (Table 1- that
was modified and updated from Hochi et al. 201hgr€ is still a problem in producing live
offspring from freeze-dried sperm in many othenaads such as cattles, pigs, and monkeys.
In a recent study, Gianaroli et al. (2012) atteptefreeze-dry human sperm and reported
that sperm viability and motility were totally congonised after FD but sperm chromatin
structure was not altered in comparison with fregérm. The author demonstrated that FD
procedure did not affect DNA integrity of human spe

Similar to cryopreservation, in lyophilization, desery and selection of lyoprotectants
(protectants used for lyophilization) play a vemportant role for the success of this
methodology. Studies of substances supplementeD tmedia to reduce the DNA damage
of freeze-dried sperm have been of special intev¥éskayama and Yanagimachi (1998) two
conventionally used culture media (CZB; Chatot ZednBavister and DMEM; Dulbecco
modified Eagle medium) to FD solution and produseccessfully live pubs (Wakayama &
Yanagimachi 1998). On the other hand, Kusakabé ¢2@01) recommended the use of a
solution composed from 10 mM Tris-HCI, 50 mM Na@da50 mM ethylene glycol-bis
(B-aminoethyl ether)-N,N,N’,N’-tetraacetic acid (EGYfor FD of mouse sperm. During
the process of FD or freezing without cryoprotettdamaged plasma membrane released
endonucleases which are responsible for DNA fragatiem (Kusakabe et al. 2001; 2008)
and this enzymes are activated by divalent catimh s C& and Md" (Sotolongo et al.
2005). However, activation of the endonuclease lvalinhibited by the addition of chelating
agents such as EGTA to the FD buffer. The posigffect of EGTA continued to be
demonstrated in other species including pigs (Nekal. 2007) and cattle (Martins et al. 2007).



Trehalose  d-D-glucopyranosyl  o-D-glucopyranoside, molecular formula:
C12H220:11.2H,0) is a non-reducing disaccharide formed by th&alye of two glucose
molecules. It shows mild sweetness (45% sucrosgh, $olubility, low cariogenicity, low
hygroscopicity, and high glass transition tempeeatgood stability during processing and
storage and excellent protein protection propertiess more widely applicable to food
technology and biotechnology (Schiraldi et al. 200@was first described in the early™9
century as a component of the ergot of rye, lagmodered in a great variety of species include
the so-called “resurrection plant®daginella lepidophylla), certain brine shrimps, nematodes
and baker's yeast showing the incredible propeftguoviving for years to dehydration
(reviewed by Schiraldi et al. 2002).

In previous studies, trehalose has also provedc@¥ie in the cryopreservation of
sperm (Eroglu et al. 2009; Hu et al. 2009; Kozdkn2§09), oocytes (Eroglu et al. 2002),
and stem cells (Gordon et al. 2001). The high gtemssition temperature is one of the
major advantages of this sugar compared with cotweal cryoprotectants inculuding
dimethyl sulfoxide (DMSO), ethylene glycol (EG) apdopanol (PROH). In addition,
mammalian cell membranes are practically impernmeetbbkugars; thus, it has been used
as an extracellular additive (Eroglu et al. 200B)is property helps cells to minimize
intracellular ice formation during cryopreservatiwhich is one of the main reasons for
reduced quality of frozen-thawed sperm.

Besides, trehalose was also reported to have motality in stabilizing protein
structure and bio-membrane in the dry state. Toseahas multiple functions, and some of
them are species-specific. The anhydrobitic orgasiare able to tolerate the lack of water
owing to their ability to synthesize large quaestiof trehalose including plants, fungi,
bacteria and invertebrate animals, and trehalasgs key role in stabilizing membranes
and other macromolecular assemblies under extremeiroamental conditions
(Higashiyama 2002). Moreover, in anhydrobiosis,rgweetabolic process is switched off,
and then can be restored without any irreversil@mate upon rehydration, thus, such
organisms can survive for decades in the dry shéenatodes, when dehydrated slowly,
convert as much as 20% of their dry weight to tteba, helping them survive
dehydration (Crowe et al. 1992). The large amogntienulation of trehalose is restricted
to some desiccation tolerant plants such as soms &nd the angiosperityrothamnus
flabellifolia (Muller et al. 1995).

Previously, trehalose was considered as a storatgeuie, aiding the release of glucose

for carrying out cellular functions but the role wEhalose has expanded up to now
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(reviewed by Jain & Joy 2008). It is synthesizechasress-responsive factor and help in
retaining cellular integrity when cells are expose@nvironmental stresses like heat, cold,
oxidation and desiccation.

However, studies in some anhydrobiotic organisme hiadicated that the mechanism
of desiccation tolerance involves not only sugarsaiso several osmolytes, non-enzymatic
antioxidants and even protein (Crow et al. 2005)dé&tstanding these mechanisms have
many applications in cell biology because the elatton of how anhydrobiotic organisms
escape irreversible damage caused by dehydratiocordribute to the understanding of the
importance of water in maintaining the structurad &unctional integrity of membranes and
fully hydrated cells (Crowe et al. 1987).

Inspired by these survival schemes in nature, nstugies have been conducted on the
protective effect of trehalose on different bionwolkes, mainly proteins and membranes.
Accumulating evidence suggests that trehalose g gHective for cells in preventing
drought injury. It also may act as a free radicalvenger (Benaroudj 2001). Although, the
exact mechanism mediates the protective effediebélose is not completely defined.

Trehalose, even in small quantities, inhibits esiéusion completely and depresses the
phase transition temperature of dry lipids, mamitag them in the liquid crystalline phase in
the absence of water (Crowe et al. 1992). Becaligg ligh hydration potential, trehalose
may stabilize biological membranes and proteinthéndry state by hydrogen bonds of its
hydroxyl groups to the polar groups of proteins phdsphate groups of membranes (Kawai
et al. 1992). Moreover, trehalose has the tendemégrm a protective glass-like structure
that has a low reactivity, making it more stablarnthother disaccharides due to its
non-reducing characteristic. In this hygroscopmsgtlike structure, trehalose is extremely
stable both at high temperature and when compldediccated and may hold biomolecules
in a form that allows them to return to their natigtructure and function following
rehydration (Crowe & Crowe 2000). In fact, veryilalproteins such phosphofructokinase
which completely inactivates after dehydrationfoess its complete (100%) activity when
rehydrated following a FD process in the preseridesbalose, but only small (13% of the
original) activity is restored if trehalose is raped by glucose (Carpenter et al. 1987).

Although trehalose has been used as a cryoprotdotanocyte cryopreservation, but it
is the most effective in stabilizing membranes e wry state (Crowe et al. 1992).
Remarkably, protective effect of trehalose is gjtgrenhanced when combined with late
embryogenesis abundant (LEA) proteins — a proieshifientified in land plant, originally

discovered in the late stages of embryo developineplant seeds and their expression is
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associated with desiccation tolerance in seeds ammydrobiotic plants. LEA protein is
expressed in eukaryotes, suggesting that mammedil;d may be protected by the same
mechanisms although the path to lyophilizationao§ér organisms is not so straightforward
(Hand et al. 2011).

1.3. Intracytoplasmic sperm injection as a unique m@thod for freeze-dried sperm

ICSI is an advanced technique in which one singlm is injected directly into an
oocyte. Firstly, Uehara and Yanagimachi (1976)iedrout successfully the microinjection
of human and golden hamster sperm into hamstertemc$ince then, ICSI has been used to
generate live offspring of rabbits (Deng & Yang 20Blosoi et al. 1988), cattle (Goto et al.
1990), humans (Palermo et al. 1992), mice (Kimunréaaagimachi 1995), sheep (Catt et al.
1996), horses (Cochran et al. 1998), cats (Poak £#998), monkeys (Hewitson et al. 1999),
pigs (n vivo matured oocytes, Martin 200 vitro matured oocyte, Nakai et al. 2003) and
golden hamsters (Yamauchi et al. 2002). This tephnihas widely accepted in assisted
reproductive technologies in human to overcomeestibfy or infertility mainly caused by
male factors. Heterologous ICSI could be a powethol to study human sperm
functionality using pigs as the oocyte donor (Casoet al. 2007). Interestingly, while direct
sperm injection into human oocytes (ICSI) resuttshigh fertilization, development and
pregnancy rates, equivalent to those found withrgosoproduced by conventional IVF
(Van Steirteghem et al. 1993); the outcomes of i@ 8bmestic species are still low. On the
other hand, ICSI has become the potential tootHferconservation of endangered species
(Iritani 1991), for the propagation of livestoclesjes with the high genetic merit and for the
research of fertilization mechanisms.

There are two areas where ICSI has already hadeatdmpact (Catt & Rhodes
1995). One is direct propagation and the otheay test of X and Y sperm separation or sex
sorted semen technique. First piglets were prodwithdhe desired sex by intracytoplasmic
injection of flowcytometrically sorted sperm (Prol®& Rath 2003). In some cases, the
semen can be unsuitable for artificial inseminatioaven IVF, but ICSI can be successfully
used to generate embryos. For the sperm separsgmmique, sperm subjecting to
procedures of flowcytometry could have low motilitgcause of their susceptibility and low
numbers because of technical restriction, ICSI lsarused to overcome this limitation.
Especially, immature sperm, sub-fertile sperm, iglprdal sperm, testicular sperm and even
only sperm head (Hamano et al. 1999; Nakai et0fl32can be used for ICSI (Anees 2008).

Injection of a sperm head produced a blastocys sahilar to injection of a whole
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spermatozoon (Lee et al. 2004). This suggests dbatponents of the sperm tail and
mid-piece are not essential for fertilization anmdbeyo development in the case of ICSI
since isolated sperm heads contains a completeitdagat of chromosomes in their nucleus,
the nucleus could fuse with female chromatin ancklibg into an embryo. Actually, healthy
piglets were produced from ICSI of a sperm heguigs (Nakai et al. 2003).

ICSI is a procedure that bypasses not only the lemeproductive tract but also
sperm capacitation, acrosome reaction, zona pdfupenetration, and membrane fusion
between gametes (Danan et al. 1999). Each of hatigas involved in fertilization may
play an important role in the physiological contoblreproduction. In natural fertilization
process, a sperm head is penetrated into cytoplasmona pellucida with the absence of a
mid-piece and a tail. However, ICSI allows the atjgn of either whole sperm or sperm
head only into ooplasm with the same outcome. fgjrted that the injection of isolated
sperm head can still activate an oocyte and od\sgierm head is critical for egg activation
and subsequent embryonic development at leastde (Kiuretake et al. 1996; Kimura et al.
1998). Although the sperm mid-piece with paternaioomondria is introduced into the
ooplasm by ICSI in case of whole sperm injectidre tnitochondria of offsprings are
inherited exclusively maternally (Danan et al. 19%erefore, deficient mitochondria
diseases from paternal origin will not be a troablee when this technique is used.

ICSI and xenografting of gonadal tissue into imnaefaient experimental animals
combined with optimain vitro embryo production (IVP) system have been expectda
useful for the conservation of gametes (oocytermspdérom important genetic resources
(Kikuchi et al. 2008). ICSI using fresh xenogengperm has generated live offsprings for
the first time in rabbits (Shinohara et al. 2008y gigs (Nakai et al. 2010). Xenogeneic
transplantation into immunodeficient mice may beeom crucial approach for the
preservation of fertility in prepubertal male ormgy patients and for studying
spermatogenic failure in infertile men (Shinohataak 2002). However, the fact that
immediate testis transplantation is not always ibbssthus, testicular tissues may need to
be stored until offspring production (Kaneko et24113). Based on the fact, this researcher
group used xenogeneic sperm obtained from immafige testicular tissue after
cryopreservation to produce successfully live ggy{&aneko et al. 2013).

Besides, sperm-mediated gene transfer through I@8hnique has been
successfully utilized in mice, monkeys, cattles @ngs by binding exogenous DNA to
sperm prior to the fertilization/injection (Perr@49; Chan et al. 2000; Shemesh et al.
2000; Garcia-Vazquez et al. 2010).
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It is reported that a high incidence of polysperpeaetration and a low incidence of
male pronuclear formation have been observed reg@lgain porcine oocytes matured and
fertilized in vitro (reviewed by Niwa et al. 1993; Coy & Romar 200K}SI is one
alternative way forin vitro production of monospermic zygotes to solve polysye
problem in IVF system. In addition, cryopreservedyies were also reported evidences of
polyspermy by the early extrusion of cortical grasu(Vincent et al. 1990) and zona
pellucida hardening through premature cortical-glamelease (Schalkoff et al. 1989) as a
result, cryopreservation decreased fertilizatioifitglby IVF. In these cases, ICSI would be
a reasonable alternative. Last but not the leBigisperm have lost their motility, ICSI is
indispensable for fertilization to produce the ngeheration (Kikuchi et al. 2008). It is the
unique method available to use immobile sperm sisalound spermatid (Ogura et al. 1994,
Hirabayashi et al. 2002) and freeze-dried spermk@¥@ama & Yanagimachi 1998).

1.4. Improvements forin vitro production of porcine embryos

Collection of oocytes or embryos from donor animassurgery is time consuming and
expensive, and numbers are limited. Alternativiie, efficient utilization of ovaries from
slaughterhouse animals to generate mature oocytegrabryos vian vitro techniques is
very important (Abeydeera 2002). Ovaries from shdeged animals are the cheapest and
the most abundant source of primary oocytes fgelacale production of embryos by IVP
system.In vitro embryonic development depends on many factorsureumedia, culture
condition, physical manipulation, semen qualitycyie quality. In general, the studies
toward the improvements in IVP system have beemgded based on these factors. In this
study, | will focus on sperm factors and oocytddeg, treatments that have been attempted
for sperm and oocytes in order to improve fertti@a in particular and enhance the efficacy
of IVP system in general.

In vitro developmental competence of pordingitro matured andertilized oocytes to
the blastocyst stage and the birth of live pighegse first confirmed and reported (Mattioli et al.
1989; Yoshida et al. 1993b; Kikuchi et al. 200ZH)ese achievements paved the way for
further research in order to improve intensively Igf porcine embryos, serve for basic and
applied research. However, IVP system in pigsilispetor compared taon vivo counterpart
(Kikuchi et al. 1999) as well as comparingreitro development of other species such as cattle
or mice. This slows down the progress of othera@petive techniques such as embryo transfer
(ET) and establishment of embryonic stem cells leeahese techniques depend on the

blastocyst yield and quality as the material saurce
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Indeed, various modifications to IVP system haverbattempted with significant
findings, starting fromn vitro maturation (IVM). IVM of oocyte is a critical coropent of
IVP system. The immature oocytes collected fronriegaat slaughterhouse are subjechto
vitro maturation from the germinal versicle (GV) stagé¢hte metaphase-Il (M-11) stage and
ready for fertilization and subsequent developm&he oocyte quality directly influences
on the outcome of IVP. Many studies have been ctteduto enhance oocyte quality after
IVM as well as to improve the effectiveness of IVMor example, in order to increase
maturation rate and developmental ability, selectid oocytes based on morphological
criteria, the modification of culture media, thepplementation of hormones (LH, FSH,
PMSG, hCG and so on) or some substances (cysteyiséecamine, vitamins, porcine
follicular fluid (pFF), serum and so on) into IVMedia has been investigated intensively in
the literature until now. Nuclear maturation of gtecalong with cytoplasmic maturation is
important for the completion of meiotic divisionrfthe success of fertilization. Nuclear
maturation can be determined visually by the exruof the first polar body (PB).
However, nuclear maturation is not a prerequisé&ininant of oocyte developmental
potential. Inadequate cytoplasmic maturatiomafitro matured oocytes and/or suboptimal
embryo culture condition may be responsible forrpgmbryo quality (Abeydeera 2002).
Unfortunately, indicators for cytoplasmic maturatiare unable to be accessed by vision.
For examples, oocyte glutathione content is comsdleés an indicator of cytoplasmic
maturation of oocytes (Funahashi et al. 1994) lotitvisually inspected. The oocytes with
full cytoplasmic maturity can only be determineteafertilization by the presence of a male
PN, a female PN and two PBs. In the efforts to owprthe cytoplasmic maturation iof
vitro matured oocytes, various meiotic inhibitors (ragioe-Coy et al. 2005; butyrolactone
| and cycloheximide-Marques et al. 2007) have el for porcine oocytes which maintain
the oocyte at the germinal vesicle stage, tryingnitmic thein vivo conditions of the follicles,
and increase the cytoplasmic maturation period.

Recently, assessment of oocyte quality and matbagsed on molecular markers has
become more important. It is reported that geneslwed in metabolism such as nucleotide,
carbonhydrate and protein metabolism were repdadx decreased in prepubertal female
derived porcine oocytes (ovaries without corpotadycompared with the oocytes derived
from cyclic females (Paczkowski et al. 2011). Thgortance of metabolism in oocyte
maturation and the relationship between metabaliesr and developmental competence
were well-documented in previous studies (KrisheB&vister 1999; Preis et al. 2005).

Therefore, compromised developmental competende wiro vs.in vivo mature oocytes
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and prepubertal vs. cyclic derived oocytes islaitad to the non-fulfilment of metabolic
requirement for fertilization and embryo developtmehhe next key objective toward
achieving more efficient IVM will be to establishet molecular determinants/markers of
oocyte quality (Lee et al. 2008).

Regarding to sperm factors, in fact, differencesparm treatments prior to ICSI may
result in different amount of damages to sperm nramd and thereby affect the calcium
oscillation, oocyte activation and PN formatioreafiCSI (Yanagida et al. 1997; Morozumi
et al. 2006). In order to improve PN formationdaing ICSI of porcine and bovine oocytes,
various pretreatments have been attempted, in@udimobilizing sperm and damaging the
sperm membrane by repeated freezing and thawiriputitryoprotectants (Kolbe & Holtz
1999; Katayama et al. 2002b; Tian et al. 2006atiment with Triton-X 100 (TX), for
removing sperm plasma and acrosomal membrane (L¥ary 2004; Tian et al. 2006),
using dithiothreitol (DTT) to reduce disulfide ban(Rhoet al. 1998; Suttner et al. 2000)
and inducen vitro decondensation of the sperm nuclei (Katayose 188Rai et al. 2006).
Besides, pretreating sperm with calcium ionophbiakéi et al. 2003) or with progesterone
(Katayama et al. 2002b) to have acrosome-reactednsfor the injection also have been
applied to improve the efficiency of ICSI in pigs cattle, efficiency of ICSI can be
improved by sperm pretreatment with DTT and by ¢e@@ctivation with ionomycin plus
6-dimethylaminopurine (6-DMAP), although the deyeteental capacity of the resulting
embryos remains limited (Rhet al. 1998). However, according to results of Nagtaal.
(2006), pretreatment of boar sperm with TX and 3hifted up the timing of sperm nuclear
decondensation but did not improve the developritetite pronuclear and blastocyst stage
invitro.

After sperm penetration, the sperm undergoes chrongecondensation, nuclear
enlarging and pronuclear formation. Remodelingparsn nuclei requires the reduction of
disulfide bonds (S-S) regulated by ooplasmic ghitete (Perreault et al. 1987; 1988,
Yoshida et al. 1993a) and replacement of protaminyekistones, a necessary change to
render the sperm nucleus transcriptionally actken@gimachi 1994) to form successfully a
male PN. Concomitantly, the maternal genome ismlgdified and prepared for integration
with the paternal genome.

Regarding to oocyte factors, previous studies sstggethat induction of oocyte
activation was one of the most important factorsrf@le PN formation in ICSI-oocytes
(Nakai et al. 2006; Lee et al. 2003). In mice (K& Yanagimachi 1995, Kuretake et al.
1996), hamsters (Hoshi et al. 1992), human (Tes&arfkousa 1995) and rabbits (Keefer
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1989), ICSI alone is sufficient to activate oocyfimsembryonic development. However, in
pigs, artificial oocyte activation is consideredegtial for successful ICSI (Lee et al. 2003;
Nakai et al. 2006). Numerous procedures have beselaped to artificially activate
oocytes, mimicking the pattern of calcium oscibati after sperm penetration in
physiological fertilization process directly or ingttly. These procedures consist of
mechanical (Machaty et al. 1996), chemical’{Ganophore, Kline & Kline 1992; Nakai et
al. 2003; Ito et al. 2004, ionomycin, Cibelli et &P98, ethanol, Presicce & Yang 1994,
strontium chloride, Wakayama et al. 1998) and al=adt stimuli, in which activation by
electric pulse after sperm injection has been clemed as an indispensible step in IVP
system in some laboratories (pig, Nakai et al. 2@086; 2007, 2010; Lee et al. 2003; rabbit,
Zhou et al. 2013; cattle, Hwang et al. 2000). Hosvethere are still inconsistent data about
effect of electric stimulation on efficacy of ooeyactivation, fertilization and subsequent
development. Kim et al. (1999) showed that eleatrstimulation following sperm injection
did not enhance the incidence of male PN formatigoronuclear apposition compared with
sperm injection alone. In contrast, the improvetilization rate (Lai et al. 2001; Lee et al.
2003) and blastocyst formation rate (Lai et al.2QGe et al. 2003; Nakai et al. 2006) were
reportedn vitro matured porcine oocytes subject to electric stimalfter intracytoplasmic
injection of frozen-thawed sperm.

Porcine oocytes are characterized by a dark, gagedilooplasm due to its high lipid
content and thus, considered more difficult to mpalate than other species such as human,
mice. Oocyte/embryo centrifugation facilitates thservation of sperm release from pipette
into ooplasm in ICSI method (in bovine, Rho etX98; in pig, Lai et al. 2001) or the
visibility of nuclear elements such as GVs, metaghapindle or PNs or other internal
organelles in other micromanipulation techniqugsigs (Wall et al. 1985; Yong et al. 2005)
and in bovine (Wall et al. 1988; Tatham et al. )9%6vas reported that the centrifugation of
bovine, porcine and murine zygotes does not affecsubsequent development (Wall et al.
1985; Chung et al. 2001). It has been recognizethaee potential applications in
microinjection of DNA into zygotes in rabbits, speenice and pigs (Hammer et al. 1985;
Brinster et al. 1986).

