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##4975583931: MAJOR THERIOGENOLOGY
KEYWORDS: /N VITRO FERTILIZATION/ROSCOVITINE/CULTURE MEDIUM/EMBRYO DENSITY/GENE
EXPRESSION/FELINE
THANIDA SANANMUANG: DEVELOPMENTAL AND MOLECULAR BIOLOGICAL STUDIES OF

IN VITRO PRODUCED CAT EMBRYOS IN DIFFERENT CULTURE SYSTEMS. THESIS ADVISOR:
PROF. MONGKOL TECHAKUMPHU, D.V.M., DOCTORAT 3e CYCLE THESIS CO-ADVISOR:
AISST. PROF. THEERAWAT THARASANIT, D.V.M., PIH.D., CATHERINE NGUYEN, PH.D., 100 pp.

EXP. | aimed to investigate the effect ol roscovitine (ROS) on the developmental competence of cat
oocytes matured in vitro. Groups of COCs were cultured in 0, 12.5¢25, 50,100, and 200 uM ROS for 24 h and were
either fixed to assess the stages of nuelear maturation or additionally matured /»n vitro for 24 h before fixation.
Cumulus cells from the COCs treated.with-ROS were examined for late-apoptosis. The developmental competence
of cat oocytes after ROS treatment and /n vitro fertilization was determined. ROS reversibly arrested cat oocytes at
an immature stage in a dose-dependent manaer. ROS at 12.5 and 25 puM demonstrated less efficiency to arrest the
oocytes compared with other doses. lHoweverghisher doses of ROS induced cumulus cell apoptosis and resulted in a
high number of degenerated oocytes aftewuin vigro.maturation (P<0.05). ROS at 12.5 and 25 uM, which gave rise to
the highest rate of mature stage (MI1)(P0.05), averc therefore used to evaluate their effect on embryo development.
Pretreatment with 12.5 and 25 nMeROS prior to in pi/ro-maturation decreased the developmental competence of cat
oocytes compared with non-R@S-treated controls (P<0.05).In eonclusion. ROS reversibly maintained cat oocytes at
the germinal vesicle stage without defrimental effgcron nuclearmaturation. Flowever, it negatively affected cumulus
cell viability and developmental gompetence; ,

EXP. 2 aimed to defige the affectsiof eulture media and culture volume incat embryos. Groups of 8 to 10
embryos were cultured in SO, modified fTyrode’s solution and MK -1 medium in different volumes (20-, 50- and
100-u! drops). SOF supplemented withidifferent cofcetitrations of glucose (1.5, 3.0 and 6.0 mM) was used to
examine the effect of glucose in‘culture medium on“embryo development. Quantitative polymerase chain reaction
was used to determine the relative transcriptsiof BAX, BCL-2 and GLUT-1 genes in blastocysts derived from
various concentrations of glucose [SOF' and MK-1 supporied feline embryo development better than modified
Tyrode’s solution (P<0.05). Embryos cultured in 20-{1l droplets'showed decreased development in all three media
(P<0.05). Increasing the glucose concentration—in-SOF to 6.0 mM adversely affected embryo development and
tended to increase the BCL-2 transcript insblastocysts (P<0.05). Iniconclusion, type of culture medium, culture
volume and glucose concentration affected therdevelopment of domestic cat embryos. Decreased culture volume (20
pl) and high glucose concentration (6 mM) negatively affected embryo development. The increase of anti-apoptotic
BCL-2 expression found in blastocysts cultured in“6.0 mM: glucose may prevent an increase of apoptosis. In the
present study, it was clearly, demonstrated that differential gene expression occurged in embryos with similar
morphology.

EXP. 3 aimed to | deierminestheeffects o embryo-density-andsnumbertonleline embryo development.
Embryos were randomly cultured in group (n=10 and 5) or singly in different medium.velume (12.5, 25, 50, 100 and
200 ul). They were examined for their developmental competence and fragmentation of blastocyst cell nuclei using
DNA labeling. Only expanded blastocysts acquired from different density and numbers were collected to examine
their mRNA transcripts of BAX, BCL-2 and HSP70 genes using quantitative polymerase chain reaction. Embryos
cultured in groups tended to develope better than those cultured singly. For group cultured embryos (n=10), embryos
acquired from low culture density“(1:5551:10 and 1:20) could develop better than those acquired from high density
(1:1.25 and 1:2.5)(P<0.05). Mgregver, fragmentation afithe blastocyst cetl'nucleitended, tosinerease in high culture
density. On the other hand, there was no significant difference of developmental competénce among embryos
cultured singly in‘varied'densities. Blastocysts derived from ‘high ‘culturesdensity (1:1.25)%also significantly up-
regulated BAX and"1ISP70 transcripts comparing with those of low culture densities (1:5 and 1:20) (P<0.05).
However, there was no significant difference in relative transcripts among varied embryo numbers (n=10, 5, 1)
culturedein fixed 200 pleculture medium. Inwconclusion, high density, negatively, affected the developmental
competence and up-regulated, pro-apoptotic (BAX) and stress response (I1SP70) transcripts=in embryos. This
highlighted the mechanisms used to protect the embryolagainst suboptimalculture condition.
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CHAPTER

INTRODUCTION AND LITERATURE REVIEW

1.1 Introduction

During the past few decades, ‘ﬁsmsted repro{{{&‘ﬂogles (ARTs) such as artificial

insemination (Al), embryo tran gamete c ion, in vitro embryo production
(IVP) and nuclear transfer (N CEhm-beeﬂ- usedd produeeﬂnd-ttg'opagate genetically superior
livestock. In companion an1 ologies have be phed for the international
trade of frozen semen or live imals and blome | research (Farstad, 2000). In
domestic cat, IVP techni i fvit, f rtilization ( , intracytoplasmic sperm
injection (ICSI) and nucle ' b en continually developed. Owing to the
similarity of reproductiv / gasily o*ntap} ble gametes, domestic cat has been used
felid spbcws esp ecially for wild cat conservation.

as a model for application of

Figure 1. Most of the!i'i‘ge_‘_wild felid spemeM ngered due to rapidly
decreasing of habitat area and hunting. Dom: een currently used as a model for
developing ARTs for wild cat conservation owing to the similarity reproductlve physiology
and easily obtainable gamg'eﬁ._.‘www hdw-inc.co arbledcatlg htm; www.yenra.com/pet-
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AlthoughdVP technique has been remarkably progressed in domestic cat, success rate of
embryo production is still lower than thatfof in vivo (Farstad, 2000). The problems usually

occurédiarg i bi tute’o ' i i tef performing in
vitro aturation, ell t ilure’ of 'in vitro ffertilized oocytes lop to
blastocyst stage when being cultured in vitro. Many studies revealed that only 40-60% of

immature cat oocytes resumes and reaches metaphase II (MII), and blastocyst formation rate
ranges from only 30-40% of immature oocytes (Farstad, 2000). Fundamental study of




contributing factors is required for the improvement of culture system and also for the implement
of the IVP technique in other felid species in the future.

& —

In vitro embryo production

> in domestic cat
o
Qocyte recovery - - Invitro culture
from follicles — '

¥

2-cgil ;,4-cell 8-cell Morula Blastocyst

i

Wy
idd

Embryo transfer to
| recipients

Figure 2. Schematic '- ¢ Of in vitro embiyo productic /P) sysien “The system involves
four main steps: oocytemérc_overy from the follicles; in vitro maturation_‘(.I.‘JM) of the oocytes; in
vitro fertilization (IVF) of ; the matured oocytes and in vitro cultu?é (IVC) of the embryos

(modified from Freitas and-Melo, 2010). L

Before festilizations, optimization of in avitro maturation«(IVM) technique plays a central
role in an improvement of embryo production. Quality of the oocyte per se is also recognized as
a potential factorsaffecting development competence of the cumulus oocyte complexes (COCs)
in several species. Although a large number of Grade II-III_cat COCs are normally obtained
during-isolation of thesCOE€s,theyrare usuallyydiscarded-sinee,theyrattains lower developmental
capacity than, Grade/l ' COCs (Wood and Wildt, 1997). In addition, functions of cumulus cells
also play a pivotal role during meiotic progression (Zhuo and Kimata, 2001; Yokoo and Sato,
2004). These cumulus cells regulate oocyte’s cytoplasmic maturation by providing metabolic
substances such as sugar, amino acids, and nucleotides (Farin et al., 2007). Normally, oocyte
maturation consists of nuclear and cytoplasmic maturation. The delay of cytoplasmic maturation



during in vitro oocyte maturation has been introduced as the cause of developmental
incompetence of oocyte. This cause is known to impair not only the ability of oocyte to perform
meiosis resumption but also the ability of fertilized oocyte to develop to blastocyst (Ajduk et al.,
2008). Of many strategies to improve cytoplasmic maturation of the oocyte, roscovitine (ROS), a
potent cyclin-dependent inhibitor of the MPF (M-phase promoting factor) activity that reversibly
inhibits meiotic progression, has been examined in many species (Mermillod et al., 2000).
Although ROS potentially inhibits meiotic progression” ofthe immature oocytes, subsequent
embryo development of ROS-treated oocytes has beenwariable among species studied (Hinrichs
et al., 2002; Han et al., 2006). It is therefore hypothesized that ROS may affect the
developmental competence of the oeeytes in a species-speeific manner. In this regard, using of
reversible meiotic inhibitor (roscowitineg) might be useful means of improving developmental
competence of cat oocytes; particularly for.poor quality COCs (Grade II-111).

After fertilization, embiyo culture system is also considered critically for the success of
IVP. Many factors such as'cultuze medium (Johnéton et al., 1993; Herrick et al., 2007), group
culture (Spindler and Wildt,#2002), / gas - atmosphere (Johnston et al., 1991) and culture
temperature (Johnston et aly 1991) affect the.developmental competence of embryos. There are
many types of culture media dgveloped for IVP in feline species (Kanda et al., 1998; Herrick et
al., 2007). However, the most suitable media is Va'ir_iable among the lab. Furthermore, embryo
density (embryo number: medium volume ratio) an_&_.t.he_._embryo number (single or group) are
also known as the factors affecting the developmenta:l competence of IVP in many species (Paria
and Dey, 1990; Gardner et al., 1994; O'Doheity ct aI:,fl 997, de Oliveira et al., 2005). Due to the
difficulty in obtaining wild cat 0ocytes, beneficial culture system requiring least number of
embryos and suitable culture condition for feline embryo should be examined in domestic cat.

Indeed, success of IVP can be justified from _en_rl_)i'yq quality. Normally, the quality of
embryos is determinedsfrom  their morphology and the success of GT. However, embryos
exhibiting the similar fCatures might have different developmental ‘campetence. Moreover,
success of ET depends on'many factors and a large number of embryos ate required in order to
produce acceptable result= Therefore, the conventional methods might not be sufficient for
evaluation of embryo quality (Lane and Gardner, 1996). Nowadays, molecular techniques have
been used for embryo evaluation. The techniques can clarify the abnormal gene expression and
protein products of in vitro “culture embryos and provide more clues to the effect of in vitro
culture on the embryos at the molecular level.

The objective of thissstudy was to 'determine the effect of various culture systems on the
efficiency of in vitro embryo production. Molecular techniques will also be applied to determine
gene expression patterns of embryos developed in varied “eulture systems. The knowledges
acquired from this studywould provide the information leading to generate the optimal culture
condition to improve both“phenotype ‘and molecular ‘characteristics' of=cat embryos. It would
contribute to the improvement of developmental competence of cat oocytes, define culture media
of choice, proper embryo density and the number of cultured embryos for the optimal feline
embryo culture condition. The examination of gene expression profile during embryo



development might help us understand the mechanisms that control blastocyst formation, assess
the normality of in vitro produced embryos and optimize the in vitro culture condition.

1.2 Literature Review

1.2.1. In vivo oocyte maturation

The oocyte maturation is the lengthen process which provides the oocytes with the
competence to be fertilized and undergo embryogenesis: Mest of oocytes in the ovary are small
and immature (arrested at diplotene stage of theifirst meiotic prophase: germinal vesicle (GV)
stage). In response to hormonal stumulus; some of them start to grow and mature, while the rest
become atresia (Hardy et al., 2000)Thesmaturing follicles provide a special micro-environment
to oocytes, so they acquirg the “prematuration™ or “capacitation™ (ultrastructural modification
that takes place in the oocytes of dominant folhcfps) enabling them to attain full developmental
competence. This process' congists fof nuclear and cytoplasmic maturation which occur
simultaneously. Nuclear matugation' is/the acquisition of competence to complete the meiosis
(meiotic competence). The oocytess would.undergo germinal vesicle breakdown (GVBD),
metaphase I, anaphase 1, telophase I'and arrest again at metaphase II (MII). Oocytes at MII stage
called secondary oocytes weould be ovulated and ‘f)e stimulated to complete their meiosis by
fertilization (Figure 3). Cytoplasmic maturatlon 18 the progess that allows the oocytes to undergo
normal fertilization and embryo development. THE !.morphologlcal and ultrastructural changes
taken place during cytoplasmic maturation’consist a'i?.p_hanges of oocytes and cumulus cells
interaction and also changes of organelle redistribu_l_ieél‘;‘.such as increasing level of kinase
activity, peripheral migration of mitochondsia, increasing number of golgi apparatus, peripheral
migration and attachment to the plasma membrane.of t:e)rtlcal granule (Gosden et al., 1997).

The major changes occurring during oocyte maturation are mainly related to activity of
two major kinases: M=phase promoting factor (MPF) and mitogen-activated protein kinase
(MAPK) (Figure 4). In domestic cat, MPF comprises of two subunits, ff)§4°d°2kinase and cyclin
B1. It is responsible for inducing spindle assembly, chromatin condensation and nuclear envelop
break down (Murray, 1994); MAPK activity is required for maintaining chromatin condensation
during meiosis I - II transition and prevents nuclear envelope formation (Murray, 1994).