1.5. Activation mechanisms of expression of DNA regir genes in oocytes

DNA integrity of a cell is threatened from thredes (Hoeijmakers 2009). Firstly,
spontaneous reactions (mostly hydrolysis) intringicthe chemical nature of DNA in

anaqueous solution create abasic sites and caaserggion (Lindahl et al. 1993). Secondly,
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metabolism generates reactive oxygen and nitrogegies, lipid peroxidation products,
endogenous alkylating agents, estrogen and chodéstetabolites, and reactive carbonyl
species (De Bont & van Larebeke, 2004), all of Wwhitamage DNA. Thirdly, DNA is
damaged by exogenous physical and chemical agautshis damage to some extent is
avoidable. DNA damage includes single strandeddsréaSBs) and double stranded breaks
(DSBSs).

DSBs arise from endogenous processes includingiveaxygen species generated
during cellular metabolism, collapsed replicatiorké, and nucleases; and from exogenous
agents including ionizing radiation and chemicakst tirectly or indirectly damage DNA,
and can be repaired by non-homologous end-joiniNHEJ) and homologous
recombination (HR), and defects in these pathways& genome instability and promote
tumorigenesis (Shrivastav et al. 2008). NHEJ andréfiir various types of double strand
breaks. NHEJ simply brings two ends together, tageb may be lost or added. This
inaccurate process takes place mostly before egpit, in the absence of an identical copy
of DNA. After replication, HR, acting through a == of complex DNA transactions, uses
the identical sister chromatid to properly aliga troken ends and unerringly insert missing
information (Shrivastav et al. 2008).

DNA repair activities are extremely important besaunrepaired DNA damage has
the risks to be mutagenic, cytotoxic and carcinagenlead to apoptosis, necrosis or other
forms of cell death. The components of the DNA neggstem act in three levels: (1)
arresting the cell cycle to allow time for DNA répd?2) triggering the signal transduction
events to activate the repair components; and i(8kttly reversing, excising or tolerating
DNA damage via constitutive and induced activi{Begley & Samson 2004).

Oocyte quality is strongly associated with advanegutoductive age. Some studies
have indicated differential gene expressions batweeinger and older oocytes in human
(Steuerwald et al. 2007; Grondahl et al. 2010)modse (Hamatani et al. 2004b; Pan et al.
2008). Age affects the expression of genes resblanir cell cycle regulation, cytoskeletal
structure, energy pathways, transcription conwoll stress responses (Steuerwald et al.
2007) in human oocytes. Compromised DNA repair dlas associated with accelerated
oocyte aging. The G1 phase of the first cell cydé® represents the first opportunity for the
repair of DNA lesions. The early steps in preimpdéion development including maturation,
fertilization, and onset of first cleavage, activatof the embryonic genome, compaction,
and blastocyst formation can be affected by th&uoeilmedia and conditions. Microarray

technologies were efficiently applied to humans tmdice to identify the differences in
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developmental ability betwean vitro versusin vivo matured oocytes (Jones et al. 2008;
Pan et al. 2005).

DNA repair gene expression was investigated in luowcytes and blastocysts to
identify the pathways involved at these stagestamndetect potential differences in DNA
repair mechanisms of pre- and postembryonic genactigation (EGA) (Jaroudi et al.
2009). Large numbers of repair genes were det@utischting that all DNA repair pathways
are potentially functional in human oocytes andstaeaysts. Expression levels of DNA
repair genes at the pre- and post-EGA transcrigtitevel suggest differences in DNA
repair mechanisms at these developmental stagesudiaet al. 2009). However, the
elucidation of complex mechanisms of DNA repairtegsremains a challenge (Begley &
Samson 2004).

Problem description

A progressive loss of biodiversity is occurringaatunprecedented pace (Loi et al. 2013).
Not only wildlife, even domestic animals are diseang and being replaced by a smaller
number of more productive animals. For this reasba, establishment, regulation, and
management of biological resources from naturaithtsbforex situ conservation purposes
are emergent demands (Loi et al. 2013). Dry storageld greatly simplify the
establishment and management of biobanks; minitheenvironmental costs arising from
the production and use of LN and other activities fmaintenance of facilities of
cryopreservation system, especially in developirmuntries. Stored genomes may
regenerate future generations of the endangerextioct animals, or may be used to expand
animal populations through somatic cell nucleamdfar (SCNT).

It was demonstrated that sperm containing damadé&al &e able to penetrate the oocyte
and fertilize it but the DNA fragmentation in spedistinctly negatively influences the results
of assisted reproduction (Henkel et al. 2004). Giryi, there was a negative correlation
between the percentage of sperm with fragmented BhRfertilization rates in IVF (Sun et
al. 1997) and ICSI (Lopes et al. 1998; Sakkas. dt9816). DNA damage leads to the failure of
fertilization if sperm containing fragmented DNAeaselected for injection (Lopes et al.
1998). For freeze-dried sperm, fragmentation of Dié&reased the developmental ability
of the sperm-injected oocytes (Nakai et al. 200&fects in the structure of chromatin can
severely reduce fertility and early embryo develepmincrease spontaneous abortions as
well as birth defects (Evenson et al. 1980; Cordglal. 2005). The maintenance of DNA

integrity during FD procedures and storage, traiexiremely important.
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Although embryo development up to the blastocyagestis possible by vitro culture,
the ultimate test of embryonic viability is to dsitah pregnancies and live births following
transfer into recipients. To date, the ability afr@ne oocytes fertilized by ICSI with
freeze-dried sperm to be implanted, sustain a mmegnand develop into offsprings has not
been demonstrated in the literature although tfgpohgs of laboratory animals such as
mouse, rabbit and rat have been generated sucihesgfite long time ago (mouse,
Wakayama & Yanagimachi 1998; rabbit, Liu et al. Z0@t, Hirabayashi et al. 2005).

Major objectives of the study

Sperm DNA is the most important molecule to ensooemal fertilization and
subsequent development. FD preservation withoutid.dne of the great benefits for
gene-bank establishment. Minimizing sperm DNA damaturing FD procedure is
extremely important for any purposes of sperm usage

This thesis focused on how to improve the DNA intggf freeze-dried boar sperm in
Chapter I1I; then, hypothesis testing about thetimlahip between DNA damage in
freeze-dried sperm and the expression of DNA regames in oocytes injected with those
sperm was conducted in experiments of Chaptef . effect of some treatments for sperm
and oocyte to improve the efficacyiafvitro porcine embryonic production following ICSI
using freeze-dried sperm were investigated in GlrapV and V. And finally, we have tried
to produce live piglets from freeze-dried spernembryo transfer into recipients in Chapter
VI. The general aims of this research were to edpaasic knowledge of FD associated

sperm DNA damage in pigs and to improve the efficad=D preservation.
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Table 1L Achievements in freeze-drying preservation of maiian sperm

Species Highest achievements References Publigad y
Wakayama &
. ' ' . 1998
Live offspring Yanagimachi
2001
Mouse Kusakube et al.
2003
Kaneko et al.
2003
Ward et al.
Rabbit Live offspring Liu et al. 2004
Live offspring Hirabayashi et al. 2005
Kaneko et al. 2007
Rat ,
Hochi et al. 2008
(heat-dried sperm) Lee et al. 2013
Hamster Live offspring Muneto et al. 2011
Horse Live offspring Choi et al. 2011
Keskintepe et al. 2002
Cattle Blastocyst Martins et al. 2007
Hara et al. 2011
o Blastocyst and Kwon et al. 2004
ig .
pregnancy Nakai et al. 2007
Monkey Pronuclear zygote Sanchez-Partida et al. 8200
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Chapter Il
Effect of trehalose on DNA integrity of freeze-driel boar sperm,
fertilization, and embryo development after intracytoplasmic sperm

injection

Introduction

Cryopreserved boar sperm have been commercialljgbi@since 1975 (Johnson &
Larsson, 1985). The ultimate goal of semen preservas to achieve, using artificial
insemination, a pregnancy rate equivalent to thier anatural mating. Although
cryopreservation of sperm has approached to achineveoal, certain disadvantages with
this approach still exist, for example, the needaf@onstant replacement supply of liquid
nitrogen (LN) for storage, the expense of long-testorage using LN, difficulties with
international transportation, and the effects adxpected disasters. Therefore, cheaper and
safer solutions for long-term storage of sperm hdeen sought (Wakayama &
Yanagimachi 1998), among which preservation by Fihout LN has been a focus of
attention. It is believed that sometime in the fatit will be possible to store freeze-dried
sperm indefinitely at ambient temperature and tp glall over the world without the need
for dry ice or LN (Kusakabe et al. 2008). If the BMtegrity of the sperm nucleus could be
maintained, embryos could be generated by ICShigale using severely damaged sperm
that are no longer capable of normal physiologacailvity (Kusakabe et al. 2001).

Interestingly, damage to the sperm plasma membappears to facilitate oocyte
activation rather than the case for membrane-isiaetm (Morozumi et al. 2006), especially
in species such as cattle and pigs, their sperm $iable membranes. However, Nakai et al.
(2006) have reported in pigs that development ¢opitonuclear and blastocyst stages after
ICSIin vitro was not improved even by pretreatment of sperm t#thTriton X-100 and
5mM dithiothreitol to remove the plasma membrang gromote decondensation of sperm
chromatin. More importantly, even if the chromatinganization in somatic cells is
extremely vulnerable to combined osmotic/dehydraesitvess during the FD process (Loi et
al. 2008), sperm cells in which the chromatin isr@xely condensed due to cross-linked
disulfide bonds of protamines may be much morestast to potentially damaging agents.
Because of this prevailing property, efforts togame sperm by FD may hold promise for
conservation of animal genetic resources. A contlmnaof FD and ICSI might facilitate
such an approach, especially for precious and gyetad breeds.
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Although ICSI in human oocytes results in high saté successful fertilization,
yielding a pregnancy rate equivalent to that ofvamional IVF (Van Steirteghem et al.
1993), the outcome of ICSI in domestic speciesilid@av. Successful production of viable
piglets after ICSI usingn vivo matured (Kolbe & Holtz 2000; Martin 2000) andvitro
matured oocytes (Nakai et al. 2003) has been regpoHowever, when freeze-dried boar
sperm is used, the outcome of ICSI is still pooteamms of fertilization and blastocyst
formation (Kwon et al. 2004). Generation of offsgriusing freeze-dried sperm has been
achieved in experimental animals (mouse, Wakayanfagagimachi 1998; rabbit, Liu et al.
2004; rat, Hirabayashi et al. 2005) but not in éatpmestic animals. So far, no healthy
piglets, only 39 days fetuses of gestation, havenh@oduced after transfer to recipients
(Nakai et al. 2007). The reasons(s) for this poevetbpmental competence is unclear;
however, during the FD procedure, DNA in the sphead might become further damaged
by both freezing and drying stresses in comparigdim cryopreserved sperm after
conventional freezing. Therefore, it is importamidentify the strategies that would reduce
damage to sperm DNA.

There have been several attempts to reduce DNA glamaring FD procedures.
Sperm endonucleases are released from plasma mesvteienaged sperm during FD or
freezing without a cryoprotectant and these caadtigated by divalent cations such a$'Ca
and Md" (Sotolongo et al. 2005). Studies using mice (Kasalket al. 2001) and pigs (Nakai
et al. 2007) have reported that when ethylene dlyiso(2-aminoethylether) -N,N,N’,N’-
tetraacetic acid (EGTA), as a typical chelatingragés added to FD medium, €ais
chelated, thus protecting sperm DNA from degradatidrehalose is a non-reducing
disaccharide exhibiting a high glass transitiongemture and stability during processing
and storage and is capable of stabilizing and ptiogg membranes and proteins under
extreme environmental conditions, allowing anhydvtb organisms to survive cycles of
dehydration-rehydration (reviewed by Jain & Roy 00The natural process by which
trehalose helps anhydrobiotic organisms to surdghydration (Crowe et al. 1992) has
attracted a lot of interest with regard to its i role in protecting biomolecules,
including sperm DNA. Application of this reagentttee FD procedure is also expected; so
far, however, there have been no detailed repbdstahe effects of EGTA combined with
trehalose in FD medium on sperm DNA integrity, \dAd subsequent development of
ICSI-oocytes in pigs.

The objective of this Chapter was to clarify whettrehalose would improve the

DNA integrity of freeze-dried boar sperm in comltioa with EGTA and also to assess its
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effect on IVP following ICSI using the freeze-drigderm. The integrity of DNA in a male
PN in zygotes was also examined by immunostainfigstone H2A. X phosphorylated at
serine 139yH2A.X), which is a marker of DNA double-strand bkedDSBs) responsible

for serious damages affecting fertilization andssgfuent development (Enciso et al. 2009).

Materials and Methods
Chemicals and media

All chemicals were purchased from Sigma-Aldrich. (&buis, USA), unless
otherwise stated. The FD medium contained 10 mM-HC| buffer supplemented with 50
mM EGTA (346-01312; Dojindo Laboratories, Kumamalapan) and is referred to as basic
FD medium hereafter. This medium was then supplésdenith different concentrations of
trehalose (T0167; 0 as the control, 3.75, 7.530560 and 90 mM) and also NaCl (50, 47.5,
45, 40, 33.3, 16.7, and 0 mM, respectively). Thegnd osmolality of the final solutions
were adjusted to 8.0 to 8.5 and 265 to 270 mOsmégpectively, and then they were
filtered and stored at 4 °C. These media were pegpf&om stock solutions of 1.0 M
Tris-HCI, 250 mM EGTA, 1.0 M trehalose and 1.0 MQNa

The maturation medium was modified North Carolinat& University (NCSU)-37
solution containing 10% (v/v) porcine follicularufl, 0.6 mM cysteine, 50 mM
B-mercaptoethanol, 1 mM dibutyl cAMP, 10 IU/mL eCGSe(otropin; ASKA
Pharmaceutical Co. Ltd., Tokyo, Japan) and 10 IUKGIG (Puberogen 500 units, Novartis
Animal Health, Tokyo, Japan) (Kikuchi et al. 2002&jvo media were used for IVC of
sperm-injected oocytes: the first one was modiN&SU-37 supplemented with 0.17 mM
sodium pyruvate, 2.73 mM sodium lactate, 4 mg/muit® serum albumin (BSA), 50 mM
B-mercaptoethanol (IVC-PyrLac), and the second onas wnodified NCSU-37
supplemented with 5.55 mM glucose (IVC-Glu) (Kikuet al. 2002a). The osmolality of
these media was adjusted to 285 mOsm/kg.

Sperm collection and FD

Ejaculated semen was collected from a Landrace hodr transferred to the
laboratory within 1 h. After determination of theesm concentration, the semen was
centrifuged for 10 min at 900gcat 30°C and the seminal plasma was removed byedispi
of the supernatant. The pellet were resuspende8Dnmedium containing different

concentrations of trehalose prewarmed to 30°C, tardsupernatant was removed after
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centrifugation. The final pellet was resuspendediragn FD media containing different
concentrations of trehalose (0, 3.75, 7.5, 15, @O, and 90 mM) to obtain a final
concentration of 4 x fOcells/mL (control, 3.75, 7.5, 15, 30, 60, and 9M rgroups,
respectively). One milliliter of sperm suspensigoni each group was placed into an
individual glass vial (5-mL glass vial, Maruemu @oration, Tokyo, Japan). The vials were
covered with aluminum foil and placed in a refriger at —80°C for at least 4 h. The
aluminum foil was removed, and a rubber cap (Mawérporation, Tokyo, Japan) was
placed on the vial, enabling passage of the abutliin small gaps between the cap and vial
containing the specimens, and then they were placesh FD system (FTS systems
DuraDry uP, SP Scientific, Warminster, PA, USA). The FD peog was as follows:
specimens were dried primarily for 19 h at 0.13 BRd secondarily for 3 h at 0.13 hPa.
During the process of primary drying, the shelf pemature was controlled at —30°C and
then increased to 30°C during the last 1 h 20 @iR5°C/min). After flushing with inactive
N, gas, the vials were sealed with rubber caps aritidiufastened with aluminum caps
(Maruemu Corporation, Tokyo, Japan) using a crirgpaol. The freeze-dried samples were
transferred to a refrigerator at 4°C and storedeurdhrk conditions until the time of

experiments.

Rehydration of freeze-dried spermatozoa

For rehydration, the same volume (1 mL) of deiotdzeadistilled water was added
to vials immediately after opening the rubber ahdnenum caps using a decapper. The
sperm suspension was centrifuged for 2 min at 6§Gard the supernatant was removed.
The sperm pellet was resuspended and diluted in(PB® a final concentration of 3 x 40
cells/mL. DNA damage was detected in all groupagiaiHalomax kit (Sperm-Halomax for
analysis irSus scrofa sperm, Halotech DNA SL, Tres Cantos, Madrid, Spaiadified from

the sperm chromatin dispersion test (Fernandelz 20@5).
Halomax kit for detecting sperm DNA fragmentation

Firstly, the lysis solution was allowed to reaclomotemperature (22°C). Then, a
plastic tube containing agarose (supplied in a\Ww#a}p placed in a water bath at 90°C to
100°C for 5 min or until the agarose had fully radltand then equilibrated in a water bath at
37°C for 5 min. Meanwhile, 2pL of each diluted sperm sample was added to anyeiuipe,
and 50uL of liquefied agarose was then added followed lepntlg mixing, and the
temperature of the tubes was maintained at 37°€n,TAuL of the mix was placed in drop
form onto marked wells and each drop was coveréuavi 18 x 18 mm glass coverslip. The
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slides were held in a horizontal position throughthe entire process. The slides were
placed on a cold surface precooled at 4°C in agegfator for 5 min to solidify the agarose
and to produce a thin microgel. The coverslips vgergly removed and the slides were fully
immersed horizontally in lysis solution for 5 mia temove the sperm membrane and
partially deproteinize the nuclei. After washing gomin in a tray containing an excess of
distilled water, the slides were dehydrated ineasing concentrations of ethanol (70% and
100% for 2 min each), air-dried, and immediatelgetved or stored at room temperature in
tightly closed dark boxes. The slides were stainsitig a mixture of Jug/mL Hoechst
33342 and DABCO antifade mounting medium (1:1) jusdfore observation by
fluorescence microscopy. Additionally, all spernagpes in each group were captured on the
same day, under the same conditions, using a C@ieree(CoolSNAP CF; Roper Scientific,
USA) connected to RS Image as the operating saftw&oper Scientific). Freshly
ejaculated sperm without FD was used as the coriffese images were converted to
measurable format using Photoshop (version 5.0 bAd&ystems Incorporated, San Jose,
CA, USA), and then ImageJ (version 1.41, Natiomskitutes of Health, Bethesda, MD,
USA) was used to measure the area of both the Dbjedsion halo and the sperm head (not
including the tail), referred to as the “DNA disp@n halo” hereafter. Only a single
spermatozoon was measured, and overlapped onesawacked. Sperm located close to a
dark background were excluded. The area of the RINfersion halo was measured in

terms of pixels.

Oocyte collection and IVM

Oocyte collection and IVM were conducted as descrifKikuchi et al. 2002a).
Briefly, ovaries were obtained from prepubertalsstored gilts (Landrace x Large White x
Duroc breeds) at a local slaughterhouse and tramspdo the laboratory at 35°C.
Cumulus-oocyte complexes (COCs) were collected ffoliicles 2-6 mm in diameter in
Medium 199 (with Hanks' salts) supplemented witBol@/v) fetal bovine serum (Gibco,
Life Technologies Corporation, Grand Island, NY,A)S20 mM Hepes (Dojindo), 100
IU/mL penicillin G potassium, and 0.1 mg/mL strapiin sulfate. About 40 to 50 COCs
were cultured in 50QL of maturation medium for 20-22 h in four-well dess (Nunclon
Multidishes; Kamstrupvej, Roskilde, Denmark). Th@Cs were subsequently cultured for
24 h in maturation medium without dibutyl cCAMP andrmones. IVM was carried out at
39°C under conditions in which GOO,, and N were adjusted to 5%, 5%, and 90%,

respectively. After IVM, the cumulus cells were @rad from the oocytes by repeated

23



pipetting in Medium-199 in air supplemented withO1&BJ/mL hyaluronidase. Denuded
oocytes with the first polar body (PB) were haredsinder a stereomicroscope and used as
IVM oocytes.

I CSl and oocyte stimulation

Freeze-dried sperm were rehydrated with 1 mL deaion water and
centrifugation for 2 min at 600 gcand then the supernatant was removed. The spéieh pe
was resuspended in PBS (-) with 5 mg/mL BSA and &epmpom temperature for no longer
than 2 h during ICSI, which was carried out as dbeed (Nakai et al. 2003; Nakai et al.
2006; Nakai et al. 2010) with minor modificatiorgriefly, the basic medium for sperm
treatment was IVC-PyrLac supplemented with 20 mMpése and 4% (w/v)
polyvinylpyrrolidone (MW 360,000) (IVC-PyrLac-Hep&d/P). About 20 IVM oocytes
were transferred to a 20- drop of Medium 199 (with Hanks' salts). The sabut
containing the oocytes was placed on the coverméstic dish (Falcon 35-1005; Becton
Dickinson and Company, Franklin Lakes, NJ, USAkrall volume (0.quL) of the sperm
suspension was transferred to al2drop of IVC-PyrLac-Hepes-PVP, which was prepared
close to the drops containing the oocytes. All drayere covered with paraffin oil (Paraffin
Liquid; Nacalai Tesque, Inc., Kyoto, Japan). A &gperm in the suspension was aspirated
from its tail into the injection pipette, and thipgtte was moved to the drop containing the
oocyte. The sperm was injected into the ooplasmguaipiezo-actuated micromanipulator
(PMAS-CT150; Prime Tech Ltd., Tsuchiura, Japan)sinocess was repeated until all the
oocytes in the droplet had been injected. ICSI eaaspleted within 2 h after rehydration of
freeze-dried sperm, and sperm-injected oocytes watevered in IVC-PyrLac for 1 h
before electrical activation. As control groupsM\bocytes were injected with a small
amount of injection solution without sperm (shaneation group) or injected with
ejaculated sperm (fresh sperm group). One hour thigeinjection, the oocytes in all groups
were separately transferred to an activation smutonsisting of 0.28 M-mannitol, 0.05
mM CaCh, 0.1 mM MgSQ and 0.1 mg/mL BSA. Once the oocytes were sunk daniine
bottom of the drop, they were then stimulated \aithrect current pulse of 1.5 kV/cm for 20
us under the same condition using a somatic hylaidSH-10; Shimadzu, Kyoto, Japan),
then washed three times and cultured in IVC-PyrLac.
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I VC of sperm-injected oocytes

Sperm-injected oocytes after electrical stimulatimere culturedin vitro in
IVC-PyrLac for 48 h and then transferred to IVC-Gdu subsequent culture for 144 h (6
days) at 38.5°C under 5%,0

DNase | treatment

Sperm treated with DNase | to induce purposelyDMNA damage was used as a
control group according to Villani et al. (2010xkwsome modification. Briefly, freeze-dried
sperm was rehydrated and centrifuged to removersagat. Sperm pellet was resuspended
for 2 min in a permeabilizing solution consistind% sodium citrate and 0.1% Triton
X-100 and digested for 60 min at room temperatuitt WO00 IU/mL of DNase | (2000
IU/mg, Roche Diagnostics) in PBS with 5 mM MgCIo stop the activation of DNase I, 50
mM EDTA was added to the sperm suspension and atedidor 2 min. The mixture was
then centrifuged and resuspended in PBS-BSA twicerhove supernatant before injection

to the matured oocytes.

I mmunofluorescence staining

Freeze-dried sperm-injected oocytes were stainedH8A.X to assess the DSBs
level among groups. Freeze-dried sperm treateditase | was used as positive control.
The immunostaining were carried out mainly accaydim the procedures of Somfai et al.
(2011) with some modification. Briefly, pronuclesiage oocytes at 10 h after injection were
fixed in 4% paraformaldehyde in PBS for at least@), washed twice in PBS with 0.2%
Triton X-100, and incubated in permeabilizing blogk solution PBS (=) with 5 mg/mL
BSA and 0.2% Triton X-100 overnight at 4°C. Theyravéhen washed twice with the
medium and incubated with the primary antibodyj-phbspho-histone H2A.X (Ser 139)
raised in mice (1: 250 dilution, Clone JBW301, tire) at 37°C for 2 h. After the embryos
were washed twice in PBS with 0.2% Triton X-100geythwere incubated with
Alexa-Flour-488-conjugated anti-mouse secondarybady (1: 200 dilution, Molecule
Probe) at 37°C for 1 h in dark. For negative cdrigroup, some oocytes were stained with
secondary antibody without primary antibody incidratThe embryos were briefly washed
twice and stained with Hoechst 33342 and DABCO)(fof several minutes and mounted

on glass slides and observed under fluorescenbstdope.
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Fertilization assessment

Some oocytes were taken out from the culture meaitidO h after injection and
fixed in fixative solution with a 1:3 mixture of etic acid: ethanol (v/v) under
vaseline-supported coverslips for several days. doéwytes were stained with 1% (w/v)
orcein in 45% (v/v) acetic acid for several minytasd then their fertilization status was

examined using phase-contrast microscopy.
Assessment of embryonic devel opment

The injected oocytes cultured for 6 days were medirin glass slides, fixed, and
stained using the same procedures as described.ablfwe proportion of oocytes developing
to blastocysts and the mean number of cells in bEgtocyst were counted in all groups. In
this study, only embryos with a clear blastocoelexeonsidered to be blastocysts.

Statistical analysis

Data were expressed as mean £ SEM. The percerdtaevdre arcsine-transformed
(Snedecor & Cochran 1989), then subjected to ANQYsg the general linear model
procedure and analyzed by Tukey's multiple range (teersion 9.3; Statistical Analysis

System Institute, Cary, NC, USA). Differences weoesidered significant at P<0.05.
Results

DNA damage in freeze-dried boar sperm

After rehydration, stereomicroscopic observatioesenled that there were no
differences in morphological change of the spermragrall groups (Fig. 1). The sperm talil
was not separated from the sperm head after FDeguwe and rehydration. Use of the
Halomax kit yielded clear figures reflecting the Rtagmentation in each sperm head (Fig.
2). The bigger size of halos indicates the moreslacated level of DNA fragmentation
(arrow in Fig. 2b and 2e). The measurements of heda (pixels) reflecting freeze-dried
sperm fragmentation in different concentrationsetialose are summarized in Fig. 3. When
trehalose was added to FD medium at different aanagons, the results indicated that the
protective effect of trehalose against DNA damags dependent on its concentration. The
DNA damage levels in the 7.5 and 15 mM groups sageificantly lower than those in the
control (0 mM) group (P<0.05). However, the halarevincreased in size after treatment
with higher concentrations (30, 60, and 90 mM), amte not different from that in the

control group. DNA damage level of fresh sperm graas significantly lower than those of
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the freeze-dried sperm groups (P<0.05). Within tilekalose concentrations tested, the
sperm DNA fragmentation level was lowest in theni¥® group; however, the level was not
different from that in the 7.5 mM group. Therefdireeze-dried sperm in these groups and
also control group were used for injection into IMcytes for examination oh vitro

subsequent developmental competence in Experiment 2
Pronuclear label of zygoteswith yH2A.X

At the pronuclear stage, the normality of zygotiblsPwas examined using
immunostaining with marker of DSB$H2A.X. Embryos containing DSBs at different
levels showed the varioybsi2A. X expressions (Fig. 4 and 4’). The signal of#3Sn a male
PN was very strongly expressed in positive corgroup in which DNase I-treated sperm
were injected to the oocytes; however, the sigrahffemale PN was not detected (Fig.
4'c’). There was no difference in the expressiarelefyH2A.X in a male PN at 10 h after
injection between 0 and 15 mM trehalose groups. #&j and 4b’). Moreover, when two
PNs have not entered fusion stage yet, as showigure 4a’ (0 mM trehalose) and 4b’ (15
mM trehalose), a female PN was localized close RBaand we found that the signals
seemed to be similar in both male and female Phith BNs show an equal distribution and

intense immunostaining against2A.X).
Fertilization status of I VM-oocytes following I CSI

The oocytes with two PBs and two PNs (defined akmad female PN) after
injection and IVC for 10 h were considered to haadergone normal fertilization (Fig. 5a,
5b, and 5c¢). As given in Table 2, the fertilizatiate of fresh sperm-injected group did not
differ from those of freeze-dried sperm-injectedugss, except for 0 mM group. Moreover,
there were no significant differences in term afifieation rate among 0, 7.5, and 15 mM
groups. A smaller percentage of oocytes with twe BBd two PNs was also observed in the
sham-injection group. The rate was significantlyéo than those in the groups injected with
freeze-dried sperm (8.1% vs. 45.9% for 0 mM gr&a$H9% for 15 mM group, and 60.8%
for 7.5 mM group, P<0.05). On the other hand, tee@ntage of oocytes with two PBs and
one PN, in other words, oocytes that had beenaetivwithout sperm participation in the

sham-injection group, was higher than in the ogreups (P<0.05).
Ability of I CSI oocytesto develop to the blastocyst stage

Blastocyst formation rates after 6 days of ICSl evapt different in all groups

injected with freeze-dried sperm and sham-injectgnoup. However, the rate was
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significantly lower in freeze-dried sperm-injectgdoup compared with those in fresh
sperm-injected group (P<0.05) (Table 3). On theokand, blastocyst quality measured by
cell number in blastocyst were not different amahg@roups ( Fig. 5a’, 5b’, and 5c¢’).

Discussion

In this study, we found that trehalose exertedrecentration-dependent protective
effect against DNA fragmentation during FD procesurUnexpectedly, within the dose
range of trehalose investigated, optimal sperm Oi¥&tection was achieved at 7.5 and 15
mM, whereas lower or higher concentrations weregfigictive. It has been reported that
sperm containing damaged DNA still have the abitityertilize oocytes after ICSI (Zini et
al. 2005). However, the ICSI oocytes showed podsrgmdevelopment and high pregnancy
loss rates after embryo transfer (Sakkas et al8Y199D medium supplemented with
trehalose is able to reduce the degree of DNA danwagurring during the FD in both
somatic cells (Loi et al. 2008) and sperm (Martatsal. 2007). The effect of trehalose
supplementation in FD medium is immediately evideormn the morphological appearance
of the dried cells observed by scanning electrocrescopy (Loi et al. 2008; Martins et al.
2007). It is suggested that trehalose molecule®niytinteract with DNA but also form a
large number of hydrogen bonds among themselvesjirig a glassy/viscose medium,
thereby reducing structural fluctuations of DNA gméventing its denaturation (Loi et al.
2008). Previous findings have also suggested tieattructure of DNA is well-protected in a
dry state by trehalose supplementation. Trehal®sdso thought to increase cytoplasmic
viscosity, thus reducing the likelihood of intrda#dr ice crystal formation, which is often
fatal. It also may act as a free radical scavengeriree radicals are known to damage
proteins, lipids, and nucleic acids (Cui et al. @00 he exact mechanism by which trehalose
stabilizes living systems during freeze-thawingatheooling, or dehydration-rehydration
cycles remains a matter of debate, and no consérasuget emerged (Pereira et al. 2004).
However, the water-replacement hypothesis has ledely accepted as a suitable
explanation for the DNA-trehalose system. Trehaleshought to replace the water shell
around proteins/membranes and to preserve thedhmemnsional structure of biomolecules
by formation of hydrogen bonds between trehaloskthe phosphate groups of DNA (Jain
& Roy 2008). Moreover, rapid freezing also resultsrelease of intracellular enzymes
(Pursel & Johnson 1971) or lipids (Darin-Bennetf 3 and leads to redistribution of ions
(Hood et al. 1970), the latter facilitating therfa@tion of hydrogen bonds among trehalose,
DNA and water molecules, thus protecting DNA froatgmtial damage during FD.
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The results of the present study indicated thatDN& integrity of freeze-dried
sperm was improved by adding a combination of E@GRA trehalose to FD medium. There
are possibilities that EGTA reduces sperm DNA fragtation induced by the activity of
endonucleases through its chelating effect andtabdrehalose protects sperm DNA from
potential damage induced by the FD process andgeas a result of its known stabilizing
properties. It has been suggested that the calmuarchelating capacity of EGTA would
have a negative impact on the outcome of fertilmgtas calcium ions play an important
role in the fertilization process. This possibilitas obviated in our experiments because the
freeze-dried sperm was rehydrated, centrifuged, veashed to eliminate the EGTA and
trehalose before injection into oocytes. Howeverisinot easy to explain why higher
concentrations> 30 mM) of trehalose were not effective in protegtisperm DNA in
comparison with lower concentrations such as 7dJ&mM. As it is known that the pH
and osmolality of FD medium have a very importampact on FD procedures, all FD media
were adjusted to the same range of pH and osmpotalieliminate the influence of these
factors. Furthermore, the concentration at whighdlose exerts optimal protection is
dependent on species, cell type, cell state andméthod of preservation (Mittal &
Devireddy 2008). For example, in cryopreservati®adr et al. (2010) have indicated that
addition of trehalose (optimal at 100 mM) to theefzing extender leads to reduction of
cryodamage and oxidative stress, and showed imprent of viability andin vitro
embryonic development of cryopreserved buffalo spen contrast, Kozdrovski et al.
(2009) added 0, 50, and 100 mM trehalose to tleziing extender of European brown rabbit
sperm and found that motility and progressive rigtivere lowest for semen frozen with
100 mM trehalose, as assessed using a computsteassemen analysis system. Thus, it
can be suggested that the optimum concentratianebflose differs among species. In
addition, it is of interest that, unlike cryopression, FD utilizes a simple principle of
physics known as sublimation, which is the traositf a substance from the solid (ice) state
to the vapor state without passing through theidiqwater) phase. The fact that higher
concentrations of trehalose had no protective effacsperm DNA may be due to the fact
that sublimation may result in crystallization béttrehalose, thus disturbing the hydrogen
bonding (Jain & Roy 2008).

As | had expected, our results indicated that damagsperm DNA decreased
sharply when sperm was freeze-dried in the presehitehalose at suitable concentrations
(7.5 and 15 mM). More fragmentation of sperm DNAswabserved if the FD medium
contains only EGTA (Fig. 2a, 2b and 2e). HoweMee, DNA damage level of freeze-dried

29



sperm in all groups was significantly higher thange of fresh sperm. These results are
consistent with some previous reports in otheriggesuch as sheep (luso et al. 2013) and
mice (Kusakabe et al. 2001). In sheep, luso e{24113) used a transmission electron
microscopy to evaluate the ultrastructure of freflozen thawed and freeze-dried
lymphocytes and reported that plasma membrane arthuondria of freeze-dried cells
were degraded, whereas these anomalies were tabBent in fresh samples, and
occasionally observed in frozen thawed cells. Fizedures most likely lead to a significant
increase of DNA damage because of mechanical imjuring desiccation. The fertilization
after ICSI and development to the blastocyst sthg@ot differ significantly among 0, 7.5,
and 15 mM groups. This finding indicated that DN#nthge to sperm, at certain level, does
not compromise fertilization, blastocyst yield oiadjty after ICSI. Our findings also support
the results by Zini et al. (2005) who suggestet! EH¢A fragmentation has no impact on the
fertilization rate during ICSI. This can be expkihby the fact that fertilized oocytes have
the capacity to repair DNA damage in both paregealomes.

All cells, except viruses and mature sperm, possesgriety of enzymatic
mechanisms for repair of damaged DNA (Ashwood-SndittEdwards 1996). These
complex DNA repair mechanisms are important for ntaaning genomic integrity and
limiting the introduction of mutations into the gepool. In the present study, we assumed
that DNA damage in freeze-dried sperm might beiredan porcine oocytes through pre-
and postreplication repair mechanisms, as repdite&randiff & Pedersen (1981) and
Genesca et al. (1992). This repair capacity depemasly on the extent of sperm DNA
fragmentation, and the cytoplasmic and genomicityuafl the oocyte. Loi et al. (2008) also
confirmed this repair capacity because 16% of rsiranted embryos developed to the
blastocyst stage, whereas 60% of donor nuclei batbos DNA damage. SSBs are quickly
repaired by oocytes after fertilization, but DSBauld be responsible for chromosome
aberrations and loss of genetic materials, bectheseepair of DSBs in oocytes is more
difficult than that of SSBs (Enciso et al. 200MeTresult of zygote pronuclear labeling with
yH2A.X, a marker of DSBs, indicated that there wason very little signal of DSBs in a
male PN formed in the oocytes at 10 h after inggctvith freeze-dried sperm in 0 and 15
mM group. The difference in DNA damage level ofrepdetween 0 and 15 mM groups
might be neutralized by the DNA repair ability ajaytes after fertilization. Because it is
confirmed that damaged DNA repair in the oocytesice during first few hours of first cell
cycle after fertilization (Ashwood-Smith & Edward896). Therefore, most of damage (if
any) was repaired before DNA replication takes @lddowever, if serious damage is
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expressed in sperm (as in the positive controi$, ihost likely unable to be repaired by the
oocytes, as a result, subsequent development oteygvould be influenced. On the other
hand, inefficient zygotic DNA repair increases tis& of inherited chromosomal aberration
and the efficiency depends on the quality of oacyessidlo et al. (2010) reported in detail
of a very dynamic pattern gH2A.X appearance during zygotic pronuclear develepnm
mice and suggested that DNA demethylation may beiated to a large extent by DNA
repair-induced mechanisms.

In a previous study, it was reported that 23.1%axfytes developed to the blastocyst
stage after injection of freeze-dried boar speradhi@ medium containing 50 mM EGTA
(Nakai et al. 2007). Embryos obtained after ICShviieeze-dried sperm head developed to
the early fetal stage (39 days after ICSI and prgatygote transfer), but no viable offspring
had been produced yet. In the present study, dstdayst formation rate was 12.6% using
this type of FD medium (O mM group). The lower mer@age in the present study might be
attributable to the injection procedures using wtggerm, leading to introduction of a larger
volume of injection medium into the ooplasm. Thad@®80) reported that injection of
excessive amounts of micromanipulation medium atoytes appeared to have an adverse
effect on subsequent embryonic development. Thatgyaf the medium injected with a
whole spermatozoon was believed to be proportidoalhe length of the sperm tail,
suggesting that diminishing the length of the sptihby cutting it could help minimize the
volume of injected medium. A relatively high pertage of lysed oocytes (5%0%, data
not shown) following ICSI and electric pulse alefiects the hypothesis mentioned above.
The blastocyst formation rate of the oocytes igdawith fresh sperm was significantly
higher compared with freeze-dried sperm-injectexigs (Table 3). This can be explained
due to induced chromosomal damage and deterioratithe sperm-borne oocyte-activating
factor during the FD process (Liu et al. 2004) dwgpholipase C zeta (PLY an
oocyte-activating factor in sperm which was reporte be leaked or reduced in quantity
after some pretreatment procedures of sperm (Naledi 2011), might be also reduced after
FD procedures. The lyophilization process may ohice chemical changes to the sperm
plasma and nuclear membranes, rendering them nifboailtl to be dissolved than those of
fresh, intact sperm (Liu et al. 2004). There istaappossibility that the fresh sperm used for
injection were sonicated several seconds to imnaebihe sperm before injection to oocyte;
however, sonication makes sperm head isolated fadirtherefore, only sperm heads were

injected to the oocytes. And as mentioned abovently lead to the reduction of injection
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medium (containing PVP) amount into oocytes, thess harmful than whole sperm
injection.

Blastocyst quality measured in terms of the averageber of cells in blastocysts in
the freeze-dried injected groups did not diffenfrthe other groups, and was comparable to
the result obtained by Nakai et al. (2007), beiBd ®ells on average. In general, imbalance
of nuclear and cytoplasmic maturation (Kikuchi &t2008) and the use of prepubertal
oocytes, which have a poor quality with respeetdolt oocytes (Ptak et al. 2006)imvitro
systems, are still the major causes of reducediZation and subsequent development in
comparison withn vivo systems. The poor outcome of ICSI in this study aiao be partly
attributable to this. This study indicated that pleecentage of oocytes with two PNs at 10 h
after injection in the sham-injection group wasgigantly lower than those in the groups
injected with freeze-dried sperm, whereas the otast formation rates did not differ
among these groups. It is presumed that two PN yslwith the presence of both male and
female PNs are usually diploid (Lee et al. 2004erEfore, most of the blastocysts obtained
from sham injection seem to be euploid (haploidjdose of the absence of a male PN.
When a direct current pulse of 1.5 kV/cm was applor 20 us to ICSI oocytes matured
vitro for 44 h, Nakai et al. (2010) found that the ratidiploid blastocysts in the ICSI group
(ranged from 48.9% to 60.6%) were significantlyfagthan those in sham group (28.0%).
When ICSI is used, increased emphasis is placeldeoguality of the sperm chromatin and
the ability of the oocyte to initiate decondensatamd PN formation (Nakai et al. 2007).
Therefore, protection of sperm DNA integrity is ianfant for maintaining the fertility of
freeze-dried sperm. Although this study did notriffathe proportion of sperm with
fragmented DNA, the data were sufficient to allosvta conclude that addition of trehalose
to FD medium sharply reduced the degree of spermA Dikagmentation in a
concentration-dependent manner.

Although the Halomax kit is easy and convenienthtndle, its inability to
differentiate between SSBs and DSBs in the samanspell was a limitation of the present
study. The type of damage occurring in freeze-dspdrm may be correlated with the
protective role of trehalose, and thus a suitabsapthat can characterize the types of DNA
fragmentation is needed. The previous study has@ fuggested that DNA damage might
contribute to early postimplantation death (Singfeal. 2006) and full term development of
oocytes injected with these sperm. Therefore, &untbsearch is necessary to investigate the
effect of the combination of EGTA and trehalose kD medium on thein vivo

developmental competence of oocytes injected withresulting freeze-dried sperm. In
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conclusion, addition of trehalose to FD mediumuatadle concentrations improves sperm
DNA integrity after FD procedures, but does notmpote fertilization and subsequent
development to the blastocyst stage. To our knogdedhis is the first study to have
examined the combined effect of EGTA and trehalogeD solution on the DNA integrity
of freeze-dried sperm amdvitro embryonic development of porcine IVM oocytes thete

been injected with freeze-dried sperm.
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Table 2 Female and male PN formatfoof IVM porcine oocytes injected with fresh or

freeze-dried sperm

No. of oocytes % of oocytes with % of oocytes with
Group .
examined 2PB and 2PN 2PB and 1PN
Fresh sperm 92 71.9+20 34+26
Trehalose 0 mi¥1 145 459+3%6 11.7+2.3
Trehalose 7.5 mM 41 60.8 + 6.9 13.3+ 3.0
Trehalose 15 mfM 137 52.9+ 3% 13.5+3.%
Sham injection 100 81+32 452 + 6.8

Means = SEM are presented

Data were analyzed by ANOVA followed by Tukey’s tipile range tests. At least three
replications were carried out in each group.

PB: polar body; PN: pronucleus.

& PN formation was examined after 10 h of IVC.

P Freeze-dried sperm at different concentratiortsebfalose.

“®Values with different superscripts within eachuroh differ significantly (P<0.05).
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Table 3 Preimplantation development of IVpbrcine oocytes injected with fresh or

freeze-dried sperm

No. of oocytes

Group examined Blastocyst % Mean cell number
Fresh sperm 95 327+%5 412 +3.9
Trehalose 0 mif 236 126+29 39.4+4.0
Trehalose 7.5 mf/ 68 12.3+1.5 36.4+6.3
Trehalose 15 mR¥ 227 122+22 28.9+3.1
Sham injection 173 155+3.3 41.7 £3.3

Means + SEM are presented

Data were analyzed by ANOVA followed by Tukey’s mipile range tests. At least three
replications were carried out in each group. s $tudy, embryos with a clear blastocoel
were defined as blastocysts after 6 days of IVC.

% Freeze-dried sperm at different concentratiortsedfalose.

b \values with different superscripts within columiffer significantly (P<0.05).
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Fig. 1 Freeze-dried sperm after rehydration. Freezeddsperm after

rehydration in all groups exhibited no morphologitifference by naked eye.
Trehalose (a) 0 mM, (b) 7.5 mM, (c) 15 mM, and $8)mM group. Scale
bar: 5 um.
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Fig. 2 DNA fragmentation of freeze-dried sperm assessedHalomax kit. DNA
fragmentation of freeze-dried spenmthe control (a, b, and €) and 15 mM trehalose (c

and d) groups. (a and ¢) DNA chromatin was stainigd Hoechst 33342. (b and d)
after converting to measurable images by PhotoghOp (e) A very large DNA
dispersion halo is evident in 0-mM group usingftler function of Photoshop (arrow).