Increased levels of these kinasesstrigger nuclear maturation by inducing the geminal vesicle
breakdown and ghromosomal condensation before the onset of metaphase Ty(Bogliolo et al.,
2004).
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Figure 3. Meiosis and meiotic spi!ndle_'.fbr}mation in odéidé§:‘The oocytes are normally arrested at
the last stage of prophase before entering:j:he pubel:_F,Ijn. this stage, the oocytes have a large
nucleus called the germinal vesicle (GV). After hormonal stimulation, resumption of meiosis I is
occured by GV breakdown followed by metaphase I (MI), in which a spindle forms and
homologous chromosomes—ahga—at—the—spmd}e—s—equafeﬁ%fter—aﬁ—ehmmosomes align at the
spindle equator, the oot:yte enters anaphase I (Al) and chromosomes start to separate, followed
by telophase I (TI) in which a polar body (1*' PB) containing half of chromosomes is extruded
from the oocyte. The complete of meiosis I is indicated by the extrusion of the first polar body.
Then, the oocyte re-organizessa second meiotic spindle and chromosomes re-align at the equator
of the spindle, and sthe oocyte~is arrested atymetaphase jll (MIl)=Meiosis=Il is initiated by
fertilization or| parthenogentic activation,” which causes segregation of] chromatids through
anaphase II (All)sand telophase I (TII) stages, and extrusion of the second polar body (2™ PB).
After fertilization, a female pronucleus (female PN) and a male pronucleus (malesPN) form in
the oeeytesy followedsby fonmationsof a*mitotic spindle,sallowingithe cocyte*(embryo)to enter
mitosis(modified from Wang and Sun, 2006).
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1.2.2. In vitro oocyte maturation

Although most in vitro matured oocytes are able to complete nuclear maturation, only a
few reach blastocyst stage. Since in vitro matured oocytes normally resume their meiosis
spontaneously after removal from their follicles despite the cytoplasmic maturation, incomplete
of cytoplasmic maturation is known as the cause of developmental incompetence of in vitro
matured oocytes. Bogliolo et al. (2004) also demonstraged that MPF and MPK activity is higher
in in vivo matured oocytes than in in vifro matured. ooevtes. suggesting a possible incomplete
cytoplasmic maturation after culture. Poor cytoplasmie'maturation is known to impair not only
the ability of oocyte to perform meiosis resumption but also the ability of fertilized oocyte to
develop to blastocyst (Ajduk et al., 2008).

Of many strategies t0 improve cytoplasmic maturation of the oocyte, roscovitine (ROS),
a potent cyclin-dependentifihibiter of ‘the MPF activity that reversibly inhibits meiotic
progression, has been examined insmany specie‘is (Mermillod et al., 2000). Most of studies
hypothesized that treatment of theé ogeyies with kinase inhibitor might allow them to undergo
cytoplasmic maturation during meiotic arrest and give rtise to the synchronization between
nuclear and cytoplasmic maturation. J/Although ROS potentially inhibits meiotic progression of
the immature oocytes, subseguent embryo development of ROS-treated oocytes has been
variable among species studied (Hinrichs et al., 2062 Han et al., 2006). For example, ROS did
not affect the embryo development in bovme (Mermlllod et al, 2000) but improve
developmental competence of equine oocytes (Hlnrlphs et al., 2002). In contrast, ROS failed or
adversely affected the blastocyst formation rate ih.r';goat (Han et al., 2006). It is therefore
hypothesized that ROS may affeet the-developmental competence of the oocytes in a species-
specific manner. The effect of ROS Has.never been stuehaed in domestic cat, so treatment of cat
oocytes in this kinase inhibitor might i Lmprove their cytoplasmlc maturation and give rise to the
improvement of their developmental competence after in vitro matugation, fertilization and
culture.

Quality of the oocyte per se 1s also recogmzed asa potentlal factor affectlng development
competence of the COCs+n several species. Although a large number of Grade II-II cat COCs
are normally obtained during isolation of the COCs, they are usually discarded since they attain
lower developmental capacity than Grade I COCs (Figure 5) (Wood and Wildt, 1997). In this
regard, using of reversible meiodtie inhibitor (roscovitine) might be useful means of improving
developmental competence of cat ocytes; particularly for poor quality COCs (Grade II-111).



Figure 5. Grades of cumulus oogyte €omplexes (CC_CS) derived from domestic cat ovaries, (a)
Grade I, excellent: oocytes contain a uniform, dark eytoplasm with spherical eccentric nuclei
surrounded with full complement of five ormorte layers of compacted cumulus cells, (b) Grade
II, good: oocytes contain a uniform, dark cytoplasﬁ_l' Wwith complete complements of corona
radiata cells, but fewer than five layers of cumulus cél_ié, (¢) Grade III, fair: oocytes lack
uniformity which is expressed as mosaic transparency of the cytoplasm; oocytes have nearly a
full complement of corona radiata and-some cumulus cells, but are not as compacted as higher
Grades, (d) Grade IV, poor: oocytes with severe mosaic transparency jor fragmentation of the
cytoplasm and sparse Cofliplements-of-corona-radiate-and-cumulus-oophotus cells, some nearly
denuded (modified from-Wood and Wildt, 1997).

1.2.3. In vitro embryo culture (IVC)

The success of IVF in terms of embryo and offspring production has been reported in
domestic cat (Geodrewe et al.,.1989; Gomez et al.,~2000): Although the.IVE.system has been
remarkably improved, the blastocyst rate from oocytes matured and fertilized in vitro is still
lower than thosey matured and fertilized in vivo (30-40% vs 50-70%, respectively) (Farstad,
2000). In vitro fertilization (IVF) is the téchnique developed to mimic normal, fertilization
processy outside sthe ;bady.slt s, thewprocedure that sperm are ¢e-incubatedy with, unfertilized
oocytes in proper condition to achieve fertilization. Fertilization rate ofi in vivo matured oocytes
is normally ranging from 60-80% and 40-60% of in vitro matured oocytes (Farstad, 2000).
Cleavage rate after fertilization of oocytes matured in vivo is ranging from 50-80% and 40-60%
of in vitro matured oocytes (Gomez et al., 2003; Pope et al., 2006a).



The developmental competence of embryos depends on the culture system such as culture
medium (Johnston et al., 1993; Herrick et al., 2007), group culture (Spindler and Wildt, 2002),
gas atmosphere and culture temperature (Johnston et al., 1991). There are many kinds of cultured
media such as Ham F-10 (Roth et al., 1994), Synthetic oviductal fluid (SOF) (Freistedt et al.,
2001), modified Tyrode’s balanced salt solution (modified Tyrode’s solution) (Gomez et al.,
2003) and modified Earle’s balanced salt solution (MK-1) (Kanda et al., 1998) known to support
feline embryo development. The component of these eulture media can differently affect the
embryonic morphology, metabolism, and gene expression«(Lane and Gardner, 1998; Niemann
and Wrenzycki, 2000; Crosier et al., 2001; Holm et al., 2002; Niemann et al., 2002; Rinaudo and
Schultz, 2004; de Oliveira et al.,, 2005; Gardner and Lane, 2005; Lane and Gardner, 2005).
However, in vitro feline embryo development following IVE ditfers greatly among laboratories
using a variety of culture media (Kandaetal., 1998; Freistedt et al., 2001; Gomez et al., 2003).
For example, blastocyst rate aequirgd from embtyo cultured in Ham F-10 medium is ranging
from 0-50% of cleaved embryos (Roth'etal., 19945_ Spindler and Wildt, 2002).

A sequential culture syStemsusing Tyrode’s balanced salt solution as the basal medium
(contains 137.0 mM NaCl, 2.7 mM KC1,5.6 mM glucose, 2.2 mM lactate, 0.36 pyruvate, and 1.0
mM glutamine) has been developed for feline 'species (Gomez et al., 2000). Supplementation of
this medium with 10% FCS fromuday 4 to 7 after I'IVF could produce 50% blastocyst formation
rate from cleaved embryos (Gomez et al,, 2000). Th_é'pergentage of blastocyst ranges from 30 to
40% of embryos cultured in SOF, while the blastocyst yield was increased (~60% of embryos)
after supplementation of growth factor in maturation. medium (Merlo et al., 2005). Using of
modified Earle balanced salt solution, designated MK-'_lf(ogqtains 116.4 mM NaCl, 5.4 mM KCI,
1.5 mM glucose, 1.8 mM lactate, 0.36 pyruvate, and l:g-lﬁM glutamine) supplemented with 10%
human serum yielded ~70% of cleaved embryos devcl_qp_i_ﬁg into blastocysts on day 6 after IVF
(Kanda et al., 1998). Y

Besides suboptimal embryo culture media, embryo density (embiyo number: medium
volume ratio) and number of cultured embryos (single or group) also affect developmental
competence and transcription of important related genes of in vifro preduced embryos (Spindler
and Wildt, 2002; de Oliveira et al., 2005). In mouse (Paria and Dey, 1990), sheep (Gardner et al.,
1994) and bovine (Ferry et al., 1994; O'Doherty et al., 1997), embryos cultured in groups and/or
reduced incubation volumes showed superior developmental competence than those cultured
singly (Paria andiDey, 1990; Lane and Gardner, 19923 Keefer ‘et al., 1994; Donnay et al., 1997;
O'Doherty et al., 1997) The.advantages of group embityo culture.on suboptimal.culture condition
are contributed to autocrine and paracrine, factors (O'Neill, 1997). However, the excessive
increase of embryo density might have negative consequence ‘on embryo development due to
improper pattern of gene expression reported in bavine species (de Oliveira et al., 2005).

In domestic cat, no blastocysts- were ‘produced after “culturing=in Ham+F-10=medium
(contains 126.7 mM NaCl, 3.8 mM KCI, 6.1 mM glucose, 0.11 mM lactate, 1.1 mM pyruvate,
and 2.0 mM glutamine) supplemented with 5% FCS (Roth et al., 1994). However, blastocyst
(50% of embryos derived from in vitro matured oocytes) could be produced from this medium
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when culture volume was reduced from 100 to 20 pl per 10 embryos along with changing the
culture medium every two days (Spindler and Wildt, 2002). Up to now, the comparative effects
of culture medium types and embryo density on developmental competence of cat embryos have
never been seriously studied.

1.2.4. Gene expression during embryo development

Normally, the quality of embryos is determined {romatheir morphology and the success of
ET. However, embryos exhibiting the similar featurés imight have different developmental
competence. This statement was supported fromy the failure of implantation after ET of most
transferred embryos (Farstad, 2000).«Nowadays, molecular techniques have been applied for
embryo evaluation. The techniquescould clarify the abnormal gene expression and protein
products of in vitro culturer€mbiyos and provide more clues to optimize in vitro culture
condition. \

The survival of thespre-implantation embryos depends not only on proper conditions for
normal development but also en meéchanisms by which embryos normally use to cope with the
stress. The ability of embryossto jresist the stress is regulated by the balance between
programmed cell death™ (apoptosi§) and protective’ mechanism of the cell. It has been
demonstrated that in vifro envirgnments alter the expressmn patterns of a number of genes
involving stress regulation’in eagly mouse and bovme embryos compared to in vivo controls (Ho
et al., 1995; Wrenzycki et al., 1998). Normally, cells can response to the stress via enzymatic and
non- enzymatic defense mechanism. According to the p';ﬂ'e.vious studies, embryos could synthesize
anti-stress protein so-called heat shock proteins (HSPs) to rpsolve the effect of stress and allow
cells to survive in suboptimal conditions. Streqs-mdueed expression of HSPs, particularly the
HSP70s, occurs when cells are exposed o heat ammq aC1d _analogues, heavy metals, metabolic
poisons and oxidative steess. '

Heat shock 70:kDa proteins (HSP70s) are molecular chaperones that participate in many

biological processes, such as modulating polypeptide folding, degradation and translocation
across membranes, and i)rotein-protein interactions (Figure 6). In addition to these roles under
optimal condition, stress can cause protein conformational problems (for example, heat shock
causes protein unfolding). Althouh chaperones can facilitate folding or refolding, often is not
possible. In such cases, chaperoiies can facilitate degradation, either by preventing aggregation
and keeping them susceptible” to proteolysis“or by“facilitating their fransfers to proteolytic
systems. This indicates.that-HSP70s plays«the lessential roles in-both normal.cell development
and protection against damage from stressors,
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Figure 6. Chaperones are a group pfotefhs that irl}eract‘ with various non-native polypeptides,
facilitating the acquisition of their ativefc(;tiformati; “when their natively folded and functional
structure (centre). Chaperone functions are .not res:j;?}c:tfﬁ to assisting protein folding and
assembly, but also to facilitate épmjrin degraﬁ_éitiﬁl}i through both proteasomal and
autophagasomal pathways (left), as-well as to stq%z‘g_;or_ destabilize interactions between
mature, folded proteins: (right). Productive folding occurs through a series of steps, and
chaperones are recycled'_; r polypeptide binding If foldingfarlsora gi)h&'foldable polypeptide
re-binds to the chaperong, the protein is degraded by the proteasome,.jg_.ll stochastic (passive)
manner (left). Some chapérones can also actively direct clients towards degradation (targeted
degradation). In addition, ‘chaperones can bind folded proteins and induce conformational
changes (right), thereby regulating protein—protein interactions and the functionality of protein

complexes (modified from Kampinga and Craig, 2010).

Inability to'maintain-the balance'between the survival and’death factors‘could initiate the
cascade of apoptosis signaling pathway leading to developmental blockage and cell death (Figure
7) (Betts and King, 2001). Apoptosis is an essential featureé of many normal processes and
pathological: conditionis, “and 'serves a variety of purposes, including tissue homeostasis and
remodelling, and the removal of unwanted cells (Wyllie et"al., 1980). It 'may result from
activation of an endogenous programme or be induced by stimuli (Hardy, 1999). Since cell death
occurred in the embryo could be a means to eliminate abnormal cells and cells with inappropriate
developmental potential (Hardy, 1999), the regulation of cell death during pre-implantation
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embryo development is considered the critical point for the development of conceptus (Betts and
King, 2001). Two members of BCL-2 family, BAX and BCL-2, play the important role in
embryo apoptosis. BAX promotes apoptosis, while BCL-2 promotes survival of the cells. For
this reason, the expression ratio of BCL-2/BAX can effectively indicate cellular sensitivity to
apoptosis (Wyllie, 1995).
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Figure 7. Apoptotic pathways. Two major pathways lead to apoptosis: the intrinsic cell death
pathway controlled by BCL-2 family members and the extrinsic cell death pathway controlled by
death receptor signaling. During embryo development, apoptosis are known to be occurred via
the intrinsic pathway. In this pathway, BCL-2 family proteins are main regulators and are
grouped into three subfamilies based on the number of BH (BCL-2 Homology) domains they
share. The first subfamily includes the anti-apoptotic proteins BCL-2, BCL-XL, BCL-W, MCL-1
and A1/BFL-1which possess four BH domains—BH I-4:"[he next two groups are pro-apoptotic
proteins possessing three BH (BH1-3) domains representcdiby BAX, BAK and BOK and BH3-
only proteins characterized by the presence of only the BH3 domain. Normally, various cell
death stimuli activate one or more.of BH3-only effectors that integrate and transmit the death
signal through the multi-domain BHI=3pro-apoptotic protemns, BAX and BAK. These proteins
will undergo conformational#activation leading to oligomerization at the outer mitochondrial
membrane resulting in subsequent release of pro-apoptotic factors. Normally, BAX protein is
directly responsible for the damage to the mit(ﬁ_chondria, but pro-survival family members,
especially BCL-2 (B-cell lymphoma protein 2) protein prevent the cell from this damage. The
activated BAX molecule could bg captured by.fiee pro-survival protein allowing cell to survive.
In contrast, apoptotic initiationsmight be occutred if the amount of activated BAX molecules is
greater than the amount of pro-surwival proteins (mq'ld_iﬁed from Zhang et al., 2005).