Scale bar: 10 pm.
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Fig. 3. DNA damage to sperm freeze-dried in the presenaésence of trehalose,
as assessed using the HalomaxBdta were analyzed by ANOVA followed by
Tukey's multiple range tests* different superscripts show a significant

difference (P<0.05). At least three replicate $r\akre performed for each group.
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Fig. 4. DSBs in embryos produced by ICSI with fre-dried sperm a
10 h after injection completion, stained for histone HX/
phosphorylated at serine 13yH2A.X). yH2A.X signal in a PN of th
oocyte injected with sperm free-dried in (OmM (a) and 15 mM (b
trehalose)yH2A.X forms “foci” at DSBs site in a male PN inducby
DNase | digestion. Chromatin is counterstained Witlechst 3334za’-
b’). M: male pronuclus; F: female pronucleus; arrow hepdtar body.

Scale bar: 2Qum.
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Fig. 4'. DSBs in embryos produced by ICSI with fre-dried sperm at 1h
after injection completion, stained for histone HZAphosphorylated ¢
serine 139 yH2A.X). yH2A.X signal ina PN of the oocyte injected w
sperm freezelied in (0 mN treated with 1000 IU/mL DNase I for tmin at
room temperaturec). Primary antibody was omitted in some embryo
prevent nonspecifibinding d). yH2A.X forms “foci” at DSBs site in a ma
PNinduced by DNase | digestion. Chromatin is coutdéémed with Hoechs
33342 (c’- d). The signal of DSBs in a male PN was very strpeglpresse:
in positive control group which DNase I-treated sperm wargcted to the
oocyte. However, the signal female PN (overlapped to male PN) is

detected. M: male pronucleus: female pronucleus; arrow he polar body.
Scale bar: 2@um.
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Fig. 5. Pronuclear stage (10 h after injection, a - ¢) lsladtocyst stage (6 days after
IVC, a’ - ¢’). Embryos obtained from the oocyte injected with Zeedried sperm
treated with 0 mM (a and &), 7.5 mM (b and b’) ddmM (c and ¢’) trehalose. In

pronuclear-stage embryos, two PBs (arrow headwod’Ns (arrow) were clearly

visible. Scale bar: 2Qm
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Chapter llI
Expression of DNA repair genes in porcine oocyteselfore and after

fertilization by intracytoplasmic sperm injection using freeze-dried sperm

Introduction

It is reported that newly fertilized oocytes in soapecies possess the ability to sense,
respond to, and repair at least some types of Diatde, particularly in the incoming
sperm DNA (Zheng et al. 2005). DNA repair is aneessl process for maintenance of
genomic integrity in the preimplanation embryosctmrect the damage existed in the
gametes. The damage may be either inherent or drosey DNA replication and is also
caused by genotoxic agents (Zheng et al. 2005).0MA damage needs to be repaired
before the first round of DNA replication of zygete®® minimize the mutation load of the
developing embryos (Zheng et al. 2005). There aneral DNA repair pathways in
mammalian cells: direct reversal of damage, nudeaxcision repair (NER), base excision
repair (BER), mismatch repair (MMR) and doublerstrareak repair (DSBR) (Jaroudi et al.
2009). Direct reversal of damage is the simplesthfof DNA repair and also the most
energy efficient method; it does not require aneiee template as the other single strand
repair mechanisms. O-6-methylguanine-DNA methykfarase (known a$MGMT) a
specific DNA repair enzyme can remove the alkybgrérom the G-position of the guanine,
thereby preventing its mutagenic and carcinogefieces (Zuo et al. 2004), belonging to
direct reversal pathway. There are a number oflatgny elements in thBIGMT promoter
region, and a number of stimuli may incredd&MT expression, such as irradiation,
glucocorticoid exposure, and cAMP (Liu et al. 2012)

Expression profile of maternal DNA repair genegelates the ability of the oocytes
to recognize and repair DNA damage at certain stggecyte/blastocyst). For instance,
Jaroudi et al. (2009) demonstrated that the mRNAI®r most repair genes was higher in
oocytes compared with blastocysts in human andighis ensure sufficient availability of
template until zygotic or embryonic genome actimat(so-called zygotic or embryonic
genome activation (ZGA or EGA, respectively) (Zhemngl. 2005), and that the DNA repair
transcripts accumulated in the human oocyte plagnaortant role in chromatin remodeling
and maintain chromatin integrity during fertilizai. Furthermore, when the DNA damage
caused during fertilization is recognized as irmegdde, embryos are excluded by cell cycle
arrests or activation of apoptotic pathways (Jairetdl. 2009). To our knowledge, there are
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a few works about the expression profiling of DNepair transcripts in only human oocytes
and early embryos due to the rare availabilityhef mmaterials and the ethical considerations
(Li et al. 2006). Usage of non-human primates, latmyy or domestic animals in this
research area is more feasibled and has a greattampe on providing novel knowledge on
this field.

It is considered that DNA repair ability of oocytesrrelates with the amount of
maternal repair mRNA in the cytoplasm which acclated during the growth phase of
oocytes and follicles, and required for completadnthe meiotic cell cycle (Zheng et al.
2005). Moreoverinvitro culture of oocytes and embryos may lead to dysetigu of many
genes (Zheng et al. 2005; Jones et al. 2008, Sathab 2013), resulting in low cellular
viability and long-term embryo viability by the iraped competence for the repair of the
DNA damage. Recent studies suggested the diffatespression of several repair genes
betweenn vivo matured and IVM oocytes in cattle (Thelie et aD2)0 in human (Jones et al.
2008) and in non-human primates (Zheng et al. 2086)vever, the expression of DNA
repair-related genes after fertilization has n@rbexamined in porcine oocytes.

In Chapter I, | have shown that sperm freeze-dimetthe basic medium containing
15 mM trehalose showed less DNA damage compardudowiitrol group without trehalose
treatment. However, normal fertilization and sulhsad embryonic development were not
different between both two groups. It is still uokn that whether higher DNA damage
level of sperm in the control group compared withriM trehalose group leads to the
upregulation of expression of DNA repair genesanytes after injection of a spermatozoon
from this group. The objective of this study wasgtimate the expression levels of DNA
repair-related genes in porcine oocytes aftediation by ICSI before early cleavage stage.
In addition, the expression profile of these gewas also detected in different stages of
oocyte maturation.

Based on previous studies (Harrouk et al. 2000; @l 2001; Zheng et al. 2005;
Jaroudi & SenGupta 2007), | focused on the exprassi six DNA repair genes related to
repair ability of different kinds of DNA damagdGMT (for direct reversal)JDG (for NER),
XPC (for BER),MSH2 (for MMR), XRCC6 (for DSBR by homologous recombination) and
RAD51 (for DSBR by non-homologous end-joining) (Tableml 5).

Many reports showed that DNA repair in oocytes os@u the first few hours after
fertilization (in rats, Harrouk et al. 2000; in raicDerijck et al. 2006), or prior to S-phase
(pronuclear stage) (in humans, Aitken & Koppers0Therefore, in this Chapter, mMRNAs

were extracted from oocytes at 4 h after spernciige (Experiment 1) and at four time
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points of oocyte maturation (Experiment 2) and warbjected to quantitative RT-PCR to

examine the expression of these genes.
Materials and methods
Chemicals and media

All chemicals were obtained from Sigma-Aldrich, esd otherwise stated. The FD
medium contained 10 mM Tris-HCI buffer supplememtetth 50 mM EGTA and is referred
to as basic FD medium. This medium was then supgiéed with different concentrations
of trehalose (0 (referred as the control) and 15)nad also NaCl (50 and 40 mM,
respectively). The osmolality and pH of the finaluions were adjusted to 265 to 270
mOsm/kg and 8.0 to 8.5, respectively, and then these filtered and stored at@. The
IVM medium oocytes was NCSU-37 solution containl®@§o (v/v) porcine follicular fluid,
0.6 mM cysteine, 50 mM-mercaptoethanol, 1 mM dibutyl cAMP, 10 IU/mL eCahd 10
IU/mL hCG (Kikuchi et al. 2002a). IVC medium foregn-injected oocytes was modified
NCSU-37 supplemented with 0.17 mM sodium pyruvaté3 mM sodium lactate, 4 mg/mL
BSA and 50 mM3-mercaptoethanol (IVC-PyrLac) (Kikuchi et al. 20D2a

Sperm collection and FD

Protocols for the use of animals were approvedhbydnimal Care Committee of the
National Institute of Agrobiological Sciences, Tabk, Japan. Sperm collection and FD
were conducted as described previously (Men l3). In brief, ejaculated semen was
collected from a Landrace boar, which is usedépraductive program at National institute
of Livestock and Grassland Science, Tsukuba Japahtransferred to the laboratory within
30 min. After determination of the sperm concemtrgtthe semen was centrifuged for 10
min at 900 »g at 30C and the seminal plasma was removed. The pelletevauspended in
FD medium containing trehalose prewarmed 8€3@nd the supernatant was removed after
centrifugation. The final pellet was then re-susjszhin FD media containing O or 15 mM
trehalose at a final concentration of 4%&6lls/ mL. One milliliter of sperm suspension was
placed into an individual glass vial, then the sialere covered with aluminum foil and
placed in a refrigerator at —&Dfor at least 4 h. The aluminum foil was replabga rubber
cap with small gaps between the cap and the \ndlilaen they were placed in a FD system.
The FD program was as follows: specimens were ¢wedarily for 19 h at 0.13 hPa and
secondarily for 3 h at 0.13 hPa. During the procégsimary drying, the shelf temperature
was controlled at —3C and then increased to°80during the last 1 h 20 min (0&min).
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After filling with N, gas, the vials were sealed with rubber caps arideiufastened with
aluminum caps. The freeze-dried samples were &aesfto a refrigerator and stored 4 4

under dark condition until usage.
Oocyte collection and in vitro maturation (IVM)

Oocyte collection and IVM were conducted as desdrifKikuchi et al. 2002a). In
brief, ovaries were obtained from prepubertal dvoss gilts (Landrace-Large White-Duroc
breeds) at a local slaughterhouse and transpartia taboratory at 3&8. Cumulus-oocyte
complexes (COCs) were collected from follicles&mm in diameter in Medium 199 (with
Hanks’ salts) supplemented with 10% (v/v) fetal ipevserum, 100 IU/mL penicillin G
potassium and 0.1 mg/mL streptomycin sulfate. Afuto 50 COCs were cultured in 500
pL of maturation medium for 20 - 22 h in four-wdlshes. The COCs were subsequently
cultured for 24 h in maturation medium without dfgucAMP and hormones. IVM was
carried out at 3% under conditions in which GQO,, and N were adjusted to 5%, 5%, and
90%, respectively. After IVM, the cumulus cells weemoved from the oocytes by repeated
pipetting in Medium 199 supplemented with 150 IUL hyaluronidase. Denuded oocytes
with the first PB were harvested under a stereamsmpe and used as IVM oocytes.

I CSl and oocyte stimulation

Freeze-dried sperm were re-hydrated with deiorupatiistilled water. The sperm
suspension was centrifuged for 2 min at 60 and the sperm were washed with PBS (
containing 5 mg/mL BSA, then re-suspended in timeeshuffer. The sperm suspension was
sonicated for about 5 to 10 sec to isolate a speranl and kept at room temperature prior to
ICSI, which was carried out as previously descrilfdidkai et al. 2006) with some
modifications (Men et al. 2013). In brief, spermrevé&kept in IVC-PyrLac- Hepes-PVP.
About 30 IVM oocytes were transferred to aj0-drop of Medium 199. A small volume
(0.5 pL) of the sonicated sperm suspension was transfetce a 2pL drop of
IVC-PyrLac-Hepes-PVP. All drops were covered wisligffin oil. A single sperm head was
aspirated into the injection pipette, and injectet the ooplasm using a piezo-actuated
micromanipulator. ICSI was completed within 2 reafte-hydration of freeze-dried sperm,
and sperm-injected oocytes were recovered in IV@-#&y for 1 h before electrical
activation. The end of injection was considered ds postinjection. As a control group,
mature oocytes were injected with ejaculated spéinesh sperm group). One hour

postinjection, the oocytes were transferred to @ivation solution consisting of 0.28 M
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d-mannitol, 0.05 mM Cagl 0.1 mM MgSQ, and 0.1 mg/mL BSA. Once the oocytes were
sunk down the bottom of the drop, they were thenwated with a direct current pulse of
1.5 kV/cm for 20 ps under the same condition farthegroup using a somatic hybridizer,

then washed three times and cultured in IVC Pyiba8 h before RNA extraction.
RNA extraction, purification, cDNA systhesis and quantitative RT- PCR (gRT-PCR)

Total RNAs of the pooled oocytes or putative zygatere purified using an RNeasy
Micro Kit (QIAGEN, Hilden, Germany) according to ma#facturer’s instructions. Reverse
Transcription was performed to synthesize cDNA gsnPrimescript 1l 1st strand cDNA
Synthesis Kit (Takara Bio Inc., Shiga, Japan) adiogr to manufacturer’s instructions.
gRT-PCR was performed using a LightCycler® 480 SYBRen | (Roche, Indianapolis,
IN, USA) according to standard protocols. For egehe, the quantities of transcript were

normalized to the reference transcript and tubuadinvas used to standardize the data.
Decondensation status of sperm head

For assessment of fertilization status, putativgorss were fixed at 4 h postinjection
(3 h after electric activation) in fixative solutiavith a 1:3 mixture of acetic acid: ethanol
(v/v) under vaseline-supported coverslips for seMgays. They were stained with 1% (w/v)
orcein in 45% (v/v) acetic acid for several minytasd then their fertilization status was

examined using a phase-contrast microscopy
Statistical analysis

Data were expressed as mean £ SEM. The percertayevdre arcsine-transformed
(Snedecor & Cochran 1989) then subjected to oneAN®VA using R packages 3.0.1 (R
Core Team 2013). As the difference is found in geoby ANOVA, further analysis is
conducted by Tukey’'s posthoc test using the R ppekaDifferences alP<0.05 were
considered to be significant.

Results
Expression levels of DNA repair genesin 1VM- oocytes injected with sperm

Damaged DNA in sperm should be repaired by oody@ésre pronuclear formation.
According to Nakai et al. (2006), the rate of praear formation sharply increased at 4 h
after electric stimulation, therefore, we analyt#eel expression of DNA repair genes at the
time point of 3 h after stimulation. There were differences in expression level of 6
investigated genes in oocytes at 4 h postinjectamn 6).
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Decondensation status of sperm head at 4 h postinjection (3 h after electric activation)

DNA damage is believed to be detected during demasation of the sperm head
and induces activation of essential DNA repair patys. Therefore, the decondensation
status of freeze-dried sperm head and the promuiceaation rate were also examined at 4
h postinjection (Fig. 7A and 7B). As shown in Tal@lerelatively high percentages of
decondensed sperm head were observed in all thoepg(62 to 71%) and there were no
differences among the groups. Similarly, the rdteygotes with two PBs and two PNs was
also not different and ranged from 8 to 20% amoraups. Newly formed PNs at 4 h
postinjection were smaller, separately locatedthedemale or male pronucleus was easily
distinguishable (Fig. 7C).

Results of nuclear status of oocytes at different maturational stages

The data obtained from fixation and staining ofydes (Table 7) showed that all
COCs were at the GV stage just after collection @nithe GVL (later of germinal vesicle)
stage 20 h after IVM. And then 5.3% of oocytes tiedfirst PN at 33 h of IVM and 61.8%
of oocytes show the first PB at 44 h of IVM undght microscopic observation. At 33 h of
IVM, oocytes had the first PB were removed and rér@aining oocytes were fixed and
stained. The data reveal that 95.7% of these rengpimocytes were at the metaphase-|
(M-1) stage and 4.3% were at the GVL stage (Tabple 7

Expression levels of DNA repair genesin oocytes at different maturational stages

The expression level of DNA repair genes in oocgtadifferent maturational stages
were summarized in Fig. 8. Of the six genes ingastid, expression levels BDG and
XPC were significantly up-regulated in M-Il oocytesngpared with earlier stages but did
not differ between GV and GVL stage. There was rgrelased tendency in relative
expression oMSH2 andRADS51 over time during IVM process although no differesien
MGMT andXRCCS6.

Discussion

It is generally accepted that there are mechanisngs cell to maintain genome
integrity including DNA damage detection, repaiellcycle arrest and apoptosis. Such
mechanisms coordinate together to protect the fedus potential DNA damage originating
either in parental gametes or in the embryo’s sasatls (reviewed by Jaroudi & SenGupta
2007). Moreover, the cell cycle of embryonic célsnuch shorter than that of adult cells.

The integrity of its genome is thus easy to beueficed. In other word, DNA repair at the
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early stages is of great significance for the ld&relopment. During the early embryonic
development, three main transitions occur in préamgation development, and each
transition is reflected by changes in gene expoesgatterns (Zheng et al. 2005). The first
transition is the maternal to zygotic transitionheTsecond transition occurs during
compaction at the 8-cell stage (Fleming et al. 2@ the last one occurs during blastocyst
formation at the 32- to 64-cell stage (Zheng eR@05). In the first transition, mMRNAs and
proteins that are maternal factors and storeddmcytoplasm of the oocyte during oogenesis,
and necessary for oocyte maturation, homeostasistramsision to the first stages of
embryogenesis but become unnecessary or poteatekdous as the embryo develops are
destroyed and replaced by novel transcripts whiehspecific to the zygotes or embryos
(ZGA or EGA, respectively) (Zheng et al. 2005).idt well-documented that genome
activation is an essential event in order to sysitgenew protein preparing for the first cell
division and subsequent events as well. The phenomefin vitro cultured mouse 1-cell
embryos which were arrested at the 2-cell stageel[2slock) was found to be related to the
delay of ZGA (Qiu et al. 2003). The initiation oG& varies between species. In mice, event
of genome activation begins during the 1-cell stagg becomes evident by the 2-cell stage
with a transcriptional and translational burst (@th 2002). In porcine embryos, EGA
occurs during the 4-cell stage, promoting a dramaprogramming of gene expression
accompanied by the generation of novel transctipas are not expressed in the oocytes
(Jarrell et al. 1991; Hyttel et al. 2000). A recstutdy uncovered a series of successive waves
of embryonic transcriptional initiation that occas early as the 2-cell stage in human
preimplantation embryos (Vassena et al. 2011)pmtrast to the previously accepted time
point of embryonic genome activation at the 4- 10e8 stage (Braude et al. 1988). EGA
occurs in bovine embryos by the 8- to 16- cell stgdemili & First 2000). In the present
study, we attempted to investigate the expressatteqm of DNA repair genes in porcine
zygotes before genome activation. Previously, wewsld that sperm freeze-dried in the
presence of trehalose showed less DNA fragment#temthat in the absence of trehalose.
However, the rates of oocytes with two PBs andRMs (referred as normal fertilization),
and blastocyst formation were not different betwé#esn two groups (Men et al. 2013).
Therefore, we speculated that DNA damage in frelemsl sperm might be repaired through
pre- and postreplication repair mechanisms in ascyGenesca et al. 1992). This repair
capacity depends mainly on the extent of sperm Didgmentation and the cytoplasmic
quality of the oocyte. SSBs could be quickly repdiby oocytes after fertilization, but DSBs
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could be responsible for chromosome aberrationsl@s®l of genetic materials, thus the
repair of DSBs in oocytes is more difficult thamatlof SSBs (Enciso et al. 2009).

The objective of this study initially was to comeahe induction of DNA repair
genes in newly fertilized oocytes by ICSI of spdreeze-dried in the presence or absence of
trehalose because of observed different DNA intggif these two groups after FD. Six
candidate genes participating in the repair ofowggitypes of DNA damage were selected
and their expressions were analyzed at a givenditee fertilization. Three geneSIGMT,
UDG and XPC) are candidate genes for repair of SSBs; one f@menismatch repair
(MSH2) and two remaining geneXRCC6 andRAD51) are for repair of DSBs. As a result,
there were no differences in relative gene expoedsivel of six genes in the sperm injected
oocytes at 4 h postinjection and mature oocytess eans the expression level of these
genes might have already been abundant in the emeyatured at the M-Il stage. Also
probably, at 4 h postinjection, these genes havdeen induced significantly or the DNA
fragmentation of fresh sperm and two types of feegded sperm was not sufficient to
induce the differential expression. Harrouk et(2D00) indicated that fertilization with
sperm exposed to a DNA damaging agent alters thession of DNA repair genes as early
as the 1-cell stage in the rat preimplantation gambHowever, the expression of DNA
repair genes in the 1-cell embryos is limited sihazell embryos are completely dependent
on maternal proteins for DNA repair. The zygotesynh@ able to regulate its repair
efficiency only after the first cell division (Hauk et al. 2000).

In the genes investigated in this stubll\GMT works as DNA methyltransferase with
the function of direct reversal alkylation at t@& position of guanine, and it has an
important role to avoid the lethal cross-linkinguking in enhanced resistance to alkylating
agents (Pegg et al. 1995). The expression lewdlGVIT gene was not different in all groups.
UDG gene was expressed abundantly in oocytes andesy/goid revealed a significantly
higher level in the M-Il oocytes compared with thost the earlier stages. Similarly,
expression level oKPC gene in the M-Il oocytes was significantly highkan those in
oocytes at the earlier stages. MBH2 gene, the expression of this gene had an increased
tendency in the M-Il stage oocytes relative to desyt the GV, GVL and M-I stages. Zheng
et al. (2005) showed that thdSH2 gene was expressed throughout development from
oocytes at the GV stage to the hatched blastodgstes with a transient increase in
expression in embryos at the 8-cell and morulaestaga non-human primate, and our data
were in agreement with this repoRAD51 is involved in the homologous recombination

pathway of DSBR, and is essential for embryo vigbi{Zheng et al. 2005; Jaroudi &
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SenGupta 2007). In the rhesus monkey, this geneew@aessed in abundance in oocytes,
but its expression decreased during oocyte maturaind then increased again at the 8-cell
stage (Zheng et al. 2005). Unlike observed patterise rhesus monkey, our data in pigs
revealed that the expression RAD51 tends to up-regulate during IVM. According to
results of Jaroudi et al. (200BAD51 andMSH2 were expressed at high levels in both
human oocytes and blastocysts, on the other RAC6 had medium to high expression
levels in the M-Il oocytes and blastocysts.