According to the previous statement, assessﬁiént ‘of stress-induced gene (HSP70), pro-
apoptotic (BAX) and anti-apoptotic (BCL-2) gene prbducts using quantitative RT-PCR might
provide further understanding of the -molecular regulation involved in preventing improper
embryonic cell apoptosis during embryo.development in vitro. The data acquired from the study
would determine embryo quality and help finding out the _O_Et_irpal in vitro culture conditions.

1.3 Objectives of the thesis ,
1. To evaluate thelefiect of specific cyclin-dependent kinase inhibitor (roscovitine: ROS) on
developmental competence of cat oocytes
2. To evaluate the developmental competence and gene expression of cat embryos cultured
in different types ot culture media and culture volumes
3. To compare developmental competence and gene expression of cat embryos cultured in
different density and numbers

1.4 Hypothesis
1. Inhibition of meiotic resumption with specific cyclin=dependent kinase inhibitor could
improve developmental competerice of cat oocytes
2. Cat" embryos+ acquire developmental~ competence and ‘pattern” of "gene expression
differently after culture in different media types and volumes
3. Embryos cultured in different density and numbers demonstrate the different
developmental competence and pattern of gene expression
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1.5 Keywords: in vitro fertilization, roscovitine, culture medium, culture volume, embryo
density, embryo number, developmental competence, gene expression, feline

1.6 Research merits:
1. The appropriate cultured condition fo fro embryo production in feline specie
2. The knowledge about the alteration of gene/expression pattern in embryos cultured in
specific conditions 7 ' ‘ F
3. Application of molecular t ol fortheembryo quality evaluation
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CHAPTER 11

THE EFFECT OF SPECIFIC CYCLIN-DEPENDENT KINASE INHIBITOR
(ROSCOVITINE: ROS) ON DEVELOPMENTAL COMPETENCE OF CAT
OOCYTES

2.1 Abstract

The developmental competence of cat ogeytes matured iz vitro is relatively poor when
compared with that of in vivo matured ococytes. The study aimed to investigate the effect of
roscovitine on the developmental cempetence of cat oocytes maturcd in vitro. Cumulus-oocyte
complexes (COCs) were classified as Grade [ and 11 to I1l. Groups of COCs were cultured in 0,
12.5, 25, 50, 100, and 200 pMaroscoviting for 24 h and were either fixed to assess the stages of
nuclear maturation (Expesiment ) or additionalfy matured /n vitro for 24 h before fixation
(Experiment II). In Experiment [II,,cumulus cells from the COCs treated with roscovitine were
examined for apoptosis. Experiment IV examined-the developmental competence of cat oocytes
after roscovitine treatment and in vigro . fertilization in terms of cleavage and morula and
blastocyst formation rates. R@scoyitine reversibly afr_ested cat oocytes at an immature stage in a
dose-dependent manner. Roscovitineg at 12.5 and 25_fHM_.dem0nstrated less efficiency compared
with that of other doses. However, higher doses of :iréscdvitine induced cumulus cell apoptosis
and resulted in a high number of degenerated oocyte.ri after in vitro maturation. Roscovitine at
12.5 and 25 pM were therefore used .o ecvaluate their effect on embryo development.
Pretreatment with 12.5 and 25 pM’ toscovitine prior t0 in vitro maturation decreased the
developmental competence of cat oocytes. compared w1th that of non-roscovitine-treated
controls. In conclusionyroscovitine reversibly maintained cat oocytes at the germinal vesicle
stage without detrimentalleffect on nuclear maturation. However, it negatively affected cumulus
cell viability and developmental competence.

2.2 Introduction

Domestic cat is considered a valuable model for assisted reproductive biotechnology in
non-domestic felids. However, the overall success of in vitro embryo production related to in
vitro maturation.in this species remains inconsistent=</n ‘wivo, mammalian ooeytes acquire their
nuclear and cytoplasmic/ matufation during  follicle growth (Fortune, 1994). The highly
competent dominant follicles are selected and will release oocytes at ovulation, whereas the
remaining follicles undergo atresia (Hagemann et al., 1999). In-¢entrast with the in vivo situation,
oocytes collccted for s vitro maturation originate from follicles at'various stages oi. their growth.
In parallel, they demonstrate relatively . poor developmental potential compared ‘with that of in
vivo matured oocytes (Farstad, 2000). The quality of the oocyte and cumulus cells is recognized
as a potential factor associated with its developmental competence, in terms of the capability of
oocytes to resume meiosis, to mature, and to be fertilized and develop up to blastocyst stage in
vitro. Cumulus cells surrounding the oocytes also play a critical role in their growth and
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maturation by providing nutrients and several signals into the oocytes (Zhuo and Kimata, 2001;
Yokoo and Sato, 2004; Farin et al., 2007).

In domestic cats, only 40% to 60% of immature oocytes reach metaphase Il (MII) in
vitro, while blastocyst formation rates of 30% to 40% from in vitro matured oocytes can be
achieved (Farstad, 2000). Understanding the mechanism that regulates oocyte maturation thus
plays a central role in the optimization of in vifro maturation technique and in the improvement
of embryo production. Until recently, although the exact pathway that regulates the
developmental competence of cat ooeytes is unclear, the M=phase promoting factor (MPF) and
mitogen activated protein kinases (MAPK) have been shown to actively induce meiotic
progression (Bogliolo et al., 2004).~Of the many strategies to improve the cytoplasmic
maturation of the oocyte, two-stegprculttire using MPE inhibitors, such as butyrolactone and
roscovitine, has been developed to_increase the developmental competence of immature oocytes
from immature follicles. The fisst step 1avolves théf inhibition of the germinal vesicle breakdown,
and the second step aims g0 stimulatgithe ¢ompletion of nuclear and eytoplasmic maturation of
the oocyte. This technique in€reased significantly the meiotic competence of cattle oocytes
isolated from small antral follicles (Pavlok et.al.,.2000). Roscovitine, a potent cyclin-dependent
inhibitor of the MPF activity that reversibly inhibifs meiotic progression, has been examined in
many species such as boving (Mermillod et al., 2060 Ponderato et al., 2002), goat (Han et al.,
2006), and pig (Krischek and Meginecke, 2001: Schoevers et al., 2005). Although this effect does
not compromise the establishment of pregnancy or fetal development during organogenesis
(Ponderato et al., 2002), in vitro embryo,developniem’}_gf roscovitine-treated oocytes has been
variable among species studied (Mermillod- et al., 2000; Hjl}richs et al., 2002; Han et al., 2006).
It is therefore hypothesized that roscovitine may affecvt—the in vitro developmental competence of
the oocytes in a species-specific manner. :

In this regard, “prematuration with roscov1t1ne has to be evalnated as a means of
improving the developmicntal competence of cat oocytes, particularly fOr poor quality cumulus-
oocyte complexes (Grade I to III). This study aimed to examine the effect of roscovitine on cat
oocytes, specifically on-—meiosis inhibition, cumulus cell apoptesis, and developmental
competence after in vitro fertilization.

2.3 Materials and methods
All chemicals were purchased from " Sigma=Aldrich’ (St.” Louis, MO, USA) unless
otherwise indicated.

2.3.1 Oocyte recovery

Ovarics were eollected from domestic cats after ovariohysterectomy and-tiansported to
the laboratory'in NaCl 0.9% in deionized water supplemented with"100 Td/ml penicillinsand 100
mg/ml streptomycin. Within 2 h, the ovaries (Figure 8) were washed and placed in holding
medium (HM) consisting of HEPES buffered M199, 1 mM sodium pyruvate, 2 mM L-glutamine,
100 TU/ml penicillin, 100 pg/ml streptomycin, and 4 mg/ml bovine serum albumin (BSA;
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embryo tested). Cumulus-oocyte complexes (Figure 9A) were recovered by ovarian mincing in
HM and then morphologically classified at x 40 magnification using a stereomicroscope
(SMZ645; Nikon, Tokyo, Japan) as described (Wood and Wildt, 1997). In brief, Grade I COCs
were typified by the oocytes being completely surrounded with more than five layers of
compacted cumulus cells and containing a hom i eneous-darken ooplasm (Figure 9B), while

Grade II to III COCs had irregular pale ooplasm su ed with fewer layers of compacted
cumulus cells (Figure 9C). - \ IS/

f -'..!.7 \
Figure 8. Cat ovaries derived from: vand’.l Ste ez:- omized domestic cats were collected in HM
(holding medium) before ovarian'minging (A _),, -

2.3.2 Oocyte culture

Groups of 20 to30 CC in 500 pl C.in viftro maturation medium
(NaHCO3-M199 sup --’*'“""'"""““'"'I““‘”’— " “ mMVLL-glutamine, 100 IU/ml
penicillin, 100 pg/ml st 4 7 \ ﬂ ovitine at different

concentrations (0, 12.5, 257 50, € ¢, Roskilde, Denmark).
After this prematuration,@5 roscovitine, in vifro maturation was (mjformed at 38.5°C in a
humidified atmosphere w1th % CO; in air for 24 h in an IVM medium (basic in vitro maturation
medium supp ﬁl;ted wit (ﬁ IU/ml recombinanf human follicle stimulating hormone

RO
ARIAN TN INYAE
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i

Figure 9. Cumulus oocyte<complexs (COCs) (black arrw) are charaeterized by the oocyte (red
arrow) surrounded with cum‘&u ells (blue arrow) ( rade I immature COCs (B) and Grade

[I-IIT immature 178 g for 24 h, the
matured oocyte a';’ea w W ﬂou ﬂ he_ oocytes.

2.3.3 In vitro fertl ization

o, W’W Nrataib T plon oy slgro

modlﬁcqmns In brief, groups of 5 to 10 oocytes were transferred to 50-ul droplets of IVF
medium (Tyrode’s balanced salt solution containing 1% (v/v) MEM nonessential amino acids
(NEAA), 6 mg/ml BSA, 100 IU/ml penicillin, 100 pg/ml streptomycin, 30 mg/ml heparin, 1 mM
L-glutamine, 0.36 mM sodium pyruvate, and 0.11 mM calcium lactate) (Pope, 2004). The semen
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used in this study was collected from two fertility-proven tom cats and then frozen according to
Rota et al. (1997) with minor modifications. In brief, cats were anesthetized with 0.04 mg/kg
atropine  sulfate (A.N.B. Laboratories, Bangkok, Thailand), 3 mgkg xylazine
(Laboratorioscalier, Barcelona, Spain), and 10 mg/kg ketamine hydrochloride (Gedeon Richter,
Budapest, Hungary). The semen was collected by electroejaculation (Zambelli and Cunto, 2006).
The semen was cryopreserved by placing the 'strle , horizontally 4 cm above liquid nitrogen
vapors for 10 min and then plunging into liquid nit tfjidore in vitro fertilization (IVF), the
semen was thawed at 70°C for 6 see. After thawing; 1 Mwas subjectively evaluated, and
only sperm that had more than SWp:'rogressivwotility vv_'e???é'eg for the in vitro fertilization.

The oocytes were co-culture:l-;wli_t.l;,dae—s’perm at a final coneentration of 0.5 x 10° sperm/ml for

approximately 18 h. /

Figure 10. Fresh semen collétted: from proven tom was.collected in liquid nitrogen until use (A).
The frozen-thawed semen’was wdrh'éd Tn'th IVH médium twide' befort ihcirbatién with matured
oocytes (B). | ) | g rii g ri T | C

.j'l

2.3.4 Embryo culture - ..

e Affét‘"ihe o:ﬁ'&ut_)éjrioﬁ bf oodyt and sp'&iﬁ“r_h;, 'i)résﬁrqptﬁé sz-{gote's wére |dénuded by
pipettih'é_, wés'hed,c[and cultured in 50-pl'dropléisiof synthetic dviductal fluid (SOF) containing 4
mg/ml BSA, 100 mg/ml streptomycin, and 100 IU/ml penicillin (IVC-1 medium). After
incubation for 24 h in the IVC-1 medium, the embryos were washed and cultured in IVC-2
medium (SOF containing 10% (vol/vol) Fetal calf serum (FCS) (Gibco, Invitrogen, CA, USA)).