In the present study, it can not be denied thatix& expression value &fDG gene
in the M-Il oocytes in Experiment 1 was almost tfetd lower than those in Experiment 2.
The M-Il oocytes used in Experiment 2 were denudied4 h of IVM and immediately
subjected to RNA extraction. The M-Il oocytes uge&xperiment 1 were also denuded at
44 h of IVM but subjected to RNA extraction at ab8uh later when ICSI was completed.
As mentioned before, this gene showed highly exgiwasn the M-Il oocytes in Experiment
2 relative to other genes at 44 h of IVM. It mayplessible that lower expression value of the
M-Il oocytes in Experiment 1 was attributed to agkted degeneration of some DNA
repair mMRNAs in oocytes or the expression of tkeiseggreached peak at 44 h then decreased.
This explanation is clearly supported by the faet the relative expression of this gene in
the other groups of Experiment 1 also did not aehithe similar level of Experiment 2
irrelevant to treatments.

There are two possible explanations for the maturat stage-dependent changes of
most of DNA repair genes in IVM oocytes observe@xperiment 2. One possibility is that
during IVM, oocytes have accumulated mMRNAs of DN&pair genes being ready for
fertilization. The other possibility is that submpal IVM system stresses oocytes and it
might induce up-regulation of these DNA repair genthe later appears to be a more
satisfactory explanation. Indeed, Jones et al.§p0&ported that several genes involved in
many signaling pathways, such as response to sttescycle, cell proliferation, cell
division and cell death and so on, were up-regdlatdVM oocytes compared witim vivo
matured oocytes, and this up-regulation may atieitia dysregulation occurring during
IVM. Cumulus cells play an essential role in whageocess of oocyte growth and
maturation; therefore, their gene expression mesfdccording to IVM condition have been
also investigated in detail (Tesfaye et al. 200@a@aogo et al. 2012). In bovine cumulus
cells, isolated from the COCs after IVM culturengs involved in response to stress were
up-regulated and genes related to cumulus expanai@h oocyte maturation were

down-regulated compared with the cumulus cellsaigal from the COCs producéetvivo
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(Tesfaye et al. 2009). Similarly, expression of egerinvolved in DNA replication,
recombination and repair in human cumulus cellatsd fromin vivo andin vitro at different
nuclear maturation stages were up-regulated in leisneells after IVM (Ouandaogo et al. 2012).

It should be noted that there are so many DNA reganes and enzymes in the
oocytes and zygotes in addition to those examindle present study. Expression level of
these genes may depend on unknown cellular sigelted to normal development or
delayed development in the oocytes injected witrrspthat have various types or levels of
DNA damage. The expression of those genes depentteembryo developmental stage
and/or influenced by many other unknown factors.

In conclusion, the present study revealed thatesgion of DNA repair genes in
fertilized oocytes at 4 h after ICSI using freslersp, freeze-dried sperm in the presence or
absence of trehalose was not different. Likewise, difference was observed in the
expression of DNA repair genes between the spejectad groups and the M-Il oocyte
group without sperm injection. On the other handjrdy IVM, the expression 0fPC was
significantly increased in the M-Il oocytes compmhveth earlier stages. The expression of
UDG was significantly increased from the GV throughlGWI-1 and M-Il stages. Further
experiments are needed to confirm whether increasgaession levels of DNA repair genes
in the oocytes are caused by suboptimal IVM coadgior their accumulation. If increased
level of DNA repair genes is confirmed to be caubgdlVM conditions, the efficient
improvement of IVM system can be achieved baseéxgmuession profile of DNA repair

genes.
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Table 4.Repairable DNA damage type, proper functions, atoaswumber and primer

sequence of six investigated genes.

Genes DNA damage _
Full name Proper function References
symbol type
Direct Removes
_ _ _ Wood et al.
O-6-methylguanine-DNA  reversal: alkylating lesions _
MGMT 2001; Jaroudi et
methyltransferase alkylated at the O6 of
_ . . al. 2009
guanine guanine residues
Harrouk et al
DNA
2000; Wood et
glycostylase,

Single strand

UDG  Uracil -DNA glycosylase recognize and
break (Base) .
remove uracil
opposite A
Xeroderma )
. Single strand
pigmentosum, o
XPC . break DNA binding
complementation group _
(Nucleotide)
C
mutS homolog 2, colon o Mismatch and
MSH2 Mispairing N
cancer loop recognition
X-ray repair Double strand Non-homologous
XRCC6 _ o
cross-complementing 6 break end joining
Sus scrof&RAD51 Double strand Homologous
RADS1 . o
homolog (S.cerevisiae) break recombination
a TUB Alpha tubulin - Reference gene

al. 2001; Zheng
et al. 2005;
Jaroudi et al.
2009
Harrouk et al.
2000; Wood et
al. 2001; Zheng
et al. 2005;
Harrouk et al.
2000; Wood et
al. 2001; Zheng
et al. 2005;
Jaroudi et al.
2009
Jaroudi et al.
2009
Wood et al.

2001; Zheng et
al. 2005; Jaroudi

et al. 2009
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Table 5.Repairable DNA damage type, proper functions, atoasumber and primer

sequence of six investigated genes

_ ' Product
Gene symbol Genebank accession no. Primers .
Size (bp)
MGMT F/acttgcaggtccagaggaga
XM_003483574 168

Direct Reversal R/tgcagcagcttccataacac

uUbDG Flcagctccgtcaagaagatcc
XM_003132925 175

Base excision repair R/gctgaggtgcttcttccaac

XPC F/atccgacgaagattctgagc
Nucleotide excision AF041032 179

repair R/tcttcttgectectttacge

MSH2 F/tggtcccaatatgggaggta
NM 001195357 184

Mismatch repair R/catttcagccatgaatgtgg

XRCC6

NM_001190185 F/aacggaaggtgcectttact
Non-homologous R 045703 293
end-joining - R/cttttagccattgcctcagce
RAD51

F/attctgaccgaggcagctaa
Homologous NM_001123181 224

recombination R/atgggaagctggcatgttac

. F/tggaccacaagtttgacctgatg
TUBAI NM_001044544 101
Cell cycle R/gtcctcacgggcectcagaaa

*indicate endogenous reference gene
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Table 6.Decondensation status of sperm head at 4 h padtong3 h after electric

activation)
No of examined Oocyte with Oocyte with
Treatment oocytes decondensed sperm 2PB+2PN (%)
head (%) °
Fresh 108 62.49 + 9.97 12.80 £5.29
Tre 0 mM 123 71.53 £10.39 8.86 +5.21
Tre 15 mM 130 67.23 £ 6.61 20.44 + 6.10

Data were presented as mean + SEM of 5 replicates.
PB; polar body, PN; pronucleus, Fresh; ejaculatesshf sperm, Tre 0 mM; sperm
freeze-dried in basic freeze-drying medium withdtghalose, Tre 15 mM; sperm

freeze-dried in basic freeze-drying medium supplgewith 15 mM trehalose
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Table 7.Nuclear status of oocytes assessed by staininffertetht maturational stages

. No of Maturational stages
Time of
VM (h)  ooovte
examined No (%) GV No (%) GVL No (%) M| No (%) M-Il
120
0 120 (100 * 0.0) - - -
122
20 122 - (100 * 0.0) - -
5 111
33 116 - (43+03) (957 +0.3) #
44 209 _ 118 191

(38.2+0.9) (61.80.9)

GV; germinal vesicle, GVL; late germinal vesicle;IMnetaphase-1 and M-II; metaphase-Ii
stages. #: at 33 h of IVM, M-Il oocytes were remibtg observation (5.3%) before staining.
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Fig. 6. Relative gene expression of 6 DNA repair geneogytes at 4 h
after ICSI. Data were obtained from 3 biologicalmptes with

duplicate.
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Fig. 7. Decondensation status and PN formation of spednhaafter ICSI. Intact sperm
head and decondensed sperm head (arrows in A amespBectively). Newly formed
female (left) and male (right) pronuclei (arrow<dj the first (upper) and second (lower)

polar bodies (arrowheads in C). Scale bar = 20 pm.
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Fig. 8 Relative gene expression of DNA repair gene®uytes at different stages
of in vitro maturation. Data were obtained from 3 biologicampkes with
duplicate.® ® Data with different superscripts in each gene slstatistically
significant differences, P<0.05.
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Chapter IV

Effect of sperm treatment with Triton X-100 to remove plasma membrane

on fertilization of IVM porcine oocytes

Introduction

The successful decondensation of sperm nucleartadieg injected into the oocytes is a
prerequisite factor for the following events of ZGFhe pretreatment of frozen-thawed
sperm with Triton X-100 (TX) for disrupting spermembrane has been applied to improve
the fertiation ablility of ICSI-oocytes with the rtain findings. In mice, removal of both
sperm membranes and acrosome before the injectaegure improved the success of
ICSI (Morozumi & Yanagimachi 2005). Lee and Yan@®@2) also found that an intact
membrane and tail structure of boar sperm aregssatreial for embryo development by ICSI,
even dead porcine sperm, at the early stage obsisaraused by plasma membrane damage,
support better embryo development compared with tien-damaged sperm. This result
suggested that prior removal or damage of spermbrare would increase the success rate
of ICSI in species whose sperm have stable membrdembrane-damaged boar sperm are,
thus, beneficial to sperm decondensation during.ICS

Sperm pretreatment might help to enhance sperm theemhdensation, PN formation
and subsequent development of sperm-injected aacyiee chemicals such as calcium
ionophore (Wei & Fukui 1999; Nakai et al. 2003),itdm X-100 (Nakai et al. 2006;
Watanabe et al. 2010) and dithiothreitol (DDT) (Rit@l. 1998; Wei & Fukui 1999; Nakai
et al. 2006; Watanabe & Fukui 2006; Watanabe eR@l0) can be used to increase the
plasma membrane permeability and sperm head decsaiiien. DTT is a disulfide
reducing agent that induces the reduction of tle¢apnine disulfide bonds in sperm nuclei
and leads to the decondensation of the sperm h&hdgargets of each treatment in each
study were different; sperm plasma membrane for d@x{ the disulfide bond in sperm
nuclei for DTT. Therefore, it was inferred that DWas the most severe treatment compared
with the others (Watanabe et al. 2010). There ppsting evidence that prolonged DTT
treatment (50—60 min; Yong et al. 2005, Watanald@&ui 2006) degraded the fertilization
ability and developmental competence of porcineytesc Similarly, a combination of TX
and DTT treatments (Nakai et al. 2006) did notease the efficacy of embryo production in

pigs. In addition, when examined at DNA and chroomoal levels, prolonged DDT
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treatment also induced chromosome aberration vdt% in the group treated for 60 min
(Watanabe et al. 2010).

According to Kasai et al. (1999), TX treatment poted oocyte activation and
sperm decondensation of human sperm when they wg@ed into mouse oocytes. In
contrast to this study, some other studies shohatdsperm treatmens with TX (Szczygiel &
Ward 2002; Tian et al. 2006) and with TX combinddTXin mice, Szczygiel & Ward 2002;
in pigs, Nakai et al. 2006) were not beneficiallite development of ICSI-derived embryos.
In addition, Szczygiel & Ward (2002) indicated tisanultaneous treatment of sperm with
TX and DTT induces extensive chromosomal breakagethen suggested that such a
treatment should not be attempted in human ICSréfore, only TX for sperm treatment
without DDT was used in the present experiment.

Although effect of TX treatment on decondensatiomale PN formation and
subsequent development of frozen-thawed spermnepoeted in different species by many
research groups. Taking into consideration thapaese of freeze-dried sperm (with
motionless status) to TX treatment may be diffefesrh frozen-thawed sperm (with motion
status). Moreover; there has been no report alftedtef TX treatment for freeze-dried
sperm on fertilization of IVM porcine oocytes aft&SI. The objective of this Chapter was
to assess effect of TX treatment on fertilizatiédri\dM oocytes injected with freeze-dried

sperm pretreated with different concentrations ¥f(T, 0.5% and 1%).

Materials and Methods
In vitro matured (IVM) oocyte preparation

Oocyte collection and IVM were conducted as descrifKikuchi et al. 2002a).
Briefly, ovaries were obtained from prepubertalsstared gilts (Landrace - Large White -
Duroc breeds) at a local slaughterhouse and trarespdo the laboratory at 35.
Cumulus-oocyte complexes (COCs) were collected ffoliicles 2-6 mm in diameter in
Medium 199 in air (with Hanks’ salts) supplementath 10% (v/v) fetal bovine serum, 20
mM Hepes, 100 IU/mL penicillin G potassium, and @\d/mL streptomycin sulfate. About
40 to 50 COCs were cultured in 500 pL of maturatiwedium for 20-22 h in four-well
dishes. The COCs were subsequently cultured foh 24 maturation medium without
dibutyl cAMP and hormones. IVM was carried out 8@ under conditions in which GO
O,, and N were adjusted to 5%, 5%, and 90%, respectivelerAYM, cumulus cells were

removed from oocytes by repeated pipetting in Medil99 in air supplemented with 150
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IU/ mL hyaluronidase. Denuded oocytes with thetfiPB were harvested under a

stereomicroscope and used as IVM oocytes.
Sperm collection, FD and rehydration

Sperm collection and FD were conducted as descpb®dously (Men et al. 2013).
Briefly, ejaculated semen was collected from a lkaod boar and transferred to the
laboratory within 1 h. After determination of theesm concentration, the semen was
centrifuged for 10 min at 900 x g at°80and the seminal plasma was removed. The pellet
was resuspended in FD medium containing trehalossvggmed at 3, and the
supernatant was removed after centrifugation. Trred pellet was then resuspended in FD
media containing 0 or 15 mM trehalose at a finalcmtration of 4x1Dcells/ mL. One
milliliter of sperm suspension was placed into adividual glass vial, then the vials were
covered with aluminum foil and placed in a refrafjer at—80°C for at least 4 h. The
aluminum foil was replaced by a rubber cap with Isg@ps between the cap and the vial,
and then they were placed in a FD system. The BDram was as follows: specimens were
dried primarily for 19 h at 0.13 hPa and secongdoit 3 h at 0.13 hPa. During the process of
primary drying, the shelf temperature was contcbé-30°C and then increased to 80
during the last 1 h 20 min (0.%&/ min). After flushing with inactive Ngas, the vials were
sealed with rubber caps and further fastened vitmiaum caps. The freeze-dried samples
were transferred to a refrigerator and stored®@t dnder dark condition until usage. For
rehydration, the same volume (1 mL) of deionizatthstilled water was added to vials
immediately after opening the rubber and aluminwapscusing a decapper. The sperm
suspension was centrifuged for 2 min at 600 x gthadsperm were washed with PB$ (
containing 5 mg/mL BSA, then resuspended in theeshuffer. The sperm suspension was
sonicated for several seconds to isolate spernstaabkept at room temperature prior to ICSI.

Pretreatment of freeze-dried sperm with Triton X-100

Sperm freeze-dried in FD medium containing 0 anandb trehalose were used in
this experiment. After rehydration and centrifugatto remove FD medium, sperm were
resuspended in PBS)(containing 0, 0.5 and 1 % TX for 10 min at ro@mperature. After
exposure to TX, sperm were washed twice in PBS-BBAicated several seconds to isolate

the sperm head and maintained at room temperatiaret@ injection to IVM oocytes.

61



I CSl and oocyte stimulation

ICSI was carried out as previously described (Naddaial. 2006) with some
modifications (Men et al. 2013). Briefly, sperm wekept in IVC-PyrLac -Hepes-PVP.
About 30 IVM oocytes were transferred to a [#0-drop of Medium 199 in air. A small
volume (0.5uL) of the sonicated sperm suspension was transféoea 2pL drop of
IVC-PyrLac-Hepes-PVP. All drops were covered wisligffin oil. A single sperm head was
aspirated into the injection pipette, and injectei the ooplasm using a piezo-actuated
micromanipulator. ICSI was completed within 2 heaftehydration of freeze-dried sperm,
and sperm-injected oocytes were recovered in IV@-#&y for 1 h before electrical
activation. The end of injection was considered ds postinjection. As a control group,
mature oocytes were handled the same procedurewidperm (sham group). One hour
postinjection, the oocytes were transferred to @ivation solution consisting of 0.28 M
d-mannitol, 0.05 mM Cag|0.1 mM MgSQ, and 0.1 mg/mL BSA. Once the oocytes were
sunk down the bottom of the drop, they were thenwated with a direct current pulse of
1.5 kV/cm for 20 ps under the same condition farthegroup using a somatic hybridizer,

then washed three times and cultured in IVC PyrLac.
Assessment of fertilization status

For assessment of fertilization status, the oocytested with freeze-dried sperm
from trehalose 0 and 15 mM groups that had pretdeaith different concentrations of TX
were fixed at 10 h postinjection (i.e. 9 h aftezattic activation) in fixative solution with a
1:3 mixture of acetic acid:ethanol (v/v) under Jamesupported coverslips for several days.
They were stained with 1% (w/v) orcein in 45% (vagetic acid for several minutes, and

then their fertilization status was examined ughgse-contrast microscopy.
Statistical analysis

Data were expressed as mean + SEM. The percerasayevdre arcsine-transformed
(Snedecor & Cochran 1989) then subjected to oneAN®VA using R packages 3.0.1 (R
Core Team 2013). As the difference is found in geoby ANOVA, further analysis is
conducted by Tukey’'s posthoc test using the R ppekaDifferences alP<0.05 were

considered to be significant.
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Results

Fertilization status of oocytes injected with freeze-dried sperm after Triton X-100

treatment

The oocytes with 2 PB and 2 PN were considerecdsiZzed normally. Oocytes
with more than 2 PB and/or 2 PN or without PN werpasidered as abnormally fertilized
oocytes. Results are shown in Table 8. Normallifeation rate in the 15 mM trehalose
group treated with 0.5% TX was highest among grdugsno significant difference was
found. There were no significant differences inrdies of normal fertilization and abnormal
fertilization of porcine oocytes at 10 h after Idgitween the 0 mM and 15 mM trehalose
groups. Moreover, when freeze-dried sperm werebat®d in different concentrations of
TX for 10 min at room temperature, these paramedtss did not differ among groups
treated with 0, 0.5 and 1 % TX. The rate of oocytéh 2 PB and 2 PN in the sham group
was significantly lower than those of other spenpaated groups (P<0.001). The rate of the
oocytes with 2 PB and one female PN (considerexttgated oocytes) in sham group was

67.5% (data not shown in the tables or figures).
Discussion

The result of this experiment showed that freezeddooar sperm treated with TX at
different concentrations did not improve normatifzation. It is reported that the delay in
oocyte activation and decondensation of sperm chtionafter sperm injection is caused by
the existence of the sperm plasma membrane (Katagam@l. 2002b). Removal of plasma
membrane by treatments with different surfactaatgehbeen attempted to promote sperm
chromatin decondensation and oocyte activatiorvi®ue studies suggest that removal of
sperm plasma membrane by treatment with TX mo#tiKacilitates the exposure of
soluble sperm factors in the cytoplasm of the spgerthe ooplasm which is considered to be
beneficial for nuclear decondensation and subsdguggote activation. Kuretake et al.
(1996) demonstrated that in mouse ICSI, spermddeatth TX could fertilize oocytes with
the same efficiency as intact sperm heads, reguitin normal preimplantation and
postimplantation development (i.e. live offspringsd the result was comparable to that of
the control group in their experiments (Kuretakalef996; Kimura et al. 1998). Moreover,
treating human sperm with TX before ICSI resultedhie fastest and most efficient oocyte
activation and sperm head decondensation, suggeeanhTX is considered to be beneficial
rather than detrimental (Kasai et al. 1999).
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However, the result obtained in this experimentgested that the disruption of
plasma membrane by FD process seems to have arseffitct as exposure with TX of
membrane intact sperm. Therefore, further treatsnémtthe membrane of freeze-dried
sperm did not improve male PN formation as weh@snal fertilization. Damages to sperm
membrane resulting from dehydration can be atteidhid the changes in the physical state
of lipid membrane. However, different findings abeffect of treatments for sperm were
reported in different laboratories and seem to dep species and sperm types. Because
the physical and chemical properties of the spdasnpa membrane are varied from species
to species (Kasai et al. 1999). It is well-docuredntthat active _sperm-borne
oocyte-activating factorsSOAFs), important components of the male gametpeap

during transformation of the round spermatid irtie spermatozoon (Kasai et al. 1999).

SOAFs are partly localized in the perinuclear thiecthe postacrosomal region (Kimura et

al. 1998) and under the plasma membrane over that@ipl segment of the acrosome

(Sutovsky et al. 2003)nterestingly, the action of SOAFs is not highlgsigs-specific since

mouse oocytes are activated by injection of speom foreign species, such as the hamster,
rabbit, pig, human and even fish (Kimura et al.&99hen, Kim et al. (1999) also reported
a same conclusion about no strictly species-sp#yifiof SOAFs by the series of
experiments of injection of sperm from mice, catithuman into porcine oocytes and
indicated that sperm of these species can actp@tene oocytes. In this study, male PN
formation and pronuclear apposition were obsermegorcine oocytes following injection
of porcine, bovine, mouse or human sperm althowgterof the porcine oocytes form any
mitotic metaphase nor developed to the two-cetjestdAAmong SOAFs, PLCis thought to
be the strongest candidate as a sperm factorigpats oocyte activation and following early
embryonic development (Yoneda et al. 2006). Thatlono or distribution of PLC differs
among species, for examples, between rodents (aprexent in sperm head; Kuretake et al.
1996; Yamauchi et al. 2002) and domestic animalsgnly present in sperm head, but also
in tail; pigs: Nakai et al. 2011 and horses: BedifGuaus et al. 2011). For sperm types, fresh
sperm, frozen-thawed sperm and freeze-dried speemnsapposed to contain different
amount of SOAFs. This leads to different outcomésfentilization and subsequent
development when these sperm were used for injectio

Nakai et al. (2011) demonstrated that treatmemt§daen-thawed boar sperm leads
to a reduced ability to induce oocyte activatiord ahat this should be taken into

consideration when preparing samples for ICSI. Harevhether similar findings obtained
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when using freeze-dried sperm have not been ddriffhe findings in this experiment
showed that TX treatment for freeze-dried boar repead no positive effect on normal

fertilization and abnormal fertilization.
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Table 8.Fertilization rate of oocytes injected with freediéed sperm head at 10 h after ICSI

Treatment

Total

No (%) normal

Fertilization

No (%) abnormal

fertilization

Tre OmM + 1%TX

Tre OmM + 0.5%TX

Tre OmM + 0%TX

Tre 15mM + 1%TX

Tre 15mM + 0.5%TX

Tre 15mM + 0 %TX

Sham injection

114

122

94

93

129

68

80

77 (67.54%2.3)

77 (63.11+4.4)

64 (68.09+5.0)

66 (70.97+7.7)

100 (77.52+4.6)

51 (75.00£9.7)

0
(0.00%+0.0)

23 (20.18+3.0)

26 (21.3134.2

20(21.2&5.6)

17 (18.2846.7)

19 (14.7332

10 (14.71+4.1)

8
(10.00+7.0)

Normal fertilization: oocytes with 2 PB and 2 Pisibie;

Abnormal fertilization: oocytes with more than 2 BBd/or 2 PN or without PN.