In all cases, in vitro culture was performed at 38.5°C in a humidified atmosphere with 5% CO,.
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2.3.5 Assessment of nuclear status and embryo development

To evaluate nuclear status after pretreatment with roscovitine and in vitro maturation, the
COCs were denuded, fixed in 4% (wt/vol) paraformaldehyde, and stained with fluorescent DNA
labeling (4’°,6-diamidino- 2-phenylindole; DAPI). Cumulus-oocyte complexes were fixed in 4%
paraformaldehyde and kept at 4°C for 2 days before staining procedure. They were stained with 1
pg/ml DAPI in PBS at 37°C for 10 min. The oocytes were then examined for their nuclear status
using an epifluorescent microscope (BXS51; Olympus, Shinjuku, Japan). The nuclear status of the
oocytes was classified as the germinal vesicle (GV), metaphase I (MI), and metaphase II (MII)
stages. The GV oocytes were classified by thel oocytes that had a single mass of diffuse or
condensed chromatin configurationssconfined within a specified arca (germinal vesicle) (Figure
11A). Metaphase I (MI) wasselassified as one set of chromosome aligned at the metaphase plate
in the ooplasm (Figure 11B), while metaphase 11 dA(MII) was classified as the ooplasm contained
one set of aligned chromesome at metaphase plate with an extrusion of the first polar body
(Figure 11C). The oocytes displayed: with the scattered chromatins or containing with no
chromatin materials in ooplasm were classified as.degenerated (Figure 11D) (Han et al., 2006).
Oocytes exhibiting a germinal yesicle, germinal vesicle break down or metaphase I were termed
immature, while oocytes in metaphase I were corfsidered mature (Johnston et al., 1989). The
percentage of cleaved embryos (2'to 16 cells), morul_a;' (16 ,0or more cells without blastocoele), and
blastocysts (>50 cells with blastocoele formation) w..ef'e evaluated on day 2, 5, and 7 of in vitro
culture (IVC), respectively. Numbers of ,embryoniéJﬁuc;lei in embryos were evaluated using
DAPI staining. ok il

2.3.6 Assessment of apoptosis in cumulus cells and _o_o_cy_tég "

After in vitro culture for 24 h in roscovitine, COCs weré'washed-in phosphate-buffered
saline (PBS), and cumulus cells were then separated from the oocyies. Triple staining technique
was used to determine \fiable, dead, and apoptotic cells. Pools of cumulus cells from 5 COCs
were incubated with 4 mM ethidium-homodimer-1 (Molecular Probes-Invitrogen, Oregon, CA,
USA) for 5 min at 37°C to detect any cell death. After washing and centrifugation, cumulus cells
were smeared on silane-coated slides and then fixed overnight in 4% paraformaldehyde.
Detection of DNA fragmentatiofi'(late apoptosis) was performed by Terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP "nick “end “labeling (TUNEL) "assay (In™Situ Cell Death
Detection Kit; Roche;"Mannheim, Germany) following the manufacturer’s insiructions. Briefly,
the slides containing cumulus cells were washed twice in PBS and incubated with a mixture of
TUNEL reaction (TdT enzyme and nucleotide mix) for 1 h at'37°C in a humidified chamber. The
cumulus cells were counterstained with 1 pug/ml DAPI. Cells positive. to only“lUNEL were
classified as"apoptotic, and cells” pesitive™to ethidium-hemodimer=l or both ‘ethidium-
homodimer-1 and TUNEL were classified as dead cells. A total of 3,000 to 5,000 cumulus
cells/slide (three replicates per experimental group) was randomly counted.
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Figure 11. Nuclear statuscs of oocytes after DAPI labeling under epifluorescence microscope
(BX51; Olympus, Shinjuku, Japan) at a magnification x 400. They wete.classified as germinal
vesicle (GV), metaphase I'(MI), and metaphase II (MII) stages. (A) GV stage was classified by a
single mass of diffuse or.condensed chromatin configurations confined within a specified area
(germinal vesicle), (B) MI stage was classified as one set of chromosome aligned at the
metaphase plate in.the ooplasm, (C) MII stage was classified as the ooplasm contained one set of
aligned chromosome at metaphase plate with; an extrusion of the first polar body. Oocytes
displayed with scattered chromatins or containing ‘with no chromatin materials'in ooplasm were
classified as degenerated (D).

2.3.7 Statistical analysis

Three to four replicates were performed in €ach experiment. Results were expressed as
mean + standard error of the mean (SEM). Differences among groups were assessed by the one-
way ANOVA statistical test and Duncan analysis. Differences with P<0.05 were considered
statistically significant.



22

2.3.8 Experimental design

Experiment I: Effect of roscovitine on the meiotic arrest of cat oocytes

Groups of 20 to 30 Grade I and II to III COCs were cultured for 24 h in a basic
maturation medium containing different concentrations of roscovitine (0, 12.5, 25, 50, 100, and
200 uM).

Experiment II: Effect of roscovitine on the nuclear maturation of cat oocytes

This experiment was performed similarly to Experiment I but, after washing three to four
times in roscovitine-free medium, the €OCs (Grade I and Ii-to I1l) were matured in vitro in IVM
medium for 24 h. The reversibility ef meiotic inhibition was analyzed.

Experiment III: Effect of rosgovitine on cumulus cell apoptosis

To determine the effect of rescovitine oﬁ the wviability and apoptosis of oocytes and
cumulus cells, Grade I COCs.awere/ingubated with different concentrations of roscovitine as in
Experiment I. Oocyte/cumulus cells were subsequently stained with ethidium-homodimer-1 and
TUNEL. .‘. :
Experiment I'V: Developmental competence of ros}pyitine-treated cat oocytes

After 24 h of roscovitine incubation and subs;;(iuerit washing, the COCs were matured for
24 h and in vitro fertilized. Cleaved embryos wefe‘a"'_rec;orded at 48 h after fertilization, and
noncleaved embryos were removed from the culture. O_n'dq,}g 5 of IVC, the number of embryos at
morula stage was recorded. Blastocysts-at-day 7 weré:ﬁiéd and stained with DNA labeling to
count the total cell numbers. For:the ‘controls, _o_o_cy:cés_ were matured in I[IVM medium
supplemented either with or without 25 ng/ml epiderrhaf growth factor-(EGF) (Merlo et al.,
2005). Epidermal growtli factor, known to enhance cytoplasmic maturation of oocytes, was
additionally used as positive control.

2.4 Results

2.4.1 Experiment I: Roscovitine-induced meiotic arrest of cat oocytes

A total of 404 Grade I'and 415 Grade I to T eat COCs were used in this study. All
roscovitine concentrations' significantly arrested cat oocytes at the GVistage in.a dose-dependent
manner, which was significantly greater than that in the controls (0 uM roscovitine). For Grade I
COCs, a large number of oocytes cultured in the presence of‘roscovitine (50, 100, ‘and 200 uM)
arrested at the GV stage (%0GV: 85.7+ 4.4, 8771 £ 3.8,,and 75.9 £ 4.7, respectively). These were
significantly greater than those obtained with roscovitine at 12:5 and' 25-uM (%GV: 42:6 + 6.7
and 67.6 £+ 5.8) (Figure 12A) (P<0.05). Similarly, all concentrations of roscovitine were capable
of arresting Grade II to III COCs at the GV stage (Figure 12B). The degeneration of Grade I
COCs was significantly decreased in a dose-dependent manner (P<0.05), whereas the
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degeneration rate of Grade II to III COCs did not significantly differ among roscovitine
concentrations (12.5, 25, 50, and 100 uM). In both cases, the highest concentration of roscovitine
(200 uM) contributed to the increasing rate of oocytes degeneration (P<0.05).

Grade | cat oocytes Grade IlHll cat oocytes

100+ caGv

B2 Deg
oI Mi+Mil

(=]

A Experimental g F I L ‘1 Fy Experimental groups

Figure 12. Percentages at the GV ‘stage (GV) met hase I stage (M), metaphase II stage (MI),
and degenerated oocytes (Deg) after culture for 24 h 1n basic maturation medium containing
varied concentrations of I‘OSCP{IIUIIC (A) Percentagé of Grade I cat oocytes obtained from
different roscovitine concentrations; (B) pereentage of Qrade II to III cat oocytes obtained from
different roscovitine concentrations. “>* Different super’sorjtpts within the graph denote values of
%GV among the experimental groups ‘thau:hffer mgmﬂcantfy ROS= roscovitine
2.4.2 Experiment II: Revers1blllty of r0sc0v1t1ne lndluceﬁt meiotic arrest

A total of 365 Grade I and 387 Grade II to HII cat COCs vé werg used in this study.
Generally, COCs treated )Nlth roscovitine for 24 h were able to resume r_r_;blosw and reach MII.
Grade 1 COCs matured—in IVM medium resumed and reached the MII stage in greater
proportions than Grade II to III COCs (%MIL: 741" £7°6.0 and 47.1 £ 6.0, respectively). The
COCs treated with 12.5 and 25 uM roscovitine gave significantly hlgher rates of MII stage
oocytes (%oMII: 63.3 + 6.2 and 50:9 + 6.8 for Grade ['COCs (Figure 13A); 47.1 + 6.1 and 33.8 £
5.9 for Grade Il to [T}, COCs (Figure‘13B); respectively) than these treatéd withyother roscovitine
concentrations (P<<0.05): MII ratcs were Significantly reduced .in' 100 and 200 puM roscovitine
groups compared with those of other roscovitine concentrations. MII rates obtained with 12.5
and 25 uM roscovitine treatments were comparable with‘those obtained from«non-treated
controls (P=0.05).
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Grade | oocytes Grade II-lll oocytes

100+ Ml

B GV
[0 Deg

% oocytes
[4.]
[=]

Figure 13. Percentages enerate oocytes (Deg)

after roscovitine removal an matured in IVM medium

without roscovitine prei f Grade I cat oocytes
obtained from different rosco Grade II to III cat oocytes
obtained from different r MI stage oocytes were
excluded in this figure. ** Differen note values of %MII among

2.4.3 Experiment III: Roscovitine-i ,
Prior to oocyte culture, DNA on=(i f‘_ apoptosis) of the oocyte and cumulus

5.0, 117 + 6.2, 289 +DT358kamciificand 35-for-0s42:55 25:150, 100, and 200 pM

)’ (Fi; affect oocyte viability
and apoptos1s (0% dead a1} pop i
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Figure 14. Cumulus.cell assessment using DAPI, ethidium-homodimer.and. TUNEL staining.
(A) Total cumulus cell counter stained with DAPI, (B) dead cumulus cells, positive only to
ethidium-homodimer "~ (arrowheads), (C) "apoptotic cumulus ¢€lls positive only to TUNEL
(arrowhead), (D) the same microscopic viewsof cumulus cells under bright-field visualization via
light microscepe~Scale bars,=20 pum.
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1004

% apoptotic cumulus cells

oscovitine treatment for

(ment served as controls. ROS

Figure 15. Percentage o
24 h. Cumulus oocyte comp
= roscovitine

2.4.4 Experiment I'V: Dev streated oocytes

it

Due to the highest 1 Ath 12.5 a -‘ 25 uM roscovitine, these
concentrations were selected t0 assess the ?ﬁt of teseovitine ¢ developmental competence
of cat oocytes (Grade I and II to . ......... L mentation of the IVM medium with 25

ng/ml EGF, known to enhance reby increasing the developmental
competence of oocytes (Merlo et al 05);-g¢ est developmental rates (% cleavage:
65.3 + 5.5 and 42.5 + 5.5; % blastc Sles + 5.5and 15.0 & 4.0 for Grade I and II to IIL,
respectively) compared. with el eated groups (P<0.05;
Figure 16; Table 1-2)..Prematur: ation—of —the—00i vitine did not improve

cytoplasmic maturation'e 1l ot ined from Grade I and II to
IIT oocytes exposed to 12 5and 25| o 1cntlcﬁ;wer than those of non—
roscovitine-treated group (% blastocyst: 4.1 + 2.3 and 7. 5 + 2.9 for eland 1.4 £ 1.3 and 0

for Grade II to III COCs treat‘d ith 12.5 and 25 uM Wowtme respectively) (P<0.05).
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Figure 16. Light microscope appeararice-of cat erﬂ*bryes at cleavage (A), morula (B) and
blastocyst (C) stage on day 2, 5 and 7 respectively derived from OOCytes cultured in IVM

medium supplemented: m&%—ng;‘m—l—EG—F—ﬁmgm—ﬁcaﬁfm—x—lﬂej‘—tB),cat embryo after DAPI
labeling under eplﬂuorescel_lce (magnification x 400). Scale bars: (A-C) _H)O pm; (D) 50 pm.

Table 1. Developmental competence of cat oocytes (Grade I COCs) after in vitro fertilization
and embryo culture

Pereentage (%) total

G Cl Total cell
o N e(zl/v;l 5 oocytes developed to: I?u?nlf:r
Prematuration i vitro maturation ° Morula  Blastocyst
None rhFSH 79 #37.9+£5.5° 316+£52° 20.2+4.5° 5 260+57.5
ROSA2:5 uM « thESH 2Y RS0 M GN 0 HEY Y B ELLS
ROS 25 uM thESH 80 4130:0450°] 20.0#4.5% | [7.5+:2.9° 147126.67+47.6
None rhFSH+EGF 75 65.3+5.5°  61.3+£5.6° 36.0+5.5¢ 148+76.9

rhFSH= recombinant human follicle-stimulating hormone; EGF= epidermal growth factor
&b Values within columns with different superscripts were significantly different
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Table 2. Developmental competence of cat oocytes (Grade II to IIT COCs) after in vitro
fertilization and embryo culture

Percentage (%) total

Groups N Cleivage oocytes developed to: Total cell
Prematuration  In vitro maturation () Morula  Blastocyst number
None rhFSH 85  350452° 4 223+4.5° 82+3.0° 2204643
ROS12.5uM  rthFSH TN L5 Y §i1£3.2°  1.4£1.3% 80
ROS 25 uM rhFSH (6 15.7+4.2% =3 10 0° 0
None rhFSH+EGE 80 42:545.5°  35.0+5.35 15.044.0° 142.5+117.5

rhFSH= recombinant human folliele=stimulating hormone; EGF= epidermal growth factor
b Values within columns with différcat superscripts were significantly different.

2.5 Discussion |

This study examined the effect of roscovitine} on meiotic and developmental competence
of cat oocytes. The results demonstrated that rescovitine (cyclin-dependent kinase inhibitor;
CDKI) efficiently arrestedéfeling oogytes at'the GV stage and this effect was reversible after
culturing roscovitine-treated @ocytes in.*‘roscovitine-free’” IVM medium. Similar to other
domestic species such as cow, pig, and sheep, ros'(',‘gvitine and other CDKIs have successfully
been used to prevent meioti€ resumption aiming wltimately to improve the oocyte’s
developmental competence (Mermillod et al; 20005 Iﬂashimoto et al., 2002; Schoevers et al.,
2005). The results indicated convincingly“as'in other mammals that the meiotic resumption of cat
oocytes is controlled by a cyclin-related pathway. In cats, the activation of maturation promoting
factors (MPFs), a protein complex composed of twrsui)units of P34
mitogen activated protein (MAP) kinase aie consideréd’_@ essential pathways during in vitro

and cyclin B, and

resumption of meiosis (Bogliolo et al., 2004), although several other signaling pathways have
also been demonstrated-te beinvolved inmeiosis resumption. In Experiments I and 11, the ability
of roscovitine to arrest.GV-stage oocytes was dose-dependent and depended also on the COCs
quality. The percentage of Grade Il to III COCs that were arrested at GV stage after roscovitine
(12.5 and 25 pM) treatment was higher compared with that of Grade L EOCs. This could be due
to the fact that Grade II to III COCs have poorer meiotic competence than Grade I COCs (Wood
and Wildt, 1997). This study’ also, demonstrated that roscovitine did. not improve meiotic
competence of Grade II to III cat COCsy although it has been shown to accelerate meiosis
progression in other species(Schoevers et al., 2005)."The suitable concentrations of roscovitine
used to arrest immature oocytes have been_ wariable among species studied (pig, 25 to 80 uM
(Krischek and Meinecke, 2001;.Ju et.al.,.2003; Le Beux etal.,.2003; Schoeyers, et al., 2005); cow
and célf, 25/uM (Mermillod et al., 2000; Albarracin et al., 2005); horse, 66 uM (Franz et al.,
2003)). Our results demonstrated that roscovitine at concentrations of 12.5 and 25 uM efficiently
arrested the meiotic resumption of cat oocytes, in terms of the number of MII and degenerated
oocytes. This was similar to that of non-roscovitine-treated controls. Given that the interaction
between an oocyte and the surrounding cumulus cells is essential to successful nuclear and
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cytoplasmic maturation during in vitro maturation, and high dose of roscovitine (50, 100, and
200 uM) significantly increased the numbers of apoptotic cumulus cells, we therefore selected
roscovitine at 12.5 and 25 uM for subsequent study. Several previous reports have revealed that
meiotic inhibitors seem to accelerate nuclear maturation after removal and maturation in vitro
(Mermillod et al., 2000; Ponderato et al., 2001; Lagutina et al., 2002; Adona et al., 2008). This
phenomenon has also been observed in pig (Hirao et'aly, 2003) and goat (Han et al., 2006). The
reason for this acceleration is unclear, but it has been/sugocsted that some factors related to cell-
cycle progression control might accumulate during the.blogk'of meiosis (Vigneron et al., 2004a;
Vigneron et al., 2004b). These oocytes reached the MII stage faster and remained for too long a
time at this stage, leading to chromatim-and spindle abnormalities (Ponderato et al., 2001; Han et
al., 2006). Because a large proportien of ©ocytes arrested at Ml and MII during 24 h incubation
with 12.5 and 25 pM roscevitine and the effect of roscovitine was completely reversible, we
speculated that these oocytes would sesume and atrest at MII stage after [IVM for a longer period
of time compared with the rosgovitine-treated (%ocytes that had been arrested at GV stage.
Prolonging culture of these ‘saging” MII oocytes appeared to cause the poor developmental
capability in this study. -

Furthermore, the cffects of fosgovitine on vocyte developmental competence depended
also on the incubation time used. For example, goatr'l oocytes pretreated with 200 uM roscovitine
for 24 h were able to resume meiosis at high rates_fa_lfyer_. in vitro maturation, but these oocytes
supported poor embryo development. However, :tﬁé percentage of oocytes developing to
blastocysts increased to the level of the control when the. roscovitine treatment time was reduced
to 8 h (Han et al., 2006). Adona et al (2008) revealed that butyrolactone I (BLI) and roscovitine
added in DMEM resulted in decreased blastocyst rateé-#;h;ereas BLI and roscovitine added into
TCM-199 resulted in similar developmental rates as: those of the controls. This observation
demonstrated that the culture conditions in which the inhibitor is applied,may affect the outcome
of the treatment. Howeyer, most studies have shown that prematuration in the presence of BLI or
roscovitine maintained blastocyst development and cell numbers similar to those of the controls
(Lonergan et al., 2000; Mermillod et al., 2000; Hashimoto et al., 2002y Moreover, Hashimoto et
al. (2002) obtained a high blastocyst rate after using prematuration of bovine oocytes with BLI
only but using different culture conditions, including low oxygen tension (5% oxygen) and the
presence of fetal calf serum.

In contrast with the reports that roscovitine did not impair subsequent development of
goat and bovine oocytés'(Mermillod et al.;»2000; Han.et al.,"2006), we found that feline oocytes
pretreated with roscovitine for 24 h prior to [VM demonstrated poor developmental competence
by means of cleavage and blastocyst formation rates when compared with that of non—
roscoyitine-treated countrels. To date, ‘the mechanism underlying roscovitinesinduced poor
embryo development s still unclear.In"the current study, roscovitine incubation for24+-h-at high
doses (50, 100, and 200 uM) markedly affected cumulus cell viability and DNA fragmentation in
a dose-dependent manner. DNA fragmentation (TUNEL-positive nuclei) known as the late stage
of apoptosis demonstrated the negative effect of roscovitine on cumulus cells viability. Given
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that bidirectional communication between cumulus cells and oocytes via gap junctions
determines the cytoplasmic maturation of oocytes (Eppig, 1991; Matzuk et al., 2002) and high
degree of cumulus cell apoptosis/cell death contributes to poor embryo development (Host et al.,

2002), insufficiently viable cumulus cells or the d1srupt10n of gap junctions between cumulus

cells and oocytes after roscovitine treatme have been responsible for the poor
developmental competence of cat ooc 4,.\. in this study. Roscovitine at 12.5 and 25 uM exhibited
the lowest apoptotic rate of cumulus cells, ar crefore these doses were chosen as candidate
doses for subsequent IVF and IV ah-et_al"(20 a) reported that roscovitine

disrupted the integrity and expansion abilt ich is in accordance with our
observations of cat oocytes. In additie i he incubation of roscovitine for 24
h led to the swelling of mito ia'custae, deg cortical granules especially during

"‘\

IVM, and a convolution of th ‘

In conclusion, roscoviti ag'able/to blod] h e me ature cat oocytes without
any remarkable effect omsnucle Atdrat - Howeve T\‘ nents demonstrated the
dramatically negative effect onembryo develo ment possibl Wy mulus cell apoptosis.

‘*J

ﬂ
ﬂ‘lJEJ’J‘VIEWlﬁWEﬂﬂi

QW']MT]‘EEU UANINYAY



CHAPTER III

THE EFFECT OF CULTURE MEDIUM TYPES AND CULTURE
VOLUMES ON DEVELOPMENTAL COMPETENCE AND GENE
EXPRESSION OF CAT EMBRYOS

3.1 Abstract

Morphology and gene expression are curgently used methods for assessing the effect of
culture medium and culture volume on embryoé of several species. To define their effects on
domestic cat embryos, groups of 8.40 10 embryos were cultured in SOF, modified Tyrode’s
solution or MK-1 medium insa fixed ' volume (50 pl) and in different volumes (20, 50 and 100
ul). SOF supplemented with différentconcentrations of glucose (1.5, 3.0 and 6.0 mM) was used
to examine the effect of glucosedlevel in culture media on embryo development. Real-time
reverse transcriptase polymeragé chain reaction was used to determine the relative transcripts of
BAX, BCL-2 and GLUT-1 genes/in blastocysts derived from various concentrations of glucose.
SOF and MK-1 supported feline embryo development better than modified Tyrode’s solution.
Embryos cultured in 20-p1 dioplets showed decreased development in all three media (P<0.05).
Increasing the glucose coneentration in SOFE to 6.0 mM adversely affected embryo development
and tended to increase the BCL-2 transcript in blastocysts. In conclusion, type of culture
medium, culture volume and glucose conCefitratioft affected the development of domestic cat
embryos. Decreased culture volume and high glucose-__cohg)?ntration negatively affected embryo
development. The increase of anti-apopiotic BCL-2 expression found in blastocysts cultured in
6.0 mM glucose may prevented an increase in the inc_idéncé; of apoptosis. In the present study, it
was clearly demonstrated that differéntial gene exprés’s-i:()-rf occurred in-embryos with similar
morphology.

3.2 Introduction

Over the past few decades, success of in vifro fertilization (IVF) in domestic cats has
been improved. However, blastocyst rates from oocytes matured and fertilized in vitro are still
lower than those matured and fertilized in vivo (30 to40% vs. 50 to 70%, respectively) (Farstad,
2000; Gomez et.al.,’2003; Pope ¢t al., 2006a;" Yin ‘et.al; 2007). The restricted development of
IVM/IVF derived embryos. is du€ to a podr understand of culture requirementless than ideal in
vivo environment and also how oocytes/embryos response to the specific condition. This
includes both in vitro maturation and embryo culture enwironment (Herrick et.al., 2007).
Although determinatien ef'phenotypic ‘changes in IVE embryos, such as incidence, of blastocyst
development and accurtence of cell fragmentation, are commonly used tools to aceess quality of
embryo development in vitro, phenotype alone does not provide sufficient information on the
detrimental factors presented in by in vitro culture. Lately, determination of gene expression has
become an increasingly powerful tool to access embryo quality. Analysis of phenotypic changes,
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along with analysis of gene expression can provide useful insight into mechanisms regulating
embryo development under different culture conditions.

Type of culture medium (Johnston et al., 1993; Herrick et al., 2007), culture volume
(Spindler and Wildt, 2002), gas atmosphere (Johnston et al., 1991) and culture temperature
(Johnston et al., 1991) are among the main factors that determine the success of in vitro embryo
production (IVP). Composition of the culture medium markedly affects embryonic morphology,
metabolism, gene expression and epigenetic modification (liane and Gardner, 1998; Doherty et
al., 2000; Niemann and Wrenzycki, 2000; Holm et al.,.2002;Niemann et al., 2002; Rinaudo and
Schultz, 2004; de Oliveira et al., 2005; Gardner_and Lane, 2005; Lane and Gardner, 2005). It is
therefore not surprising that the rate-of fcline blastocyst development has shown considerable
variability (ranging from 30 t0 70%.ef cleaved embryos) (Kanda et al., 1998; Gomez et al., 2000;
Spindler and Wildt, 2002; Metlo et.al., 2005) in different culture media. Globally, various types
of culture media have been used'to support feline embryo development in vitro, including Ham's
F-10, (Roth et al., 1994),Synthetic ;oviductal ﬂ_uid (SOF) (Freistedt et al., 2001), modified
Tyrode’s balanced salt solution'(modified Tyrode’s solution) (Gomez et al., 2003) and modified
Earle’s balanced salt solution (MK-1) (Kanda.et al.;+1998). Although the culture system used for
in vitro maturation and embry@ culture markedly influences developmental competence (Kanda
et al., 1998; Freistedt et al.; 2001; Gomez ¢t al., f'l2_003), a simultaneous comparison of these
culture media, in terms of theigability to support émbryo development has not been done. In
addition, culture volume has been demonstrated to:,dffeét in vitro development, including the
quality of embryos (Lane and Gardner, 1992; Vutyﬁvanich et al.,, 2010). Culture of mouse
embryos in reduced incubation velume,from 320 to 20 pl, significantly increased blastocyst cell
number and embryo development after transfer (Langaha Gardner, 1992). Moreover, mouse
embryos cultured singly in 0.5 pk. had fewer tr_op_h@_cfgclerm cells than those in 10 pl
(Vutyavanich et al., 2010). Y

Indeed, several cOmponents in culture media have been showi €ither to support or to
adversely affect embryo /development in vitro. Although embryos tequire a specific energy
substrate such as glucose-and pyruvate to promote development (Gardner, 1998; Gardner et al.,
2000; Doblado and Moley, 2007), the rate of glucose utilization as a sole energy substrate differs
both among species and developmental stages. Excessive glucose levels impair embryo
development by the induction of Oxidative stress and an«increased incidence of apoptosis and cell
death (Moley etsal., 19915 Moley et al., 1994} Moley,et al., 1998b; Leunda-Casi et al., 2002).
Furthermore, early fetdl-loss-and ‘congenital.malformation frequently occurs during pregnancy in
diabetic women (Kalter, 1987). The poor deyelopment of human and mouse embryos in a high
glucose condition has been postulated to be the result of altéred expression of genes regulating
glucose transport (Hahn et al,, 2000). Previously, glucose transport (GEUT) in preimplantation
murine émbryos was‘known as facilitative glucese transporters*GLUT-I5+GLUT-2, and*GLUT-3
(Hogan et al., 1991; Aghayan et al., 1992). Although there are many other types of GLUTs that
have been detected in preimplantation embryos, their function is largely unknown. GLUT-1
mRNA is expressed throughout preimplantation development in the mouse (Hogan et al., 1991;
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Aghayan et al., 1992; Morita et al., 1992), rabbit (Robinson et al., 1990), cow (Lequarre et al.,
1997; Augustin et al., 2001), and human (Dan-Goor et al., 1997). It has been hypothesized that
the function of GLUT-1 in the developing embryo is to transport glucose from the embryonic
extracellular space into the inner cell mass (Morita et al., 1992). A relationship between the
decrease in GLUT-1 expression and the increase of apoptosis in murine blastocysts has been
found (Chi et al., 2000). The decrease of GLUT-1 ¢levated the cell death signal that triggers a
BAX - dependent apoptotic cascade (Moley et al., 1998bs Chi et al., 2000). Indeed, alterations of
glucose uptake via the glucose transpoit gene have not becaspreviously examined in cat embryos.
However, an in vitro high glucose condition incteases the incidence of nuclear fragmentation and
apoptosis in murine blastocysts (Pampfer ¢t al., 1997). Apoptosis in embryos has been known to
occur via an intrinsic pathway (Hardy,»1999). BCL-2 (B-cell lymphoma 2) family, a family
protein consisting of pro-suwvival and pro-apoptotic members primarily controls the process. Pro-
apoptotic BH3-only proteins age'responsible for the first step in the apoptosis signaling cascade
and function upstream pro-apoptotic BAX (Bcl—2-%1ssociated X) protein. Normally, BAX protein
is directly responsible for thefdamage to the mitochondria but pro-survival family members,
especially BCL-2 (B-cell lymphoma 2) protein, protect the cell from this damage (Giam et al.,
2008). The activated BAX molecule can be captured by free pro-survival protein, thus allowing
the cell to survive. In contrast, initiation of apoptosi'ls_ may occur if the number of activated BAX
molecules is greater than the number of pfo—surviv_afl_.prg_teins (Leber et al., 2007; Giam et al.,
2008). - Al
The objectives of the present study wete to eXa‘hﬁne the effect of culture medium, culture
volume and glucose concentration on' the in virro developmental competence of cat embryos.
Additionally, expression levels of BAX, BCL-2 %i&dl!:GLUT-l genes were examined in
blastocysts produced by culture in different concentrat_iens_éf glucose.

3.3 Materials and methods ,
All chemicals werg purchased from Sigma-Aldrich (St. Louis, USA), unless otherwise
indicated.

3.3.1 Oocyte recovery

Ovaries were collected ffom domestic cats subjected to ovariohysterectomy and were
transported to the laboratory in a 0.9% "(v/w) jsaline selution supplementedywith 100 IU/ml
penicillin and 100 pg/ml ‘streptoimycin. Within 2'h, ‘the ‘'ovariesswere washed and placed in a
holding medium (HM) consisting of Hepes-buffered M199, 1 mM sodium pyruvate, 2 mM L-
glutamine, 100 IU/ml penicillin, 100 pg/ml streptomycin and 4 mg/ml bovine serum albumin
(BSAgembryo tested)s Cumuliis loocyte complexes (COCs) wete tecovered by ovatrian.mincing
in HM ‘and then morphologically classified at'a magnification x 40 using a 'stercomieroscope
(SMZ645 Nikon, Tokyo, Japan). Only COCs surrounded with more than five layers of
compacted cumulus cells and containing homogeneous-dark ooplasm were used.
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3.3.2 Oocytes culture

In vitro oocyte maturation was essentially performed as previously described
(Sananmuang et al., 2010). Groups of 20 to 30 COCs were cultured for 24 h in 500 pul of in vitro
maturation medium (NaHCO3-M199 supplemented with 1.0 mM sodium pyruvate, 2.0 mM L-
glutamine, 100 IU/ml penicillin, 100 pg/ml streptomycin and 4 mg/ml BSA) containing 0.05
IU/ml recombinant human follicle stimulating hormone; thFSH, (rhFSH; Organon, Bangkok,
Thailand) and 25 ng/ml epidermal growth factor (EGE).