*shows significant difference within the column (8VA-Tukey posthoc test, P<0.001)

At least 4 replicates were done in each group

Tre 15 mM: 15 mM of trehalose included in spernefse-drying medium

0, 0.5, 1% were concentrations of Triton X-100 (Tisged in experiments

Sham: same handling for injection conducted witrspgrm
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Chapter V

Effect of oocyte treatment by centrifugation and edctric activation on

fertilization of IVM porcine oocytes

Introduction

Centrifugation to stratify cytoplasm facilitatesetbbservation of PN in oocyte or sperm
penetrated in ooplasm, especially useful for sgesieh as pigs and cattle whose oocytes
has dark ooplasm with rich lipid dorplets (Tathanale 1995; 1996; Rho et al. 1998). The
centrifugation for polarization of lipid droplets the cytoplasm before cryopreservation was
reported to increase significantly the cleavagee raf oocytes that survived after
freezing-thawing and also the development ratdésastocysts (Otoi et al. 1997).

For some species such as mice (Kimura & Yanagime@®db; Kuretake et al. 1996),
hamsters (Hoshi et al. 1992), human (Tesarik & 8d@95) and rabbits (Keefer 1989), ICSI
alone is considered to be sufficient to activateytes for embryonic development. Even
external activation stimulus(li) was not required the development to the blastocyst stage
after injection of freeze-dried sperm in rats (Kiemet al. 2009) and mice (Wakayama &
Yanagimachi 1998, Kawase et al. 2007). It seemisntfaaipulations associated with ICSI
may have provided sufficient stimulus for oocytéation in these species.

However, it is reported that external activatiamstus(li) (by sperm extract) is required

for blastocyst development after ICSI with freezeed sperm in horses (Choi et al. 2011).
In rabbits, chemical activation treatments sucltasium ionophore with cycloheximide
and 6-DMAP, were essential for blastocyst produnc{idu et al. 2004). In cattle, necessity
for additional oocyte activation before or aftee tfCSI procedure was also confirmed
(Suttner et al. 2000). In pigs, artificial oocyidigation after ICSI was reported to result in
better fertilization and embryonic development @dPN formation and blastocyst
development) compared with injection alone (LealeR003; Nakai et al. 2003). Catt and
Rhodes (1995) also showed that boar sperm injeéatedocytes after ICSI had arrested in
early decondensation state without any stimulatRmotocols employing G& ionophore,
C&”* ion containing solution and electrical stimulatibave been developed for artificial
induction of activation in porcine oocytes (ProBsRath 2003). The result showed that,
when sperm injected oocytes were treated witfi @& containing solution, activation and

fertilization rates were significantly higher asngmared with those without treatment.
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However, a similar rate of activation and a decdasite of fertilization were recorded in
the C&" ionophore treated group in relation to non-treayemip. For electrical activation,
both activation and fertilization rates were sigrahtly increased. These findings explained
the importance of artificial activation on preimpiation development of porcine ICSI
oocytes. Among the methods of artificial activati@iectrical stimulation is the most
common especially for producing somatic cell nucteansfer embryos (Lee & Yang 2004)
and is very effective for embryo production aft€SI (Lee et al. 2003; Nakai et al. 2003;
Kurebayashi et al. 2000; Lee & Yang 2004). Sevielors are reported to influence an
oocyte's response to electrical activation, inaglgdoocyte age, applied voltage/field
strength, and the pulse number and its duratioraditition, there might be interactions
between these factors (Zhu et al. 2002).

Electrical stimulation to oocytes is consieredaadsulted in the formation of pores in the
plasma membrane, which allows the uptake of exttdae calcium (Onodera & Tsunoda
1989) leading to an increase in intracellular caiticoncentration and finally oocyte
activation. The CH oscillation in the ooplasm following sperm-oocyjtgteraction at
fertilization is reported to be the essential ratiul of oocyte activation and is responsible for
postfertilization events including meiotic resuropti and cortical granule exocytosis
(Hoodbhoy & Talbot 1994).

Failure of formation of a male PN was the majorseatfor fertilization failure in ICSI
porcine embryos (Lee et al. 2003). Sperm nucleeom#gensation is reported to be delayed
in ICSI compared with IVF (Katayama et al. 2002&¥gctric stimulation is considered to
promote the intracellular calcium influx and spedetondensation process. In a study of
effect of oocyte activation by electric stimulus embryo development of ICSI-derived
porcine oocytes, blastocyst formation rate of sp@jectted oocytes was much higher in the
group with electric stimulus in relation to thogenvithout electric stimulus (27.1% vs. 4.1%,
respectively, Nakai et al. 2006). However, the ratenormal fertilization, defined by
formation of two (first and second) PBs and twol@rand female) PNs was not examined in
this study. It is important to assess sperm headrdiensation and pronuclear formation in
oocytes before focusing on the development to tlastdicyst stage. Because, electric
stimulation was applied for oocytes in all my expemts, it cannot be ruled out that
blastocyst obtained after culture for 6 days migatparthenogenetic origin. The rate of
oocytes with 2 PBs, a male PN and a female PNr(egfdo normal fertilization) has been
used as a good parameter to evaluate the feriliiyabf sperm and oocytes after ICSI
(Heuwieser et al. 1992; Catt & Rhods 1995).
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Concerning to strategies to improva vitro embryonic development using
freeze-dried sperm, the objective of this Chaptes wo examine the effect of oocyte
centrifugation and electric stimulation on fer@tion by ICSI of IVM porcine oocytes.

Materials and Methods
Preparation of in vitro matured (VM) oocytes

Oocyte collection and IVM were conducted as presipulescribed (Kikuchi et al.
2002a). Briefly, ovaries were obtained from preptddecrossbred gilts (Landrace - Large
White - Duroc breeds) at a local slaughterhousetemsported to the laboratory at®G5
Cumulus-oocyte complexes (COCs) were collected ffolircles 2-6 mm in diameter in
Medium 199 in air (with Hanks’ salts) supplemeniath 10% (v/v) fetal bovine serum, 20
mM Hepes, 100 IU/mL penicillin G potassium, and @\d/mL streptomycin sulfate. About
40 to 50 COCs were cultured in 500 pL of maturatimedium for 2622 h in four-well
dishes. The COCs were subsequently cultured foh 24 maturation medium without
dibutyl cAMP and hormones. IVM was carried out 8tG under conditions in which GO
O,, and N were adjusted to 5%, 5%, and 90%, respectivelterA¥M, cumulus cells were
removed from oocytes by repeated pipetting in Medil99 in air supplemented with 150
IU/ mL hyaluronidase. Denuded oocytes with thetfiPB were harvested under a

stereomicroscope and used as IVM oocytes.
Sperm collection, FD and rehydration

Sperm collection and FD were conducted as descpbedously (Men et al. 2013).
Briefly, ejaculated semen was collected from a lkaod boar and transferred to the
laboratory within 1 h. After determination of theesm concentration, the semen was
centrifuged for 10 min at 900 x g at°80and the seminal plasma was removed. The pellet
was resuspended in FD medium containing trehalossvggmed at 3, and the
supernatant was removed after centrifugation. Tired pellet was then resuspended in FD
media containing O or 15 mM trehalose at a finalcemtration of 4 x 0cells/ mL. One
milliliter of sperm suspension was placed into adividual glass vial, then the vials were
covered with aluminum foil and placed in a refrafjer at—80°C for at least 4 h. The
aluminum foil was replaced by a rubber cap with Ibigaps between the cap and the vial,
and then they were placed in a FD system. The BDram was as follows: specimens were
dried primarily for 19 h at 0.13 hPa and secongdoit 3 h at 0.13 hPa. During the process of
primary drying, the shelf temperature was contobi¢-30°C and then increased to 30
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during the last 1 h 20 min (0.76/ min). After flushing with inactive Ngas, the vials were
sealed with rubber caps and further fastened vitmiaum caps. The freeze-dried samples
were transferred to a refrigerator and stored @ #inder dark condition until usage. For
rehydration, the same volume (1 mL) of deionizatthstilled water was added to vials
immediately after opening the rubber and aluminwapscusing a decapper. The sperm
suspension was centrifuged for 2 min at 600 x gthadsperm were washed with PB$ (
containing 5 mg/mL BSA, then resuspended in theeshuffer. The sperm suspension was
sonicated for several seconds to isolate sperm aeddkept at room temperature prior to
ICSI.

Oocyte centrifugation to stratify cytoplasm before and after | CSI

IVM oocytes with the first PB were subjected to triéngation according to
Fahrudin et al. (2007); Viet Linh et al. (2011) kvisome modifications. In brief, IVM
oocytes were transferred to a 1.5-ml micro cergafion tube (2630 oocytes in one tube)
and then centrifuged at 10,000 x g for 20 min &C3ih Medium 199 to stratify the
cytoplasm (Experiment 1 and 2). For Experimenp8ys injected oocytes were centrifuged
at 10,000 x g for 5 min at 3Z in Medium 199, followed by electrical activatiandin vitro

culture. In this experiment, cytochalasin was regduduring centrifugation.
I CSl and oocyte stimulation

ICSI was carried out as previously described (Naddaial. 2006) with some
modifications (Men et al. 2013). Briefly, sperm wekept in IVC-PyrLac- Hepes-PVP.
About 30 IVM oocytes were transferred to a [#0-drop of Medium 199 in air. A small
volume (0.5uL) of the sonicated sperm suspension was transféoea 2pL drop of
IVC-PyrLac-Hepes-PVP. All drops were covered wisligffin oil. A single sperm head was
aspirated into the injection pipette, and injectei the ooplasm using a piezo-actuated
micromanipulator. ICSI was completed within 2 heaftehydration of freeze-dried sperm,
and sperm-injected oocytes were recovered in IV@#&y for 1 h before electrical
activation. The end of injection was considere@ agostinjection. One hour postinjection,
the oocytes were transferred to an activation swilutonsisting of 0.28 M d-mannitol, 0.05
mM CaCp, 0.1 mM MgSQ, and 0.1 mg/mL BSA. Once the oocytes were sunkndihe
bottom of the drop, they were then stimulated aithirect current pulse of 1.5 kV/cm for 20
ps under the same condition for each group usisgnaatic hybridizer then washed three

times and cultured in IVC PyrLac.
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Assessment of fertilization status

For assessment of fertilization status, the oooyta® fixed at 10 h postinjection in
fixative solution with a 1:3 mixture of acetic acethanol (v/v) under vaseline-supported
coverslips for several days. They were stained ®#th(w/v) orcein in 45% (v/v) acetic acid
for several minutes, and then their fertilizatidatgs was examined using phase-contrast

microscopy.
Statistical analysis

Data were expressed as mean = SEM. The percerasay@dre arcsine-transformed
(Snedecor & Cochran 1989) then subjected to oneAN®VA using R packages 3.0.1 (R
Core Team 2013). As the difference is found in geoby ANOVA, further analysis is
conducted by Tukey’s posthoc test using the R pgekaDifferences aP<0.05 were

considered to be significant.
Results

Relative distance of chromosome spindle complexes relative to PB before and after

centrifugation

Three types of location were classified (type Arothosome spindle complexes
(CSC) are closest to PB, type B: CSC are locatedeasame side with PB compared with
equatorial line, type C: CSC are located at therogide with PB compared with equatorial
line). The ratio of each type was shown in FigB8&fore centrifugation (Fig. 10A), most of
oocytes show type A (76.3%; Fig. 10C) and the remgioocytes show type B (23.7%; Fig.
10D). No oocyte with type C was observed. Howewadter centrifugation, the ratio of
oocytes with type B increased twice in relatioédore centrifugation and a small portion
of type C appears (1.8%). Centrifugation made ibtadce between CSC and PB become
much farther. On the other hand, after centrifugggtthree distinctive layers of cytoplasm
were observed including ‘transparent’, mitochondaiad lipid layer, as presented in
Fig.10B).

In this experiment, we also investigated the distion of CSC in cytoplasm after
centrifugation and staining with aceto-orcein. Tésult showed that the oocytes with CSC
located in the ‘transparent’ layer occupied ab@i5% (Fig.11B) and the oocytes with CSC
located in the mitochondria layer occupied aboul%8 (Fig.11A) and the remaining

oocytes with CSC were located in the lipid layed$8) (data not shown in tables or figures).
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Effect of sperm injection into 3 different layers of centrifuged oocytes on fertilization of

I VM porcine oocytes (effect of centrifugation before injection)

As shown in Fig. 12, normal fertilization and abmeait fertilization rates were not
significantly different among the control (non-adfoigation) and experimental groups. In
term of normal fertilization, the lowest rate (6%)pwas recorded in the group that sperm
injected into mitochondrial layer and the highe$en(68.9%) was recorded in the group that
sperm injected into lipid layer. An example of &marmally fertilized oocyte was shown in
Fig. 13D.

When sperm were injected into 3 layers of oocytes aentrifugation, sperm heads
could be visible clearly in live cytoplasm when yheere injected into the mitochondrial
layer (Fig. 13A) and the transparent layer (FigCL3However, in case of sperm injection

into lipid layer, the sperm head is not visibleg(FL3B).

Effect of oocyte centrifugation after ICSI and of electric stimulation on fertilization of

I VM porcine oocytes (effect of centrifugation after injection)

The rates of normal fertilization, abnormal fer#tion and metaphase-Ill (M-III)
arrest were shown in Fig. 14. The rates of nornealilization in control group was
significantly higher (P<0.05) than those of remaghgroups. The normal fertilization rate
was significantly higher (P<0.05) in the groupshnaéiectric activation applied compared
with no electric activation, irrespective of cefugation (63.0% vs. 29.2% for centrifuged
groups and 71.9% vs. 31.8% for non-centrifuged pspuespectively). However, the
abnormal fertilization rate in the groups subjectedboth centrifugation and electric
activation was significantly higher (P<0.05) thdroge of the groups without electric
activation, irrespective of centrifugation and wast different from the control group
(non-centrifugation, with electric activation).

The oocytes with the presence of metaphase-likenobsome plates (Fig. 15) at 10 h
after injection are referred to as M-Il arresteocytes. The rates of the M-Il arrested
oocyets were significantly higher (P<0.001) in theoups without electric activation
compared with those in the groups subjected totrede@ctivation, irrespective of
centrifugation (40.5% vs. 6.9% for centrifuged geuand 35.8% vs. 4.5% for

un-centrifuged groups, respectively).
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Discussion

Centrifugation facilitates the visible of spermease in ooplasm and therefore may
reduce the amount of medium injected to oocytesvader, the findings in this experiment
showed that there were no benefits of oocyte degation before ICSI on normal
fertilization (Fig. 12). In addition, centrifugatianakes the distance between CSC and PB
further, thus, may induce the higher risk of disiup of CSC by the injection procedure.
And redistribution of cytoplasm after centrifugatidid not promote decondensation and PN
formation; in contrast, it delayed the oocyte aaiion and probably interrupted the normal
decondensation process necessary for PN formation.

Oocyte centrifugation after ICSI also was not bem&fon normal fertilization (Fig.
14). Even when the oocytes were centrifuged, theombal fertilization rate was
significantly higher in the group applied for elgctactivation than those of the groups
received no electric activation. In the categoryabhormal fertilization examined in this
experiment, most of oocytes presented 3 PN witihoné PB. Because only one sperm head
was injected to one oocyte, it is suspected thabthtytes did not complete meiosis; as a
consequence, no second PB was extruded. Such saegted have 2 female PNs, and one
male PN. There are two possibilities to explaintf@ higher rate of the oocytes with 3 PN in
the electric activated group. Normally, electrié¢gaunduces intracellular cacium oscillation
and promotes the sperm chromatin decondensationfeandle PN and also male PN
formation if pserm has been in ooplasm. Howevergmilectric stimulus was applied for
oocyte activation after centrifugation, it is mbisely that the normal resumption of meiosis,
chromatin remodeling and PN formation are disrugtenhhibited. Centrifugation coupled
with electric stimulation would disturb the extroisi of the second PB. Oocyte
centrifugation more likely triggers the disruptiohCSC into 2 or more pieces, resulting in
the embryos with more than two PNs.

The result in present study was in agreement WwegHihdings of Yong et al. (2005)
who reported that transformation from sperm heaa@ensation to male PN was delayed
in centrifuged oocytes compared with non-centritigecytes. The delay may be caused by
slow or irreversible redistribution of internal arelles including lipid droplets of ooplasm
after centrifugation. Because the homogeneousillision of ooplasmic lipids plays an
important role in the transformation of sperm hedd male PN (Kikuchi et al. 2002b). In
addition, centrifuged oocytes might also lose thpastunity of syngamy with sperm nuclei

at appropriate time point (Yong et al. 2005). lagtingly, although a significantly lower rate
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of male PN was observed in centrifuged oocyteseldgwment to the blastocyst stage was
not affected by centrifugation in that work. Ths attributed to the parthenogenetic
development in these oocytes. Therefore, we sugjggisbefore discovery of an appropriate
method for distinguishing, the blastocysts deriviemin parthenogenetically activated
oocytes or from sperm-injected oocytes, probabigm@nation of the presence of a male PN
in oocytes after fertilization would be more sigruint.

In cattle, Chung et al. (2001) suggested that dagation of oocytes matureiah
vitro has no detrimental effect on fertilization andseduent early embryonic development.
In addition, Wei & Fukui (1999) also reported thia¢ proportions of bovine oocytes that
were successfully injected, survived or showed BWs were higher when centrifuged
oocytes were used in conventional ICSI. Our regeltsaled that there were no differences
in term of normal fertilization rate in porcine goes injected with freeze-dried sperm
between centrifuged and non-centrifuged oocytelawit electric stimulation.

Normal fertilization rate was significantly impraven the groups with electric
activation applied compared with no electric adiMagroup, confirming the importance of
artificial electric stimulation to porcine ICSI-ogtes. In contrast to the report of Yong et al.
(2005) who revealed that there was no effect afteteactivation on normal fertilization of
porcine ICSI-oocytes, even detrimental effect ooyt® survival, the present result showed
that electric stimulation increased significantlgrmal fertilization rate, irrespective of
centrifugation. This difference can be explained thg fact that this research group
performed modified ICS}H with the injection of head membrane damaged sgmrmot
conventional ICSI.

After centrifugation, the clear zone (referred $ot@nsparent layer in our pevious
study) could be the site of ICSI of mature oocytesrder to visualize the injected sperm
(Fig. 10). This is impossible in non-centrifugedcgies, which have vesicular elements and
lipid droplets that make the ooplasm opaque, unifikeuman and mouse oocytes (Tatham et
al. 1996). Ooplasm stratification after centrifugatwould make it possible to remove these
lipid droplets (delipidization) prior to the fre@ag or vitrification of oocytes or embryos by
either further centrifugation or micromanipulati@agashima et al. 1994; Pangestu et al,
1995). Since the existence of lipid droplets in thacytes or embryos subjecting to
cryopreservation reduces their survival potentiedtham et al. (1996) indicated that
maturation spindles and cortical cytoskeleton weaostly intact and were firmly anchored

to the oocyte cortex beneath the oolemma, even@dtdrifugation.
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The percentage of oocytes enter to the M-Ill stabaracterized by metaphase-like
chromosomes with an elongated metaphase spindtesigaificantly higher in the groups
without electric activation, suggesting that medbaninjection procedure is not sufficient
to induce oocyte activation to proceed to the Papest It is reported that activity of
maturation promoting factor (MPF) in non-activateocytes gradually decreases during
arrest at the M-Il stage, but it is high enougimi@intain the M-phase (Kikuchi et al. 1995).
This high MPF activity makes the injected sperml@igther recondensed into a chromatin
mass or changed into metaphase-like chromosomescin (Clarke & Masui 1987), pigs
(Kikuchi et al. 1999a) and cattle (Abeydeera & Nit@92). In cattle, according to Liu et al.
(1998), when oocytes were full activated (definesl @onuclear formation), MPF
inactivation followed by MAPK (mitogen-activatedgbein kinase) inactivation occurred
quickly; whereas the oocytes undergoing partialvation (defined as exit from the M-I
arrest but no PN formation, so called the entéh¢oM-I1l stage), MPF was inactivated but
MAPK activity remained high. They suggest that ardase in MPF activity coincided with
M-Il exit and a decrease in MAPK activity coincidedh PN formation (i.e. the inactivation
of two these kinases is independent).

However, a small portion of sperm injected oocyaes® showed the entering to the
M-Il stage even after the oocytes had been etmdtyi activated. This might be caused by
inconsistent changes in activity of MPF and MAPKsome oocytes after sperm injection
and oocyte stimulation. In some cases, electritalu$ation alone triggers a temporary
decrease in MAPK activity, but the resumption efattivity was detected after stimulation
(Collas et al. 1993; Ito et al. 2004; Nanassy eR@07). On the other hand, some porcine
IVM oocytes may have reduced levels of sperm deeonsidg factor(s) because of
precocious activation of the oocytes prior to andrdy ICSI, due to prolonged handling of
oocytes and extended exposure to room temperatuderaonstrated by Lee et al. (2003).
Probably, amount of oocyte-activating factor(s@askd by the injected sperm was only enough
to partially initiate the physiological cascad@ofmal fertilization, (i.e. to release the oocyteri
M-Il arrest).