3.3.3 In vitro fertilization i’

For IVF, groups of 8 to 10 oeeytes were transferred to. 50-11l drops of IVF medium (Pope,
2004) with minor modification (Fyrode's balanced salt selution containing with 11.9 mM
NaHCOs, 1% (v/v) MEM_mon-esséntial -amino acids (NEAA), 6 mg/ml BSA, 100 IU/ml
penicillin, 100 pg/ml streptomyein, 30/ 1g/ml héjparin, I mM L-glutamine, 0.36 mM sodium
pyruvate and 0.11 mM _ealciuma lagtate). The semen was collected by electro-ejaculation
(Zambelli and Cunto, 2006) fiom two fertile cats during anesthesia with 0.04 mg/kg atropine
sulphate (A.N.B. Laboratoriesy Bangkok,.. Thailand), 3 mg/kg xylazine hydrochloride
(Laboratorios calier, Barcelonas Spain)jand 10 mg/kg ketamine hydrochloride (Gedeon Richter,
Budapest, Hungary). Semen samples were cryopres erved according to Rota et al., (1997) with
minor modifications. Briefly, sttaws were placed horlzontally 4 c¢m above liquid nitrogen vapors
for 10 min and then plunged into liquid nitrogen. After thawing at 70°C for 6 sec, sperm were
subjectively evaluated, and only samples that had m(’)m"‘tban 50% pro gressive motility were used.
Oocytes were co-cultured with sperm’at a concentratlon qf 0.5 x 10° sperm/ml at 38.5°C in a
humidified atmosphere of 5% CO; in ait. —

e

3.3.4 Embryo culture

After 18 h ofigo-incubation with sperm. cumulus cells-were retnoved by mechanical
pipetting. Presumptive zygotes were then washed and cultured in IVC- 1 media for 24 h. Cleaved
embryos (day 2 post- -IVE)iwere subsequently cultured in IVC-2 media. Embryo culture was
performed at 38.5°C in a humidified atmosphere of 5% CO, in air, Composition of the three
culture media (MK-1, SOF and modified Tyrode’s solution) are shown in Table 3. MK-1 was
slightly modified by addition of sodium pyruvate and-alanyl L-glutamine (Ala-Gln). Modified
Tyrode’s solution was also modified by supplementation with'11.9 mM NaHCO; instead of 25
mM NaHCO;, The média.were ‘equally adjusted ‘the.pH' before-gas incubation and the pH of
modified Tyrode’s' was tested and ranged between 7.2-7.4 after 1 to 2 h of CO, equilibration
(Figure 17). The media were also overlaid with mineral oil and¢hanged every 2 dayto minimize
the possible pHe change during cultute.
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Figure 17. The effect of ‘
Modified Tyrode’s medium was prepa ‘and then split to 3 incubation
conditions: 1) room atmospheie 2) 5% 02, 5% CO; and 90% N,. In all
cases, the medium was maintained at 38.5° _"",' s measured using a pH meter (EUTECH
Instruments Pte Ltd., pH 510, Ay ;p : ore). The pH of this medium was in
an optimal range for embryos (betweén 7.2-7.4 oximately 1 h of incubation (for both

5% CO,, 20% O, and 5% CO,, 5% O_#U Ao N)). % 1
’ - =l " "—f. | ‘1:’

‘ .. d Tyrode’s medium (IVC).

3.3.5 Assessment of embryo development ©

The percentage "o;(_— \.»@ s without blastocoel)
and blastocysts (>50 cells-wi 2d on day 2, 5 and 7 of IVC,
respectively. The percenta 4‘! - of hatched blastocysts was calculated relative to the total number of
blastocysts. To count the number of nuclei, blastocysts were fixed in 4% (w/v) paraformaldehyde
and kept at 4°C for 2 days bJoﬁammg with 0.1 ug/ml 4',6-Diamidino-2-phenylindole (DAPI)
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Table 3. Chemical components of three different culture media (SOF, modified Tyrode’s
solution and MK-1) used for culturing feline embryos. IVC-1 and IVC-2 were used for day 1 to
2, and day 2 to day 7 of embryo development, respectively (day 0 = day of IVF). m-Tyrode =
modified Tyrode’s solution

. IVC-1 IVC-II
Media

SOF m-Tyrode MK A1 SOF m-Tyrode MK-1
NaCl 107.6 mM 1369 mM 1164 mM~ _107.6 mM 136.9mM 116.4 mM
KCl 7.1 mM 2. 7mM 5.4 mM 7.1 mM 2.7 mM 5.4 mM
NaHCO; 250mM___11.9mM 250 mM.___250mM 11.9mM  25.0 mM
Na-Lactate (60% 5.3 mM - - 5:3.mM - -
W/W)
L(+)Ca(lactate), - QelfmM 1.8 mM - 0.1 mM 1.8 mM
MgS0,4.7H,0 - - 0.8 mM - - 0.8 mM
MgClL.6H,0 0.5 mM 1.1 mM - 0.5 mM .1 mM -
CaCl.2H,0 1.7 mM L& ndMi . 1.7 mM 1.80 mM -
KH,PO4 1.2 mM - - 1.2 mM - -
NaH,P04.H,0 - - 1.0 mMy - - 1.03 mM
NaH,PO4 - 0.4 mM ) - 0.36 mM -
(anhyd) i 4
Phenol red < :#50(:) ul >
MEM NEAA < 1%, >
BME EAA 2% ‘ Woihe——— 2% @ ——
Glucose 1L56mM< 5.6mM  15mM  15mM, #5.6mM  1.50 mM
Pen/strep <+———100 1U penicillin G and 100-peo/mb-stieptomycin ———»
Sodium Pyruvate 0.3 mM 0.4 mM 0.4mM 0.3 mM 0.4 mM 0.4 mM
Ala-GIn 2.1 mM 1.0 mM 1.0 mM 2.1 mM 1.0mM 1.0 mM
BSA 4 3 3 - - -
FCS - - - — 0% (v/v) ——»

SOF, modified Tyode’s_solution‘and MK-1 media were prepared according to (Freistedt et al.,
2001), (Pope, 2004) and (Kanda et al., '1998) respectively. Modified Tyrode’s solution was
slightly modified by supplementation'with"1.9 mM NaHCOs3.

3.3.6 RNA extraction

Total RNA was extracted from five blastocysts in one replicate using the Absolutely
RNA Nanoprep Kit (Stratagene, ‘San Diego, CA, USA) following the manufacturer's instruction
at room temperature. Briefly, blastocysts were lysed using a lysis buffer containing 0.7% f-
Mercaptoethanol (B-ME). An equal volume of 80% sulfolane was added to the cell lysate. The
mixture was then transferred to an RNA-binding nano-spin cup and centrifuged at >12,000 x g
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for 60 sec. The filtrate was discarded and a low-salt wash buffer was added to the re-seated spin
cup. After centrifugation, the filtrate was discarded and the cup was re-seated and dried by
centrifuging at >12,000 x g for 60 sec. DNase I (Stratagene, San Diego, CA, USA) was added to
the fiber matrix inside the cup and incubated at 37°C for 15 min. After incubation, the fiber
matrix was washed with high-salt wash buffer once and low-salt wash buffer twice. The RNA
was eluted by centrifuging (>12,000 x g for 5 min) with 12 pl RNase-free water. The
extracted RNA was assessed for quality and quantity tising.a spectrophotometer (Nanodrop ND-
2000, Wilmington, Delaware, USA) and immediately stored at -80°C until further processing.

3.3.7 Reverse Transcription (RT)

RT was performed using a First-Strand ¢DNA Synthesis Kit (SuperScript III Kit,
Invitrogen, Carlsbad, CA, USA). The RT reactions (20 ul) were performed according to the kit
manufacturer's protocol. Eight ul'of extracted RNA was incubated with 1 ul of random hexamers
(50 ng/ul) and 1 pl of 10 maM dNFP mix at 65°C for 5 min, then immediately placed on ice for at
least 1 min. After chilling on ig€, the mastermix cdntﬁining 2 pl of 10xRT buffer, 4 pl of 25 mM
MgCly, 2 pul of 0.1 M DTT 1 ul of R NaseOut(40U/ul) and 1 pl of SuperScript III RT (200 U/ul)
was then added to the reactionsThe reaction was further incubated at 50 °C for 50 min followed
by 5 min incubation at 85°C /RNA template from thfé:_ cDNA:RNA hybrid molecule was removed
by digestion with 1 pl of RNase¢ H (2U/ul) after ﬁrgtfstgand synthesis at 37°C for 20 min. The
product was stored at -20°C fogfurther tse it PCR.

j : .AJI_ .
3.3.8 Quantitative Real-Time PCR ; s f

The relative expression levels of individual tai:gét genes (GLUT-1, BAX and BCL-2)
were normalized to the endogeneus normal_izgﬁ ~ (GAPDH: glyceraldehyde 3-
phosphatedehydrogenase), and were run in separate wells. The PCR was performed using the
ABI PRISM 7300 Real-time cycler (Applied Biosystems, Foster City,.CA, USA) with Power
SYBR Green PCR Mastér Mix (Applied Biosystems, WA, UK). Each! PCR reaction (total
volume of 20 pl) consisted-of 2 ul of reverse transcription product (equivalent to 0.5 blastocyst)
and 18 pl of reaction mixture which contained 10 pl of SYBR Green Master Mix, 1 ul of both 5
uM forward and reverse primer (Table 4) and 6 pl of nuclease free water. The thermal cycling
conditions were as_follows: 10 min at 95°C to activate'tag DNA polymerase, 40 cycles of 15 sec
at 95°C for denaturing, 30 sec at 55°C for annealing and, 60 sec at 72°C"for extension. The
Sequence Detection System«(SDS) Software Version'l.4 (Applied Biosystems, USA) was used
to quantify and analyze the relative quantitation (RQ). Calculations of relative quantitation were
performed by the comparative Ct method, using blastocysts eultured in 1.5 mM glucose as a
control group. Data was reported as telative n-times difference, in relation to the centrol sample.
At the ‘end of " program,” PCR" "products © were’ confirmed==by ' melting= curve
analysis and run in gel electrophoresis. The amplified products were run in 2% agarose gel (Bio-
Rad, CA, USA) prepared in 1 x TBE buffer (90 mM Tris, 90 mM boric acid, 2 mM EDTA, pH8)
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containing 0.4 mg/ml ethidium bromide (Promega, WI, USA). The separated products in agarose
gel were visualized under UV light (Syngene, CB, UK).

Table 4. Description of forward (FP) and reverse (RP) primers used to assess the expression of
target genes in blastocysts obtained from different glucose culture conditions.

Fragment

Genes Sequence (5°-3" orientation) Reference

length (bp)
FP: ATTGTGGCTGAACTCTTCAG N
GLUT-1 ¢ P CCAGGAGTACGGTGAAGATE st (Zini et al., 2009)

FP: CCGATGGCAACTTCAACTGGG

BAX RP: GTCAGCACTCC@ECEACAAAG ~ (Zhao et al., 2008)
BCL.2 FP: GGAGGAFTGTGECCTICT 143 (Yamazaki et al.,
) RP: GTTATCCTGEATECAGGTGT 2004)

FP: GGAGAAA TAT
GAPDH GOAGAMIGCESCERE T AT 191 (Sano et al., 2005)

RP: AGGAAATGAGQTTCACAAAGTGC

3.3.9 Statistical analysis '

Three to four independent replicates were ‘performed in each experiment. Data was
expressed as a mean + standard emror of the mean (SEM). Differences among groups were
assessed by one-way ANOV A statistical testand DUNICAN analysis. Differences with a P<0.05
were considered to be statistical significance. dia

3.3.10 Experimental design | — il
Experiment I: Effect of embryo culture media on embryo development

A total of 175%at*COCs was used. Followine IVMAVE Soronpstef 8 to 10 cat embryos
were randomly cultured in 50-ul droplets of SOF, modified Tyrode’s solution or MK-1 for 7
days. The incidence of cléavage and number of embryos at the morula stage were recorded on
day 2 and 5, respectively..Blastocysts at day 7 of development were fixed and stained with DNA
labeling to count the total cell number/blastocyst.

Experiment II: Effect of culture volume on embryo development

A total of 778 cat"COCs*was used:"Following IV/IVE,“groups 'of "8 to 10 cat embryos
were randomly cultured in different volumes (20-, 50- and 100-pul drops) of SOF, modified
Tyrode’s solution, or.MK-1 for 7 _days..Embryo examination was.performed as.described in
experiment L.

Experiment II1: Effect of different glucose concentrations on cat embryo development
A total of 370 cat COCs was used. Following IVM/IVEF, groups of 8 to 10 cat embryos
were randomly cultured in 50-pl droplets of SOF containing different concentrations of glucose
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(1.5, 3.0 or 6.0 mM). Embryo development and quality were assessed as previously described in
experiment I. Additionally, the percentages of hatched blastocysts and fragmented embryonic
nuclei were examined.

Experiment IV: Effect of glucose on the gene expression of cat embryos

Cat blastocysts at day 7 of development cultured in different concentrations of glucose
(as in experiment III) were used. Five expanded blastocystssshowing the same morphology from
each replicate were collected in a minimum volume (lesssthan 2 ul) of PBS containing 0.1%
BSA and were immediately stored at -80°C untiliuse. They were analyzed for expression levels
of GLUT-1, BAX and BCL-2 gengs.relative to the house keeping gene (GAPDH). The relative
expression levels assessed by real-time PCR were shown as relative quantitation (RQ) and the
size of products were confizimed by gel clectropharesis.

u

3.4 Results J
3.4.1 Experiment I: Effect of embrye culture media on cat embryo development

Frequencies of cleavagerandidevelopment to the morula stage were not different among
the three culture media. However, the percentages of émbryos that developed to the blastocyst
stage in SOF (61.0+7.7) and MK-I (62.548.7) were higher than that of modified Tyrode’s
solution (33.349.8) (P<0.05). The overall average céll'""ndf-nber/blastocyst was similar among the
experimental groups (123.1+5.8 cells/blastocyst) (Table 5).

Table 5. Mean percent £SE of developmental compg{ﬁn&e and embryo quality of cat embryos
cultured in different culture medium types

Cleaved err'lb_r'ﬂio developed to

Cultured N Cleavage Cell number
media : Mozula Blastocyst-

SOF 63 -55.646.3" 90.2+4.7% e 121.6+£12.2*°
m-TYRODE 53 453+6.9% 83.3+7.8* 33.3+9.8° 113.8£20.5
MK-1 59 54.2+6.5 87.5£5.9* 62.5£87° 134.0+£24.9°

b Within a column, different superscripts denote values that differ significantly (P<0.05). m-
Tyrode = modifi€d Tigrode’s solttion

3.4.2 Experiment II: Effect of culture volume on embryo development

Frequency of cleavage was not affécted by the volume of the culture droplet (~50 to
60%). The.ineidence' fidevelopment to the morula stage’of embryos culiured 1h SOF was higher
(P<0.05) in 50-pul and 100-pl droplets (96.3%3.7 and 93.943.6, respectively) than in 20-pl
droplets(80.34+4.0). Blastocyst formation rates of embryos cultured in 50- and 100-ul droplets of
SOF (62.5+7.8 and 56.7+6.5, respectively) and MK-1 (60.9+7.7 and 53.3£7.5, respectively) were
similar, and both were higher than blastocyst development of embryos in modified Tyrode’s
solution (45.2+7.8 and 30.247.1, respectively). Culture of embryos in 20 pl of SOF, MK-1 or
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modified Tyrode’s solution decreased blastocyst formation rates (20.0+£5.4, 39.6+6.8 and
13.6+5.2, respectively). Cell numbers of blastocysts were not affected by the type or volume of
culture medium (Table 6-8). Overall, frequency of blastocyst formation in embryos cultured in
modified Tyrode’s solution tended to be lower than that of embryos in SOF and MK-1 regardless
of culture volume.

Table 6. Mean percent + SE of developmental competenee and embryo quality of cat embryos
cultured in SOF with different culture volumes

Cleaved embryo developed to

Volume(pl): N Cleavage Cell number
5-10 embryos Morula Blastocyst

20 92 5910+3 4° 80.3+4.0° 20.0+5.4° 94.5+6.2°
50 73 54698 74 963+3.7 ° 62.5+7.8 ° 119.2+11.7°
100 92 64.6:8 .64 93.943.6° 56.746.5° 99.9+7.8

*® Within a column, different superseripts denote values that differ significantly (P<0.05).

Table 7. Mean percent +SE of developmental competence and embryo quality of cat embryos
cultured in modifiedTyrode’sisolution with different'f culture volumes

Cleei_\;ed embryo developed to

Volume(pl): N Cleavage g Cell number
5-10 embryos Moru]',a Blastocyst

20 87 51,9897 2= 79 TR 13.6£5.2° 119.2+£27.8°
50 78 54.8+8 941" g 1456HES 45.2+7.8"° 123.7410.2°
100 90 48.0+£3.2° 89 9P 30.247.1 95.5+10.6 “

% Within a column, different superscripts denote values that differ si gnificantly (P<0.05).

Table 8. Mean percent'iSEkof developmental competence and embryo quaility of cat embryos
cultured in MK-1 with different culture volumes .

Cleaved embryo developed to

Volume(ul): N + Cleavage ? Cell number
5-10 embryos Morula Blastocyst

20 94 56:9+64 * 79:4+4.4 2 3946+:6+8 ° 101.4+£7.7%
50 79 52.74£9.7° 83.6£54"° 60.9+7.7° 137.0+£21.4°
100 93 48.6+2.7° 91.4+4.3% 53.3+7.5° 136.1+16.3°

> Within a column, different superscripts denote values that differ significantly (P<0.05).

3.4.3 Experiment I1I: Effect of different glucese concentrations on cat embryo development

Frequency of cleavage in all concentrations of glucose were similar (50-60%) (P>0.05).
However, the frequencies of embryo development to morula and blastocyst stages of embryos
cultured in SOF containing 1.5 and 3.0 mM glucose were higher than that obtained from
embryos cultured in SOF containing 6.0 mM glucose (P<0.05). Cell numbers of blastocysts were
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also higher in embryos cultured in 1.5 and 3.0 mM glucose as compared to 6.0 mM glucose
(P<0.05). Although hatching and cell fragmentation rates were not significantly different among
glucose concentrations, the results indicated that increasing glucose levels of up to 6 mM in SOF
tended to negatively affect blastocyst quality, in terms of cell nuclear fragmentation and the
number of hatched blastocysts (Table 9 and Figure 18).

Figure 18. Day 7 cat embtyos derived from in vitro culture. They were assessed under bright
field visualizatiom yia a light microscope at a magnification x 10 (A-C). (A) Blastocysts derived
from embryos cultured in SOF containing’ 1.5 mM glucose, (B) Blastocysts derived from
embryos cultured+in SOF eontaining: 3:0, mMyglucose, (€) Blastocysts; derived fiomrembryos
cultured in SOF containing' 6.0 mM glucose, D) Blastocsyts derived from SOF containing 1.5
mM glucose stained with DAPI and evaluated using an epifluorescent microscope at a
magnification x 200. Scale bars represent 200 (A-C) and 100 (D) pm.
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Table 9. Mean percent + SE of developmental competence and embryo quality of cat embryos
cultured in SOF containing with different glucose concentrations

Cleaved embryo

Glucose N Cleavage developed to Hatched  Cell number Fragmented
conc. blastocyst cells
(mM) Morula

1.5 124 58.5+1.5% 95.0+1 10.7% 170.9+22.3°% 12.8£3.0°
3.0 124 53.8+19° ‘ 8% 167.1+83°%  16.3+2.5°
6.0 122 51.9+52° 103.144.6°  19.3+1.1°

b Within a column, different su Tipt c alue@ﬁcantly (P<0.05).

pecific products in all
icon sizes by running in

The melting cu
assays (Figure 19-22) and
gel electrophoresis (Fi -2 and BAX were not
significantly different among : \ oncentrations of glucose
(P>0.05). However, the @xpres ‘leyels of E CL-2 gene tended to increase in blastocysts
cultured in 6.0 mM glucose ' ysts cultured in 1.5 and 3.0 mM
glucose (Figure 24).
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Figure 20. Melting curve analysis of GLUT:] f 1ed at the end of the real-time PCR. There
were no significant primer-di ons nt on the curve.
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Figure 21. Melting curve analysis of BAX performed at the end of the real-time PCR. There
were no significant primer-dimers or nonspecific products present on the curve.



0.100

0.080

0.060

0.040

Derivative

0.000

’\—\__i‘it‘:s«: =

Dissociation Curve

60

Detector = bel-2, Tm =600 °C

80

Temperature (C)

44

Figure 22. Melting curve analysis of BCL-2 performed at the end of the real-time PCR. There

were no significant primer-dimers og nonspecific products present on the curve.

500 bp—
400 bp—

300bp—
200 bp=—

100 bp——

GLUT-1
BAX

244 bp

T
. 157 bp

BCL-2
GAPDH

191 bp
143 bp e

Figure 23. The amplicon sizes of PCR products (GLUT-1, BAX, BCL-2 and GAPDH) acquired
from real-time PCR were confirmed their correct sizes by gel electrophoresis. They were run on
2% agarose gel contained with ethidium bromide in 1 x TBE buffer and were visualized under

UV light.
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Figure 24. Relative expression'of GLUT-I (A), BAX and BCL-2(B) transcripts in blastocysts
acquired from embryos culturedsin SOF containing 1.5 mM (Glue 1.5 mM), 3 mM (Gluc 3 mM)
and 6 mM (Gluc 6 mM) glucoseaTherexpression of each gene showing as relative quantitation
(RQ) was analyzed using seal-time PCR., GAPDH was used to normalize each gene, and
embryos cultured in glucose 1.5mMwere used as ealibrators.
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3.5 Discussion e W

Synthetic oviductal fluid (SOF) (Ffeistedt et al., 2001), modified Tyrode’s balanced salt
solution (modified Tyrode’s solution) (Gomez et al, 2003: Pope, 2004) and modified Earle's
balanced salt solution (MK-1) (Kanda et al., 1998) are generally known to support feline embryo
development in vitro. However, the efficacy of thesé—fm@dia has been variable among laboratories
(Kanda et al., 1998; Freistedt et aly, 200 1). Culture Vélﬁpﬁe also affected cat embryo development
in the present study. A decreasing culfure volume t6'=2é)iﬁl drop/8 to 10 embryos negatively
affected the developmental competence of embryos ilﬁ eulture media as compared to those of
50- and 100-pl drops/8 to 10 embiyes. These weréfﬁkefi ‘due to the accumulation of toxic
substances in a small yolume of culture medium, resulting in cell stress and poor embryo
development (Fujitani et-als199750'Dohertyetal; 1997 de Oliveiraet.al., 2005).

Our results indicated that SOF and MK-1 supported feline embr:yo development better
than modified Tyrode’s solution in all culture volumes (Tablc 5-9) when cultured in 5% CO;
condition, although Tyrode’s solution has been widely used to culture féline embryos with a high
rate of embryo development(Gomez et al., 2003; Pope; 2004; Pope et al., 2006a). It is worth
noting that the concentration ofsodium bicarbonate (1 1:9:mM) inrmodified-Fyrode’s solution
used in this study was lower than.SOF and MK-1 (25,mM). However, this Tyrode’s balance salt
solution was ableito maintain pH in an optimal range for embryo culture (pH 7.2 to 7.4) (Figure
17). Because the maintenance of intracellular pH (pHi) is vital for normal regulationsof several
intrag€llular imetaboliSms, and«development offembiyos (Swainy 2010), /it thereforciseems likely
that other factors in Fyrode’s solutien centributed to the poor embryo development. In fact, we
cultured feline embryos with Tyrode’s solution in the presence of 20% O, in contrast to the
previous studies that cultured cat embryos with 5% O, (Gomez et al., 2003; Pope, 2004; Pope et
al., 2006a). Since the oxygen tension in culture environment is a major contributor to the reactive
oxygen species production, reduction of O, level in culture environment from 20% to 5% results
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in the lower ROS production (e.g. superoxide anion (O;’), hydrogen peroxide (H,O,), and
hydroxyl radical (OH")), thereby improving the embryo development (Fujitani et al., 1997; Kwon
et al., 1999; Karja et al., 2006). Furthermore, amino acids in SOF and MK-1 may also act as
osmoregulators, osmoprotectants, pH regulators and energy sources for pre-implantation
embryos. These properties alleviate the stress at eauly cleavage stages which in turn, improve the
quality of developing embryos (Swain, 2010).

In addition to the above mentioned factors, high concentration of glucose (5.6 mM) in
Tyrode’s solution appeared to play a key role since suboptimal glucose concentration in culture
medium potentially induces poor embryo development (Swanson et al., 1996). In vivo-derived
feline embryos metabolized glucose-approximately twice as much as pyruvate on day 3 and
approximately five times as muchonsday 6. An increased utilization of glucose through
glycolysis during compaction*and blastocyst formation is common among embryos of several
species (Gardner, 1998; Thempson, /2000). On the other hand, an increasing glucose
concentration lowered glycelytic activity during bl?stocyst formation (Gardner, 1998; Gardner et
al., 2000). Because SOF mediuim tgnded to-provide the best feline embryos’ development in the
present study, we selected SOF as the model.to study the effects of glucose concentrations on
feline embryo development. Inereasing the glucose concentration in SOF (6.0 mM) comparable
to that of modified Tyrode’s solution (5.6 mM) neégtively affected feline embryo development
by reducing the blastocyst rate and cell number of bl_és_ftpc_ysts. Moreover, it also tended to reduce
hatching blastocyst rate and jincreased the fragmé;n’iedn nuclei of blastocysts. These results
correspond to previous reports demonstrating the deﬁ:ii'nental effects of a high glucose condition
on embryo development (Moley et al; 1991; Moley fet-!ja,l., 1994; Leunda-Casi et al., 2002;
Doblado and Moley, 2007). Although-the mechanism underlying poor embryo development
under high glucose conditions is still unclear, it has '.‘t_)e‘en postulated that high glucose
concentrations may induce oxidative stress or down 'reé,llate the glucose uptake into cells
resulting in insufficienl metabolic requirements (Doblado —and—Maley, 2007). A high
concentration of glucosc /has been shown to increase cell death and oxidative stress, and a
decrease of glucose transperter and metabolism in mouse blastocysts (lieunda-Casi et al., 2002).
In addition, elevated glucose concentration in SOF may also contribute to the imbalance of
inorganic phosphate which potentially affects the development of feline embryos cultured in
vitro (Herrick et al., 2007). "While the elevated phosphate concentration inhibits early cleavage
stage (Quinn, 1995;"Lane and" Gardner, 2000), 'increase of KH,PO,4 concentration in medium
from 0.25 mM to 1/00mM-with' constant«3 mM glucose ‘improved cleavage rates of feline
embryos. It is therefore implied that feline embryos need a specific requirement for inorganic
phosphate, and the management of glucose and inorganic phesphate (Glu/Pi) balance in feline
embrye appear to be different when compared to other species.

For"quantitative’ PCR, "blastocysts ‘with“the same morphology were selected in=order to
minimize the variation of embryo quality acquired from each culture medium. These blastocysts
represented the produced feline embryos that could tolerate and survive in their culture systems.
This study only determined BCL-2 and BAX expressions as representatives of anti-apoptotic and
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pro-apoptosis gene expression, respectively. Though the expression of BCL-2 in blastocysts
produced in high glucose concentration (6 mM) tended to be higher than those of other groups
(1.5 and 3 mM), expressions of BAX gene were similar among the culture groups. Over-
expression of BCL-2 can enhance cell survival by suppressing apoptosis in cells subjected to
apoptosis-inducing stimuli. Moreover, increasing BCL-2 is the mechanism by which cells
become resistant to apoptosis in the presence of glucose (Abu-El-Asrar et al., 2004). Because of
these, the results acquired from the study supported the'pretective role of BCL-2 in protecting
feline embryos against suboptimal eulture condition (high.glucose in this study). However, our
results contradicted to a previous study in whichia high glucose condition up-regulated BAX in
human blastocysts (Moley et al., 1998a). It is possible that high glucose concentration (6 mM)
used in this study was far Iess thansthose demonstrated in the previous study (30 mM glucose)
(Moley et al., 1998a), and the 6 mM glucose may not efficiently stimulate BAX expression in
feline embryos. Another explanation was the na’gure of BAX response which appeared to be
tissue-, cell- and stage-speeific (Evan and Littlewood, 1998; Kockx and Knaapen, 2000; Giam et
al., 2008). Since the study about BAX expression in feline embryos is still limited, further study
on other networks of BAXysuch.as BH3-only.protein that have been reported to be involved in
the modulation of cellular fungtionfand the localization of BAX (Eskes et al., 2000) may also
help to elucidate the changed patterns of BAX/BCE: 2, thereby substantially providing the clues
as to how feline embryos réspond to the high glucose culture condition.