In conclusion, oocyte centrifugation before ICS1 dt improve normal fertilization rate.
Oocyte centrifugation after ICSI showed a negagiffect on normal fertilization in case of
electric activation and no effect on normal fea#ition in case of no electric activation applied.
Moreover, the significantly higher percentage @& tocytes at the M-Il stage in the groups
without EA confirmed the importance of additionkdatric stimulation to activate the porcine
ICSI oocytes.
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Fig. 9. Location of CSC relative to PB in oocyte before aitér CF at
10,000 x g for 20 min. Data are collected from@ioates with 131 oocytes
for before CF group and 7 replicates with 170 oesyor after CF group.
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Fig. 10 Invitro matured oocytes before (A) and after (B) centatian were observed
by stereo-microscope (A and B) and stained withtcaoecein (C and D). After
centrifugation at 10,000 x g, for 20 min, at’G7 three distinctive layers could be
observed including lipid layer, mitochondria layand transparent layer. Before
centrifugation, most of oocytes showed with typd@SC adjacent with PB; C) but
after centrifugation, the rate of oocytes with typmcreased (CSC migrated farther the

way to PB; D). Scale bar: 320n.
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Fig. 11 Invitro matured oocytes after centrifugation and stai aiteto-orcein.

CSC was located in the mitochondria layer (A) dredttansparent layer (B). Scale
bar: 20um.

79



100 -+

S 90 -
8\, Mito
$ % I
No organelle
?70 | I I = Lipid
O 60 -
S ® Control
o
o 50 -
& 40 -
@
3 30 - I
[} i
2 2 I
10 -
0 .
Normal fertilization Abnormal fertilization

Fig.12. Effect of sperm injection into 3 different layeod centrifuged
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Fig. 13 Sperm injection into 3 layers of oocytes aftentdéugation. Sperm heads

(arrowhead) could be visible clearly in cytoplasmew they were injected into the
mitochondrial layer (A) and the transparent lay@). (n case of sperm injection into
lipid layer, the sperm head is not visible (B). &mormally fertilized embryo with two
PB (invisible in this focus) and three PN (D). ®cbar: 2Qum.
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Chapter VI
In vivo developmental ability of freeze-dried sperm injectd oocytes after

embryo transfer to recipients

Introduction

Because of the high fecundity of pigs, the needsekira offspring per breeding
female are less than in cattle breeding. Moreaberprocedures for embryo collection and
transfer mainly require surgical operation, leadiagembryo transfer technique in pigs
being developed only to a limited extend (Briissavale 2000). However, the increased
needs for transfer of porcine genetic material adahe world with minimal health risks and
low costs, lead to a stronger motivation to use nggvoduction technologies in breeding
and production in pigs. In embryo transfer techgglm pigs, three main techniques have
been performed and developed with more improvedaecy. Each technique has both
advantages and drawbacks as described below.

Surgical procedures for commercial applicationsehamly been used to a limited
extent. Gilts are often used as recipients bec#usg are easy to handle and tolerate
anesthesia and surgery better than sows. The embargdransfered in the oviducts or tip of
the uterine horns, depending on the developmetdgesof the embryos. On average, the
pregnancy rate is about 60%, and the litter siBeSpiglets, with a range from 17% with 2.4
piglets to 100% with 10.8 piglets (reviewed by Hager & Kemp 2001).

Endoscopic procedures for embryo transfer have degeloped also as done by
surgical procedures. Nevertheless, the endoscapaeg@ures require anesthesia and other
surgical precautions similar to those of the cotieeal surgical approaches, and are
therefore less applicable for use on individuairfsw

Nonsurgical embryo transfer was firstly reportedimjge & Day (1968). However,
the poor transcervical accessibility of the utesi;mion-estrous sows was mentioned as a
major problem for a long time.

In vivo matured oocytes and uterus-flushimgvivo derived embryos is the best
option for research in which the oocytes and embi/@ used as materials. Howevar,
vivo embryos collection offers the limited number of eyos and its cost for these
procedures is very expensive. Therefore, the usdgfgem has no high applicability and
practicality. Efforts to improve the developmentdility of IVM oocytes have been

continued indefatigably. To have large humbers mabeyos available, embryos may be
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producedin vitro by IVM-IVF and IVM-ICSI of oocytes collected fronovaries of
slaughtered pigs. Successful production of livégtsgpy those techniques has been reported
(Mattioli et al. 1989; Nakai et al. 2003, respeely; however, overall success rates are still
low.

The classical methods to select healthy embryosmiMF and ICSI conditions are
based on morphological criteria such as early eorbcycleavage, the number and size of
blastomeres, fragmentation degree, and the presd¢moalti-nucleation at the 4- or 8-cell
stages (Fenwick et al. 2002). However, most studiggest that embryos with proper
morphological appearance alone are not sufficeprédict a successful implantation. The
application of transcriptomic, proteomic and metaboc approaches have greatly
broadened our understanding of early human embeyeldpment. These hi-technologies
may ultimately lead to non-invasive evaluations daxcyte or embryo quality revealing
previously hidden information concerning developtaénompetences of both oocytes and
embryos (Assou et al. 2011) in the procedures difrgmselection for the embryo transfer
program.

Previous studies suggest that co-transfer of paopenetically activated embryos
(parthenotes) and embryos derived fromvitro fertilization to recipients helps to increase
the chance of pregnancy and supports for full-televelopment (King et al. 2002).
Parthenogenesis is the development of an embrymutipaternal contribution (Kaufman &
Sachs 1975). When they are transferred into theisitef a surrogate mother, mammalian
parthenogenetic embryo will develop to differemigets depending on the species but never
to term (Kono 2006). Parthenogenetic mouse blaste@puld develop only 11 daiysvivo
after the embryo transfer (Kaufman et al. 1977)e Tevelopment of parthenogenetic
embryos also ends at the 11 day of gestation intsafOnodera & Tsunoda 1989) and at 25
or 26 days of gestation in sheep (Loi et al. 1998). parthenogenetic oocytes derived by
various activation methods can develop to the naooublastocyst stage. Kurebayashi et al.
(2000) confirmed that parthenogenetic porcine dipembryos have the ability to develop
up to day 29 after transfer. Besides, parthenogeaetivation is used as a functional assay
of cytoplasmic maturation of oocytes and also oflye@mbryonic development. An
increased incidence of parthenogenetic activatipoaded oocytes was attributed in part to
the gradual decrease of MPF activity in porcineytex during prolonged culture (Kikuchi
et al. 2000). The aged oocytes cause the failuneaté PN formation and decreased embryo
viability after ICSI.
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The objective of this Chapter was to evaluateithevo developmental ability of
oocytes following ICSI with freeze-dried sperm hed@mbryo transfer has been carried out
in the effort to generate at least one live pigpowing ICSI using freeze-dried sperm and
IVM oocytes.

Materials and methods
Preparation of in vitro matured (VM) oocytes

Oocyte collection and IVM were conducted as presipulescribed (Kikuchi et al.
2002a). Briefly, ovaries were obtained from preptddecrossbred gilts (Landrace - Large
White - Duroc breeds) at a local slaughterhousetemsported to the laboratory at®G5
Cumulus-oocyte complexes (COCs) were collected fialfitles 2 - 6 mm in diameter in
Medium 199 in air (with Hanks’ salts) supplementgth 10% (v/v) fetal bovine serum 20
mM Hepes, 100 IU/mL penicillin G potassium, and @\d/mL streptomycin sulfate. About
40 to 50 COCs were cultured in 500 pL of maturatimedium for 20 - 22 h in four-well
dishes. The COCs were subsequently cultured foh 24 maturation medium without
dibutyl cAMP and hormones. IVM was carried out 8tG under conditions in which GO
O,, and N were adjusted to 5%, 5%, and 90%, respectivelterAYM, cumulus cells were
removed from oocytes by repeated pipetting in Medl®9 in air supplemented with 150
IU/ mL hyaluronidase. Denuded oocytes with the facar body (PB) were harvested under

a stereomicroscope and used as IVM oocytes.
Sperm collection, FD and rehydration

Sperm collection and FD were conducted as descpb®dously (Men et al. 2013).
Briefly, ejaculated semen was collected from a lkaod boar and transferred to the
laboratory within 1 h. After determination of theesm concentration, the semen was
centrifuged for 10 min at 900 x g at°80and the seminal plasma was removed. The pellet
was resuspended in FD medium containing trehalossvgsmed at 3, and the
supernatant was removed after centrifugation. Tired pellet was then resuspended in FD
media containing 0 or 15mM trehalose at a finalcemration of 4x1®cells/ mL. One
milliliter of sperm suspension was placed into adividual glass vial, then the vials were
covered with aluminum foil and placed in a refrager at — 88C for at least 4 h. The
aluminum foil was replaced by a rubber cap with Ibigaps between the cap and the vial,
and then they were placed in a FD system. The BDram was as follows: specimens were
dried primarily for 19 h at 0.13 hPa and secongdoit 3 h at 0.13 hPa. During the process of
primary drying, the shelf temperature was contrbl¢ - 36C and then increased to%8D
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during the last 1 h 20 min (0.%&/ min). After flushing with inactive Ngas, the vials were
sealed with rubber caps and further fastened vitmiaum caps. The freeze-dried samples
were transferred to a refrigerator and stored®@t dnder dark condition until usage. For
rehydration, the same volume (1 mL) of deionizatthstilled water was added to vials
immediately after opening the rubber and aluminwapscusing a decapper. The sperm
suspension was centrifuged for 2 min at 600 x gthadsperm were washed with PBS (-)
containing 5 mg/mL BSA, then resuspended in theeshuffer. The sperm suspension was
sonicated for several seconds to isolate sperm aeddkept at room temperature prior to
ICSI.

| CSI and oocyte stimulation

ICSI was carried out as previously described (Naddaial. 2006) with some
modifications (Men et al. 2013). Briefly, sperm wekept in IVC-PyrLac- Hepes-PVP.
About 30 IVM oocytes were transferred to a [#0-drop of Medium 199 in air. A small
volume (0.5pL) of the sonicated sperm suspension was transféoea 2pL drop of
IVC-PyrLac-Hepes-PVP. All drops were covered wistigffin oil. A single sperm head was
aspirated into the injection pipette, and injectei the ooplasm using a piezo-actuated
micromanipulator. ICSI was completed within 2 hieafehydration of freeze-dried sperm,
and sperm-injected oocytes were recovered in IV@-#&y for 1 h before electrical
activation. The end of injection was considere@ agostinjection. One hour postinjection,
the oocytes were transferred to an activation swilutonsisting of 0.28 M d-mannitol, 0.05
mM CaCp, 0.1 mM MgSQ, and 0.1 mg/mL BSA. Once the oocytes were sunkndihe
bottom of the drop, they were then stimulated aithirect current pulse of 1.5 kV/cm for 20
ps under the same condition for each group usisgnaatic hybridizer, then washed three

times and cultured in IVC PyrLac until the poolitng putative zygotes for embryo transfer.
Transfer of sperm injected oocytes to recipients

Estrus synchronization of the recipient gilts wasried out basically as reported
previously (Kikuchi et al. 1999b; Kashiwazaki et 2001; Nakai et al. 2003). In brief, an
intramuscular injection of 1000 IU of eCG (NihonrZ@ku Kogyo) and, 72 h later, an
injection of 500 IU of hCG (Sankyo) were given tonpregnant gilts (5—6 months old,
100-110 kg). Ovulation was expected at 40-45 In &feehCG injection. The embryos after
IVC were transferred to freshly prepared transfedimm, NCSU-37 solution supplemented
with 4 mg/ml BSA and 20 mM Hepes, adjusted to 28m#tkg. Sperm injected and
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stimulated oocytes were transported to the far8vdE in IVC PyrLac-Hepes. At 3 h after
stimulation, the oocytes were transferred to beidwurts of estrous-synchronized recipient
gilts, in which ovulation was confirmed. We alsotcansferred parthenogenetic oocytes
with the sperm-injected oocytes to all recipientintrease the chance of pregnancy (King et
al. 2002). Parthenogenetic embryos were genergtetebtro-stimulation with a direct current
pulse of 2.2 kV/cm for 3Qusec and incubated in IVC-PyrLac-Hepes supplementtid 10
ug/ml cytochalasin B at 3€ for 3 h.

Results

The data of trials of embryo transfer were showhahle 9. Some recipients showed
delayed estrus but returned their estrus on thensecycle (about day 560 after embryo
transfer). After 7 trials with the number of oocyteansferred from 96 to 120 per recipient,
the ability of ICSI-oocytes using freeze-dried spdo generate a live piglet has not been

demonstrated in this experiment.
Discussion

The ability of ICSI-oocytes using freeze-dried spéo generate a live piglet has not
been achieved after embryo transfer in this stDdyi-IVF oocytes were cultured for 36—48
h (Mattioli et al. 1989; Yoshida et al. 1993b; Fhashi et al. 1996; 1997) or 96 h (Day et al.
1998) and then transferred to recipients (2- teHllatage embryos or 8-cell to morula stage
embryos, respectively) in previous studies. Howgetle rate of embryo development to
piglets was very low. Later, viable piglets werscagienerated after transfer of IVP embryos
at the blastocyst stage (Marchal et al. 2001; Kikwet al. 2002a). However, prolonged
exposure of embryos im vitro culture medium is reported to decrease the sulesgequ
development of embryo, in other words; viabilitypafrcine IVP embryos is decreased with
increasing period of IVC (Kikuchi et al. 1999b). their study, the developmental rate to
fetuses for oocytes inseminated by IVF and transfewithout any culture was significantly
higher than for those transferred after cultureZérand 48 h (Kikuchi et al. 1999b). This
result is attributed to the sub-optimalvitro culture system. Considering this aspect, we
performed the embryo transfer soon after the congpl®f ICSI and oocyte activation.

Probst & Rath (2003) succeeded in producing liggeps for the first time following
ICSI using flowcytometrically sorted sperm with wih vivo matured oocytes but not IVM
oocytes. The authors demonstrated that low devedapahability of these embryos might

be related to insufficient IVM and IVC conditionénot necessarily to ICSI itself.
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Besides, oocyte quality, culture medium, embryodpmrtation process, number of
the transferred embryos, response of ovaries vatinbnes, ovulation status of recipients,
etc; all these factors influence the outcome of mmibransfer experiments. For instance,
recipients with high plasma progesterone conceatrator with numerous follicular cysts
were shown to have a reduced likelihood of remgimpregnant (Blum-Reckow & Holtz
1991). For embryo transfer medium, the parametach as pH, osmolality, temperature,
sterility and toxicity of transfer medium are imgant; the tolerance range of these
properties of embryos is often narrow. Besidesijllaton of pH can be detrimental on
embryo and fetal development and the use of buffarembryo transfer in procedures
performed outside the laboratory incubator is dail@n. Taken together, optimal
improvements of not only IVP system but also emhinamsfer procedures have a great
importance on offspring successful production. aithh desired outcome has not been
gained, we will continue some additional attemptthie future.

After several failed trials of embryo transfer, eansidered that embryo quality may
be one of factors affecting the survival of embrgéisr transfer; the experiments in Chapter
VII were conducted to compare the blastocyst quatitterm of cell numbers and DNA

fragmentation index among groups using differepesyof sperm.
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Table 9.Trials of transfer porcine oocytes after injectwith freeze-dried sperm

Trials Trehalose No of oocytes CB treated- Offspring
(mM) transferred Parthenotes
1 15 106 (77) 29 _
2 0 103(78) 25 -
3 15 105(80) 25 -
4 15 100(84) 16 -
5 15 96(72) 24 _
6 0 108(80) 28 _
7 0 120(96) 24 _

*Total number of oocytes transferred to one recipidnmber in parentheses is number of
ICSI- oocytes. Basic freeze-drying medium cont&@s A 50 mM in all groups. Tre 0 mM,
Tre 15 mM: basic freeze-drying medium supplemeted 15 mM trehalose. Day of ET is
day of ICSI.
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Chapter Vi

Detection of DNA fragmentation in blastocyst obtaied from IVM porcine

oocytes injected with freeze-dried sperm

Introduction

Apoptosis occurs as a normal phenomenon duringlaf@vent and aging. It acts as
a homeostatic mechanism to maintain cell populatiartissues and also act as a defense
mechanism when cells are damaged by disease ardgents (Norbury & Hickson 2001).
Using conventional histology, it is not always e&sylistinguish apoptosis from necrosis,
since they occur simultaneously depending on facddach as the intensity and duration of
the stimulus, the extent of ATP depletion and thailability of caspases (Zeiss 2003).
Necrosis is an uncontrolled and passive procedsushlly affects large fields of cells
whereas apoptosis is controlled and energy-depémahencan affect individual or clusters
of cells. Within the scope of this study, we onigadiss some points about apoptosis that had
been reviewed intensively in literature until now.

In mice, DNA fragmentation in nuclei of blastocyktss been shown to be related to
the method used for sperm lyophilization and theho of storage, and to be correlated
with a lower ability of lyophilized sperm to yieldastocysts after ICSI (Kawase et al. 2009).
Apoptosis even observed in rhesus blastocystslirdéisished from the reproductive tracts
(Ender et al. 1981). Therefore, physiological apejst is very important during various
developmental processes. In cattle, the occurrericapoptosis is dependent on the
developmental stage of embryos. It was observatdar8—16 cell, morula and blastocyst
stage embryos but not in the stages from the zygwtePN) before the 8 cell (Matwee et al.
2000). It is believed that apoptosis has to betliigiegulated since apoptosis may lead to
pathology or developmental defects (EImore 2007).

There are a large variety of assays available,ehoh assay has advantages and
disadvantages which may make it acceptable toarsenk application but inappropriate for
another application (Watanabe et al. 2002). Assessof embryonic cells with fragmented
DNA using the terminal deoxynucleotidyl transfer@bdT) nick-end labeling (TUNEL) is a
common method (Kressel & Groscurth 1994). It allomsitu assessment of DNA breaks in
the nuclei (Farber 1994).
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Interestingly, levels of cell death were similar ifiovivo andin vitro cultured mouse
blastocysts (Devreker & Hardy 1997). However, otlstudies in cattle and other
mammalian species determined higher apoptotic @sdin blastocysts produced vitro
compared to those developedivo (Fabian et al. 2005; Pomar et al. 2005), conclyithat
insufficientin vitro embryo production systems might increase apoptosis

It is known that total cell number of blastocydeafculture is related to the viability
of the fetuses (Kikuchi et al. 1999b). Additionalljardy et al. (2003) reported a high
apoptotic index in morphologically excellent humhlastocysts produceth vitro and
proposed thgbrogrammed cell death might play an important neleormal development.
Cell numbers and apoptosis levels are proposedsefuluindicators of developmental
potential of embryo (Neuber et al. 2002; EImore 00

The objective of this Chapter was to compare thadityuof the blastocysts in terms
of cell number and DNA fragmentation (apoptosidpoted by ICSI using different sources
of sperm: fresh sperm, frozen-thawed sperm, freemet sperm and in blastocyst obtained

by conventionain vitro fertilization.
Materials and methods
Preparation of in vitro matured (VM) oocytes

Oocyte collection and IVM were conducted as presipulescribed (Kikuchi et al.
2002a). Briefly, ovaries were obtained from preptddecrossbred gilts (Landrace - Large
White - Duroc breeds) at a local slaughterhousetemsported to the laboratory at®G5
Cumulus-oocyte complexes (COCs) were collected ffoliicles 2-6 mm in diameter in
Medium 199 in air (with Hanks’ salts) supplementgth 10% (v/v) FBS, 20 mM Hepes,
100 IU/mL penicillin G potassium, and 0.1 mg/mLegttomycin sulfate. About 40 to 50
COCs were cultured in 500 pL of maturation mediom20—22 h in four-well dishes. The
COCs were subsequently cultured for 24 h in maturahedium without dibutyl cCAMP and
hormones. IVM was carried out at°8@under conditions in which GOO,, and N were
adjusted to 5%, 5%, and 90%, respectively. Aftev)\¢umulus cells were removed from
oocytes by repeated pipetting in Medium 199 in @ipplemented with 150 1U/ mL
hyaluronidase. Denuded oocytes with the first pdlady (PB) were harvested under a

stereomicroscope and used as IVM oocytes.
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Sperm collection, FD and rehydration

Sperm collection and FD were conducted as descpb®dously (Men et al. 2013).
Briefly, ejaculated semen was collected from a lkaod boar and transferred to the
laboratory within 1 h. After determination of theesm concentration, the semen was
centrifuged for 10 min at 900 x g at°80and the seminal plasma was removed. The pellet
was resuspended in FD medium containing trehalossvgsmed at 3, and the
supernatant was removed after centrifugation. Tired pellet was then resuspended in FD
media containing 0 or 15mM trehalose at a finalcemtration of 4 x 10cells/ mL. One
milliliter of sperm suspension was placed into adividual glass vial, then the vials were
covered with aluminum foil and placed in a refrafer at —86C for at least 4 h. The
aluminum foil was replaced by a rubber cap with Ibigaps between the cap and the vial,
and then they were placed in a FD system. The BDram was as follows: specimens were
dried primarily for 19 h at 0.13 hPa and secongdoit 3 h at 0.13 hPa. During the process of
primary drying, the shelf temperature was contcblé —36C and then increased to 80
during the last 1 h 20 min (0.%&/ min). After flushing with inactive Ngas, the vials were
sealed with rubber caps and further fastened vitmiaum caps. The freeze-dried samples
were transferred to a refrigerator and stored®@t énder dark condition until usage. For
rehydration, the same volume (1 mL) of deionizatthstilled water was added to vials
immediately after opening the rubber and aluminwapscusing a decapper. The sperm
suspension was centrifuged for 2 min at 600 x gthadsperm were washed with PBS (-)
containing 5 mg/mL BSA, then resuspended in theeshuffer. The sperm suspension was
sonicated for several seconds to isolate sperm aeddkept at room temperature prior to
ICSI.

| CSI and oocyte stimulation

ICSI was carried out as previously described (Naddaial. 2006) with some
modifications (Men et al. 2013). Briefly, sperm wekept in IVC-PyrLac- Hepes-PVP.
About 30 IVM oocytes were transferred to a [#0-drop of Medium 199 in air. A small
volume (0.5uL) of the sonicated sperm suspension was transféoea 2pL drop of
IVC-PyrLac-Hepes-PVP. All drops were covered wistigffin oil. A single sperm head was
aspirated into the injection pipette, and injectetd the ooplasm using a piezo-actuated
micromanipulator. Ejaculated fresh sperm, frozeawtbd sperm and freeze-dried sperm
were used for injection. ICSI was completed witBim after rehydration of freeze-dried

sperm, and sperm-injected oocytes were recover®ddrPyrLac for 1 h before electrical
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activation. The end of injection was considere@ agostinjection. One hour postinjection,
the oocytes were transferred to an activation swlutonsisting of 0.28 M d-mannitol, 0.05
mM CaC}, 0.1 mM MgSQ, and 0.1 mg/mL BSA. Once the oocytes were sunkndibwe
bottom of the drop, they were then stimulated \aithrect current pulse of 1.5 kV/cm for 20
Ks under the same condition for each group usisgnaatic hybridizer, then washed three

times and cultured in IVC PyrLac.
In vitro fertilization (IVF) and 1'VC of porcine oocytes

IVF was conducted according to Kikuchi et al. (2Q0ZEpididymides from a boar of
the Landrace breed were collected, and epididymalns were collected and frozen
(Kikuchi et al. 1998). Sperm were thawed and praated for 1 h at 3T in Medium 199
adjusted to pH 7.8. The medium for IVF was a medifPig- supplemented with 2 mM
sodium pyruvate, 2 mM caffeine, and 5 mg/ml BSApdktion (10uL) of the preincubated
sperm was introduced into 9@L of fertilization medium containing about 20 COCs
surrounded by expanded cumulus cells. The finatnspeoncentration was adjusted to
1x10°/mL. Co-incubation was carried out at’@under 5% @ After co-incubation of the
gametes for 3 h, the oocytes were freed from theubws cells and attached sperm and were
transferred into IVC medium. The day of inseminatieas defined as Day 0. The basic IVC
medium was NCSU-37 medium containing 4 mg/mL BSA 88 mMpmercaptoethanol.
IVC was performed in IVC-PyrLac for the first tways and in IVC-Glu until day 6 at
38.5C under 5% @

TUNEL assay for detection of DNA fragmentation in porcine blastocyst

DNA fragmentation of blastocyst was detected byigisi combined technique for
simultaneous nuclear staining and TUNEL assay daugrto the procedures as descried
previously (Brison & Schultz 1997; Kajia et al. 200The embryos were washed four times
in PBS containing 3 mg/mL polyvinylalcohol (PBS-PY/Aand fixed overnight at 4°C in
3.7% (w/v) paraformaldehyde diluted in PBS. Afteafion, they were washed four times in
PBS-PVA, permeabilized in PBS containing 0.1% (viv)tonX-100 for 60 min, and
incubated in a blocking solution (PBS containing@@mL BSA) overnight at 4°C. They
were washed four times in PBS-PVA and incubatefluiorescein-conjugated dUTP and
TdT (TUNEL reagent; Roche Diagnostics, Tokyo) fdr 4t 38.5°C and 5% C(n air. As a
positive control, some embryos per TUNEL analysssenincubated in 1000 IU/mL DNase
| (deoxyribonuclease I; Roche Diagnostics) for 28 at 38.5°C and 5% Cand washed
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twice in PBS-PVA before TUNEL staining. As a negaticontrol, some embryos were
incubated in fluorescein-dUTP in the absence of. TAfTer that, the embryos were washed
three times in PBS-PVA and counterstained withu§OnL propidium iodide to label all

nuclei. They were then washed in the blocking sofyttreated with an anti-bleaching
solution (DABCO), and mounted on a glass slide@nered with coverslip. Labeled nuclei
were examined under fluorescent microscope. Twadsta filter sets were used for
detection of fluorescein isothiocyanate (FITC) ademission wavelength: 525 nm), and
for detection of propidium iodide alone (emissioamelength: 560 nm). The total number of
cells was determined by counting the red-staindldogepropidium iodide. The numbers of
apoptotic bodies were counted for each blasto®N#B fragmentation index of blastocyst
was calculated by dividing the number of total @ptip bodies by the total number of cells.

Statistical analysis

Data were expressed as mean + SEM. The perceratay@dre arcsine-transformed
(Snedecor & Cochran 1989) then subjected to oneAMYVA using R packages 3.0.1 (R
Core Team 2013). As the difference is found in geoby ANOVA, further analysis is
conducted by Tukey’s posthoc test using the R pgekaDifferences aP<0.05 were

considered to be significant.
Results

The number of cells and the amount of apoptosithénblastocyst are important
parameters of preimplantation embryonic developnaemt health. The data about these
parameters were shown in Table 10. Total cell nurobblastocyst obtained from the IVF
group was significantly higher (P<0.05) than thfveen the ICSI groups using freeze-dried
sperm or frozen-thawed sperm but did not diffemfriCSI group using ejaculated fresh
sperm. However, DNA fragmentation index of blasgidgp ICSI group using freeze-dried
sperm was significantly lower (P<0.01) compared hwitemaining groups. Two
morphologically distinct types of apoptosis wererfd during observation: the apoptotic
bodies (i.e. green-stained dots) and apoptotics ¢ett. green-stained cells) (Fig. 16 A’).
Results of the control staining of ICSI-blastocysire showed in Fig. 16. For positive
control, all the cells expressed strongly TUNELrstd-signals while no signal of TUNEL

staining was observed in negative control group.
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Discussion

DNA fragmentation in the blastocysts produced b$1I6Gr IVF using different types
of sperm was examined by TUNEL staining to asseg®yo quality. Our finding indicated
that DNA fragmentation index in blastocyst was diffierent between ICSI and IVF using
the same lot of frozen-thawed sperm. Nonetheles&nw CSI was used, the index in
blastocysts in the group injected with freeze-dgpdrm was significantly lower compared
with the groups injected with fresh and frozen-tedvwgperm. This is an unpredicted result
and not easy to explain. Our previous study (Meal.e2013) suggests that, although DNA
fragmentation level in freeze-dried sperm was s$iggmtly higher than those in ejaculated
fresh sperm, however; the result of fertilizatiomswnot different. For the subsequent
development to the blastocyst stage, higher blgstdormation rate was observed in fresh
group. In order to explain for this result, we sesgjgthat the quality of embryos, although
considered as fertilized normally, might be differbetween these two groups. Probably, a
higher proportion of normally fertilized oocytestime fresh sperm group would be able to
continue to development to the blastocyst stagdewthe oocytes in freeze-dried sperm
group would mainly arrest, leading to significanffetence in blastocyst formation rate.
However, once blastocysts were successfully forr@@th fragmentation originated from
sperm would not be a factor affecting the blastoaysality. This may be the most
reasonable explanation for interesting finding thpbptosis index of freeze-dried sperm
group was even lower than that of the fresh spewupmand other groups as well. Because
programmed cell death, as evidenced by DNA fragatemt occurs spontaneously and
frequently inin vitro produced system. Another evidence that cell nuipeeblastocyst was
not different between the fresh sperm and freemsdiperm groups following ICSI in this
experiment, also supporting for this argument.

One limitation of the TUNEL assay is that it onljopides a static picture of the
blastocysts at a specific time of development, nmgathat how long dead cells persist or
how fast they are cleared by phagocytosis is notkn(Nerber et al. 2002). Apoptotic level
was reported higher in the inner cell mass thatméntrophectoderm, probably due to the
regulation of the inner cell mass is more sensithan regulation of the trophectoderm,
since the inner cell mass will form the fetus (Newét al. 2002). In that article, the majority
(93%) of IVP blastocysts contained one or more &giapcells.

Total cell number of blastocyst obtained from IViegp was significantly higher

than those from the ICSI groups using freeze-dsigefrm or frozen-thawed sperm but did
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not differ from ICSI group using ejaculated fregesn. When frozen-thawed sperm were
used to fertilize IVM porcine oocytes, mean celinbers per blastocyst obtained from IVF
was significantly higher than those of ICSI usiihg same lot of sperm and same IVC
medium. One possible reason for decreased blastqagdity in ICSI group is that ICSI
procedures used injection medium containing PVemsel to be more detrimental to
embryo development compared with IVF group thatrdiluse PVP. Another possibility is
due to various sperm quality used for two thesenods. In IVF group, the strongest sperm
will have more opportunity to fertilize oocytes wheo-incubated with oocytes. However,
in ICSI group, the selection of one spermatozoomijexrt into one oocyte does not ensure
that the selected sperm are the best. We suppisseitiht also responsible for the different
blasocyt quality between two groups.

In conclusion, the results suggest that blastogqyatity in term of total cell number
and nucleus DNA fragmentation of blastocyst mightiot a reason for failure in embryo
transfer in this research. Further investigatiaiesreessessary to clarify the reason of failed
embryo transfer and to increase the opportunitiwefpiglet production by FD preservation
method.
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Table 10.Total cell number and DNA fragmentation indexmfitro produced porcine

blastocyst
No of Apoptotic bodies )
N Total cell number DF index
Group blastocyst  (TUNEL-positive N
_ (Pl-positive cells) (%)
examined cell)
ICSI-Fresh
26 7.31 39.9+3.3 188 +4.1
sperm
IVF-FT sperm 63 6.89 4404+ 2.5 15.8+2.3
ICSI-FT sperm 43 8.21 35917 22.8+3.0
ICSI-FD sperm 57 3.47 37&2.1 9.2+1.6

FT: frozen-thawed sperm, the same lot of sperniMBrand ICSI was used

FD: freeze-dried sperm, from 15 mM trehalose grosgd

PI1: propidium iodide

DF index: DNA fragmentation index: the number ofoptic bodies (TUNEL
positive-cells or dots) was divided for the totall ciumber

Two (fresh group) to five replicates were condudtethis experiment

Mean = S.E.M. are presented

2P values with different superscript letters withimetcolumn are significantly different
(P<0.05)

AB values with different superscript letters withiretcolumn are significantly different (P<
0.01)
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Fig. 16.DNA fragmentation in nuclei cthe blastocyst derived from free-dried
sperm.One bastocyst obtained from IVM oocytes injectedhwireez-dried
sperm showed mangpoptotic cellgarrow) and dots (arrowhead) (A and A
Positive (B and B’) and negative ntrol (C and C’) stainingf ICSI-blastocyst
obtained from frozethawedboar sperm. A. B ahC: red staining by PI; A", B
and C’: green staining by TUNEL. Scale bar:um
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Chapter VIl

General Discussion

Mammalian sperm preservation by FD has been comsides a safe and inexpensive
approach relative to cryopreservation in recentseléd has been developed with a major
concern because if sperm could be stored in adrdeed state without the loss of
fertilization ability, the cost for maintenance astdpping could be enormously reduced.

The FD preservation ignored the motility of spefrhe resultant sperm from this
technique are in the dry state, and able to stbreo@m temperature or in ordinary
refrigerator; however, ICSI must be used to intcalthese sperm into the oocytes to start
the fertilization process because they are motsmlmembrane-damaged or “dead” in the
conventional sense (Kusakabe et al. 2008).

EGTA chelates calcium, thus prevents DNA damagedad by endonucleases. It
has been used as an effective lyoprotectant (Kbsaké al. 2001; Nakai et al. 2007).
Besides, trehalose, a non-reducing disacchagdeund in a large amount in anhydrobiotic
organisms. Inspired by these survival schemestiur@amany studies have been conducted
on the protective effect of trehalose on differdmbmolecules, mainly proteins and
membranes (Crowe & Crowe 2000; Crow et al. 200Bgré&fore, we attempted to combine
both EGTA and trehalose in FD medium to examinér thygnergistic effect on DNA of
freeze-dried sperm.

In this thesis, the experiments in Chapter Il wegied out to investigate the effect
of supplement of trehalose into basic FD mediunD&A integrity of freeze-dried boar
sperm, fertilization and subsequent developmenVbf porcine oocytes. Firstly, various
concentrations of trehalose were included (from 6@ mM trehalose) in order to find the
optimal concentration for freeze-dried sperm DNAtpction. The results showed that the
groups supplemented with trehalose 7.5 and 15 mghifetantly decreased DNA
fragmentation in freeze-dried sperm compared withN) trehalose group. Then, we used
the concentrations for further investigations alfedilization at 10 h after sperm injection
and the developmental competence to the blast@tgge after 6 dayn vitro culture.
However, there were no significantly differencestérm of normal fertilization and
blastocyst formation among 0, 7.5 and 15 mM tretmlgroups. As a result, supplement of
trehalose at appropriate concentrations improvedADidtegrity but not improve
fertilization and preimplantation development. @asults were in aggrement with the result

of one previous study, showing that sperm with dggdeDNA did not affect fertilization by
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ICSI (Zini et al. 2005). The difference in DNA dagealevel of freeze-dried sperm between
0 mM and 15 mM trehalose group might be neutrallzg®NA repair capacity of oocytes
after fertilization as described in many previousdges (Brandriff & Pedersen 1981,
Genesca et al. 1992; Ashwood-Smith & Edwards 198f) et al.2013). Because all cells
except viruses and mature sperm, possess a vafietyzymatic mechanisms for repair of
damaged DNA. These complex DNA repair mechanismsiraportant for maintaining
genomic integrity and limiting the introductionmiutations into the gene pool. The findings
in Chapter Il raised us the question that whetherdifferent levels of DNA damage in
freeze-dried sperm induce the different exprestwals of DNA repair genes in oocytes
injected with those sperm after fertilization. Roasly, Harrouk et al. (2000) indicated that
fertilization with sperm exposed to a DNA damagaggent alters the expression of DNA
repair genes as early as the 1 cell stage in thereanplantation embryo. Our hypothesis
was that higher level of DNA damage in sperm wdekt to higher expression level of
DNA repair genes in oocytes. Then, hypothesisrtgstbout the relationship between DNA
damage in freeze-dried sperm and the expressiddbN# repair genes in oocytes was
conducted in experiments in Chapter Ill. Four gowere designated including matured
oocytes, matured oocytes injected with fresh spermd, freeze-dried sperm from 0 mM
trehalose and 15 mM treahalose group. Unexpectdyrelative expression level of DNA
repair genes in oocyted at 4 h postinjection diddiiter among all groups.

A study by Zheng et al. (2005) demonstrated thaADBpair ability of oocytes
correlates to the amount of maternal repair mRNAhia cytoplasm which accumulated
during the growth phase of oocytes and folliclesl eequired for completion of the meiotic
cell cycle. Therefore, amount of repair mRNA in gi@s might be also various depending
on stages of maturation. This argument leads tontheé experiment about the effect of
maturational stages on expression of DNA repairegefwo UDG and XPC) of six
investigated genes showed a significantly highezllef DNA repair genes in the M-Il stage
in relation to the earlier stage (M-I, GVL and Gdge). Two genedMSH2 and XRCC6)
with the increased tendency in expression of tigeses depending on maturational stages
were detected. These findings in this Chapter haveoriented significance for future
research. Because, within the scope of this wdr&, éxperiments to confirm whether
increased expression levels of DNA repair genesocytes caused by suboptimal VM
conditions or their accumulation have not been ootetl. If increased level of DNA repair
genes is confirmed to be caused by IVM conditidhs, efficient improvement of IVM

system can be achieved based on the expressiale moDNA repair genes. Because one
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previous study indicated that dysregulation of mgeyes occurs during IVM of human
oocyte (Jones et al. 2008). One of ideas for futlirection, to test the hypothesis, | think
about the establishment an IVC system in which tescyare subject to different stressful
factors (Q tension, CQ tension, incubation temperature, detrimental ageeneficial
agents), then the expression of DNA repair genaddMoe detected to find any differences
between the conditions. This idea also serveshigeneral objective; it is, to improve IVP
system since the use iofvivo matured oocytes is expensive and often impractical

In parallel, a series of experiments in Chaptersail V were performed to
investigate the effect of some treatments for spgmthoocytes, also in order to improve the
efficacy of embryo production following ICSI usindreeze-dried sperm. Some
improvements in embryonic development would be venportant in increasing the
opportunity of producing live piglets when freezgéed sperm and IVM oocyte are used. In
mice, removal of both sperm membranes and acrodmfae the injection procedure
improved the success of ICSI (Morozumi & Yanagima2B05). However, in pigs, our
results suggest that freeze-dried sperm treatdd Wit to remove acrosomal and plasma
membrane before ICSI did not increase the incideho@rmal fertilization. This result was
similar to the finding in a recent study, reportitigit disrupting or removing the sperm
membrane by TX pretreatment did not result in anifigant improvement in male PN
formation (Garcia-Mengual et al. 2015).

For the oocyte treatment, although oocyte centaifiog before ICSI facilitated the
visibility of sperm release in cytoplasm during IGf8ocedures, it did not improve normal
fertilization compared with no centrifugation grodp the experiments for evaluating the
effect of combination of centrifugation and electstimulation on fertilization by ICSI of
IVM porcine oocytes, sperm injected oocytes thatensubject to both centrifugation and
electric activation showed a significantly loweteraf normal fertilization than the group
without centrifugation. We concluded that oocytataéugation after ICSI have a negative
effect on fertilization of IVM oocytes. This reswas in agreement with the finding of Yong
et al. (2005) who reported that transformation fr@asperm head decondensation to a male
PN was delayed in centrifuged porcine oocytes coatpaith non-centrifuged oocytes. In
contrast, in cattle, Chung et al. (2001) reporteat tentrifugation of bovine IVM oocytes
has no detrimental effect on fertilization and ®dhgent early embryonic development. In
addition, Wei & Fukui (1999) also reported that greportions of bovine oocytes with two
PNs were higher when centrifuged oocytes were usednventional ICSI. On the other

hand, we also observed a significantly higher chteormal fertilization and a significantly
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lower rate of the oocytes entered to M-Il stagghegroups with electric activation applied,
irrespective of centrifugation. The result of thexperiment confirmed that electric
activation after ICSI in pigs is important for protimg the oocyte activation and male PN
formation as demonstrated in the studies of Nakal €003; 2006; 2007).

IVM oocytes injected with freeze-dried sperm headse reported capable of
growing to the day 39 after oocyte transfer (Na&tial. 2007). This is the highest
achievement obtaining abourt vivo developmental competence of IVM porcine oocytes
injected with freeze-dried sperm until now. Accompavith above experiments, we have
tried to produce live piglets from freeze-dried repeby embryo transfer into recipients
(Chapter VI). However, no full-term development efhbryos was observed from the
utilization of freeze-dried sperm and IVM oocytB&side the sperm factor, the imbalance
between nuclear and cytoplasmic maturation of IVddytes is most likely the main cause
for poor embryo quality and impaired postimplamatdevelopment compared withvivo
counterparts. Indeed, bovine IVP embryos showedaed pregnancy rates upon transfer
and increased incidence of abnormal offspringyvaseaced by high mortality rate and large
calves (Garry et al. 1996). Therefore, the improeetrabout not only in the number of
embryos reaching to the blastocyst stage but aldeir quality in order to better support for
fetal development upon transfer to recipients vem®mmended (Niemann & Rath 2001).
Current research is oriented towards minimizingribgative effect of IVC conditions on
quality of the resultant embryos. Suspecting thastbcyst quality may be one of factors
affecting the survival of embryo after transferg thext experiments was conducted to
compare the blastocyst quality in term of cell nenstand DNA fragmentation index among
groups using different types of sperm (Chapter \Apoptosis or programmed cell death is
regulated tightly since it may lead to pathologydevelopmental defects (Elmore 2007).
Cell numbers and apoptosis levels are proposedsefuluindicators of developmental
potential of embryos. Our result demonstrated ¢edtnumber of blastocyst obtained from
the IVF group was significantly higher than thosani the ICSI groups using freeze-dried
sperm or frozen-thawed sperm but did not diffenfriCSI group using ejaculated fresh
sperm. Even DNA fragmentation index of the blassteyin the ICSI group using
freeze-dried sperm was significantly lower companath remaining groups, suggesting
that blastocyst quality is not much different betwdCSI and IVF, between freeze-dried
sperm and frozen-thawed sperm. These data sugpartif argument that culture condition
rather than types of sperm or fertilization modeuldaaffect apoptotic index. It is reported

that programmed cell death, as evidenced by DN@nfientation occurs spontaneously and
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frequently in IVP system, resulting decreased Viigtnf porcine embryo in culture (Long et
al. 1998). Probably, other factors are respondibiethe failed outcome of ET. These
undefined factors will be the topics for continumggearch in future.

In summary, in this work, studies to improve DNAegrity of freeze-dried sperm
and early embryonic development of IVM porcine desywere conducted. Supplement into
FD medium with 50 mM EGTA and 15 mM trehalose resaln optimal protection for
sperm DNA after FD procedures. However, even spei integrity was maintained
better, normal fertilization and subsequent develept of resultant embryos following ICSI
were not different between 0 and 15 mM trehaloseigs. When the relationship between
DNA damage in sperm and expression of DNA repanegen oocytes is investigated, there
was no significant difference in expression of Difair genes among groups injected with
different types of sperm that showed the differlavels of DNA damage (fresh or
freeze-dried sperm). In general, treatments formspand oocyte in this study had no
promoting effects on normal fertilization of IVM ogtes following ICSI. Freeze-dried boar
sperm treated with TX at different concentrationd bt improve normal fertilization of
IVM oocytes. Any treatments to remove the spernmsip@ membrane seem to be not
necessary in case of freeze-dried sperm. NormiliZation rates were significantly higher
in the groups with electric activation than thoseithout electric activation, confirming the
importance of artificial electric stimulation to r@me ICSI-oocytes. In addition, normal
fertilization was significantly higher in the coaltrgroup (sperm injected oocytes were
electrically stimulated without centrifugation) cpared with the remaining groups and
centrifugation showed a negative effect on norreetllization in case of electric activation
and no effect on normal fertilization in case ofalectric activation applied. Besides, there
is still a problem in obtaining viable offspringsoin freeze-dried boar sperm and IVM
oocytes. In conclusion, the positive effect of &lelse on DNA integrity of freeze-dried
sperm provide important information for the improent of FD methods associated FD
medium; expand basic knowledge of FD associatedrsfi@NA damage in pigs. This
research also has contributions in practice silitevéuld greatly simplify the establishment
and management of biobanking. It also helps to miize the environmental costs arising
from the production and use of LN and other agésitfor maintenance of facilities of

cryopreservation system, especially in developmgntries.
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