Initiation of an apoptoti€ cascade in embryos,durlng hyperglycemic culture conditions by
a decrease of glucose transport has been: previou’sl;’;“demonstrated (Chi et al., 2000). Such
extensive apoptosis has long-lasting deirimental effeets on'embryo development and pregnancy
outcomes, including fetal malformation ot increased occurrence of pregnancy reabsorption
(Heilig et al., 2003). In order to avoid the effects of a hyperglycemlc condition and subsequent
induction of cell death, embryonic cells develop mechanisms to promotessurvival. Cells regulate
glucose uptake by the glucose transporter protein (GLUT) on the_cell plasma membrane
(Pantaleon and Kaye, 1998) and also by modifying glycolytic enzyme activity (Riley and Moley,
2006). Though high glueese concentration used in the current study was not completely
representative of hyperglycémic condition, we still considered GLUT gene to imply embryo’s
glucose regulation. According to our study, GLUT-1 gene expressions were not significantly
different among the blastocysts/cultured in various concentrations of glucose. There were some
explainable causes of insignificant difference of GLUT-1"expression among embryos cultured in
various glucose concenirations. Firstly, high glucose.concentration (6 mM) used in this study
may not efficiently‘altered GLUT-1 expression. Another explanation was poorly explored role of
GLUT-1 in feline embryos. There was an evidence in preimplantation mouse embryes indicated
the unequal response ef GLUT 1-3 protein to maternal diabetic state (Moley et al,, 1998b). In
addition, different patterns ‘and roles of GLUTS expression during preimplantation period have
been found among species (Augustin et al., 2001). This may also imply the variable sensitivity of
each GLUT members in feline embryos. Because only blastocysts were selected for gene
expression study, it is also possible that ‘survival’ blastocysts can find their ways to maintain the
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levels of GLUT-1 expression and also to balance glucose metabolism even in the suboptimal
glucose condition.

In conclusion, type of culture medium, culture volume and glucose concentration
affected the development of domestic cat embryos SOF and MK-1 supported feline embryo
development better than modified Tyrode’s on at least under culture system used in the
current study. Reduced culture volume and hig ‘ concentration negatively affected
embryo development. The increase of anti-apoptotic i express10n found in blastocysts
cultured in 6.0 mM glucose ap -a..l d.to be o _ : s to protect feline embryos
against high-glucose induced & n the pr clearly demonstrated that

similar embryo morphology may have a diffe attern. of gene expression which was
influenced by culture environment gl sxam -c only the effect of glucose
concentration and embryo denSity oner \\\\ t possible to rule out other
confounding factors such as oxygenstension ster are also crucial for feline

embryo development.
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CHAPTER IV

THE EFFECT OF EMBRYO DENSITY AND NUMBER OF CULTURED
EMBRYOS ON DEVELOPMENTAL COMPETENCE AND GENE
EXPRESSION OF CAT EMBRYOS

4.1 Abstract

Embryo density affects the developmental competence of cultured embryos in several
species. Gene expression is currently - used for assessing the embryo quality along with the
morphology. To determine the effeets of this factor on feline embryo development, embryos
were randomly cultured in ggouip (n=10 and 5) or singly in different media volumes (12.5, 25, 50,
100 and 200 pl). They were examined: their dev‘plopmental competence and fragmentation of
blastocyst cell nuclei using' DNAfTabeling: Only expanded blastocysts acquired from different
densities and numbers were gollected to examine their mRNA transcripts of survival related
genes (BAX, BCL-2 and HSP70) using real-time+RT-PCR. Transeripts of in vivo produced
blastocysts were used as the control. The results showed that embryos cultured in groups tended
to develop better than those cultured singly. Foﬁ group cultured embryos (n=10), embryos
acquired from low culture density (1:5, 1:10 and 1240) could develop better than those acquired
from high density (1:1.25 and 1:2.5) (P<0.05). Moi,:e'bve'f, fragmentation of the blastocyst cell
nuclei tended to increase in high eulture density. On‘fthg: other hand, there was no significant
difference of developmental competenée’ among embryos' cultured singly in varied densities.
Blastocysts derived from high culture density (1:1.25) also significantly up-regulated BAX and
HSP70 transcripts comparing with those of low cu_lt_u_r_e', densities (1:5 and 1:20) (P<0.05).
However, there was nossignificant difference in relative ?ranscripts between group and single
embryos cultured in«fixed 200-pl culture medium. In conclusion. liigh density negatively
affected the developmental competence of feline embryos cultured in groups. The increase of
BAX and HSP70 transcfipts in these embryos suggested the stress in-this group highlighted the
mechanisms used to protectithe embryo against suboptimal culture condition. The study clearly
indicated that determination of mRNA transcripts could describe the metabolic changes that
could not be observed by morphology and could be used as a tool for optimization of in vitro
culture conditioniin feline species.

4.2 Introduction

Domestic cat has been considered as a potential model* for conservation of‘wild felids
essentially via in vitronembryo produetion (IVP) technique.. However, realistic application of the
technique for'endangered wild cat species has'met only a'limited success due to a namber of
critical limitations, such as inadequate numbers and low quality of gametes acquired from wild
cat samples. Although culture system for single embryos has been developed, developmental
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capability of these embryos has been restricted when compared to group culture (Spindler et al.,
2006).

Embryo number (single or group) and embryo density (embryo number: medium volume
ratio) have been demonstrated to affect the developmental competence of embryos in several
species (Paria and Dey, 1990; Gardner et al., 1994; O'Doherty et al., 1997; de Oliveira et al.,
2005). Embryos cultured in group and/or in reducedsingubation volume had often superior
developmental competence than those cultured singly (Pariasand Dey, 1990; Lane and Gardner,
1992; Ferry et al.,, 1994; Keefer et al., 1994; Donnay ciral., 1997; O'Doherty et al., 1997,
Spindler and Wildt, 2002) suggesting the importance of autocrine and paracrine factors on
embryo development (O'Neill, 199%7)Previous studies demonstrated that the developmental
competence of embryos was enhangced by co-culturing with other cells or tissues (Ellington et al.,
1990; Goto et al., 1994) andssupplementation of growth factor in culture medium (Larson et al.,
1992a; b). In addition, blastocyst formation rate of single culture embryo was increased when
cultured in a conditioned medium derived from group—embryo culture in bovine (Fujita et al.,
2006). By contrast, excessive embryo <number/density negatively affected the embryo
development and quality pessibly due fo the aceumulated toxic substances and the aberrant
pattern of gene expression (de @liveira et al., 2005). =«

In domestic cat species, only few studies demonstrate the beneficial effects of increasing
embryo density on the embryo development. /7 vztro development of solitary cat embryos could
be improved by culturing with better or equal,quahty conspecific companion embryos,
particularly companions of an advanced age (Spindl‘en"_anrd Wildt, 2002). Besides the increasing
of developmental competence, single’ embryos co-cultured, with the heterospecific companion
were also demonstrated better quality n-terins of inereasing total cells per embryos (Spindler et
al., 2006). Nevertheless, the study about relationship. between embryo numbers and density is
still not thoroughly determined in this species. Moreover, the insight meghanisms underlying the
developmental outcome are still not clearly clarified.

Recently, examination of gene expression has become as a potentlal tool for assessing the
embryo quality. It pr0V1des valuable data of how the embryos manage to survive in the given
culture condition by altering the production rate of particular proteins (Liu et al., 1997). Heat
shock proteins (HSPs) are one of essential factors allowing the cells to adapt and survive in sub-
optimized condition. The proteinsthave two major funetions namely as molecular chaperone. The
first one involved in protein | folding, assembly, ‘and translocation. The otheris to stabilize the
damaged protein allowing them promptly te-be repaired or degraded in the cell.lexposed to stress
(Santoro, 2000). Normally, most of cellular stress activates similar endpoints — free radical
formation, membrane destabilization, protein denaturation,” DNA damage, and* apoptosis.
Cytoprotective mechanisms including the heat-shock protein tesponse, DNAw repair cycle
checkpoint‘regulation, ‘and “antioxidant systemare commonly-engaged-to proteet cells*from a
variety of adverse environments (Hansen, 2007). HSP70 protects the cell by facilitate folding or
refolding of the proteins (Kampinga and Craig). Since the increasing level of HSP70 expression
indicate the struggle of the embryos to survive in stress condition, this protein becomes as an
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indicator for embryo quality assessment. Previous study in bovine embryos indicated the
correlation between HSP70 expression and the sup-optimized culture condition in IVP system.
For example, increase of HSP70 expression in bovine blastocysts cultured in high numbers (20
embryos/drop) correlated with the decrease of the developmental competence comparing with
those of low numbers (5 embryos/drop) (de Oliyeira et al., 2005).

HSP70 also plays the role in anti-apoptotic function in embryonic cells (Paula-Lopes and
Hansen, 2002). It interacts with intrinsic and extrinsici/pathways of apoptosis at a number of
steps. These include the inhibition of translocation 6f .BAX into mitochondria, release of
cytochrome ¢ from mitochondria, formation off apoptosome and inhibition of activation of
initiator caspases. It also modulates JNK, NK-kB and Akt signaling pathways in the apoptotic
cascade (Arya et al., 2007). Apgptosis-determined as programmed cell death is a common
mechanism used among organisms«to eliminate mutated, damaged or even healthy unwanted
cells (Hardy, 1997). The evidenees of apoptosis iri blastomeres of preimplantation embryos have
been demonstrated in sevesal spegies such as mouse, sheep, horse, cattle, pig and human (Hardy,
1997; 1999; Pomar et al., 2005) and this<phcnomenon occurrs in both in vivo and in vitro
produced blastocysts (Pomar etral; 2005)..Basically, increasing ineidence of apoptosis in
cultured embryonic cells indicates the sub-optimized eulture condition (Fabian et al., 2005). To
balance between live and death of cells, two well- Iénown pro-apoptotic BAX (Bcl-2 associated
X) and anti-apoptotic BCE-2 (B-cell' lymphoma proteln 2) proteins play an important role in
balancing the homeostasis. BAX protein ditectly responses to the damage of mitochondrial
membrane contributing to the further steps of apjopiqt_ic process, while BCL-2 protein can
prevent the cell from this damage by, capturing with BAX protein. Apoptotic process could be
occurred if the amount of pro-apoptotic-protein is highér;ﬂlin anti-apoptotic protein (Giam et al.,
2008). So, the ratio between BAX and BOLE-2 (BAX/BCL -2 ratio) is commonly used to predict
the cell fate (Perlman etal., 1999). '

Measurement of developmental competence combined with-thS expression of survival
related genes, apoptotic (BAX and BCL-2) and stress response genes (HSP70) therefore may
provide the mechanism hew the embryos respond to the specific culture condition. This study
aimed to define the effect of embryo density on the developmental competence of feline embryos
cultured in group or singly by morphology and gene expression.

4.3 Materials and methods
All chemicals were purchased from.Sigma-Aldeich'(St. Leuis, USA), otherwise indicated.

4.3.1 Oocyte recovery

The ovaries fremiovariohysterectomized domestic cats were collected inva 0:9% (v/w)
saline solution supplemented with 100 IU/ml penicillin'and 100" ug/ml streptomycin. Within 2 h,
they were washed and minced in holding medium (HM) consisting of Hepes-buffered M199, 1
mM sodium pyruvate, 2 mM L-glutamine, 100 IU/ml penicillin, 100pg/ml streptomycin and 4
mg/ml bovine serum albumin (BSA, embryo tested) to recover the cumulus oocyte complexes
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(COCs) under a stereomicroscope (SMZ645 Nikon, Tokyo, Japan) at a magnification x 40. Only
COCs surrounded with more than five layers of compacted cumulus cells and containing with a
homogeneous-darken ooplasm were used in this study (Wood and Wildt, 1997).

4.3.2 Oocytes culture

In vitro oocyte maturation was essentially performed as previously described
(Sananmuang et al., 2010). Groups of 20 to 30 COCsweie cultured in 500 pl of IVM media
(NaHCO3-M199 supplemented with 1.0 mM sodium pyruvate, 2.0 mM L-glutamine, 100 TU/ml
penicillin, 100 pg/ml streptomycin, 4 mg/ml BSA and 25 ng/ml EGF) containing with 0.05
IU/ml recombinant human follicle stimulating hormone; rhESH, (Organon, The Netherlands) for
24 h.
4.3.3 In vitro fertilization \

In vitro fertilization'was esscatially performed as previously described (Sananmuang et
al., 2010). After oocyte cultuge, the'cumulus were partially removed by gently pipetting, and a
group of 8 to 10 oocytes were eultured in 50-ul.drops of 1VF media (Tyrode’s balanced salt
solution containing 1% MEM non=essential amino aeid (NEAA), 6 mg/ml BSA, 100 IU/ml
penicillin, 30 pg/ml heparin and IVEX100) (Pope, i"2004) The semen was collected from two
fertile cats, and then frozen (Roga ctal., 1997) with: minor modifications. In brief, the cats were
anesthetized with 0.04 mg/kg atropine sulphate (A,.N.B. Laboratories, Bangkok, Thailand), 3
mg/kg xylazine hydrochloride (Laboratozios calier, "Bgtrcelona Spain) and 10 mg/kg ketamine
hydrochloride (Gedeon Richter, Budapest, Hungary). Tl}g semen was collected by electro-
ejaculation (Zambelli and Cunto, 2006). The semen were cryopreserved by placing the straws
horizontally 4 cm above liquid nltrogen vapors for' LO'min and then plunged into liquid nitrogen.
After thawing at 70°C fer 6 sec, the sperm were subjectlvely evaluated, and only sperm that had
more than 50% progressive motility were used for the in vitro fertilization. The frozen-thawed
sperm from 2 proven toms were washed twice. The sperm with a final congentration of 0.5 x 10°
sperm/pl were co-incubatediwith matured oocytes in 50-pl drops for 18-h.

4.3.4 Embryo culture

After co-incubation with Spermatozoa, cumulus-cells were removed by gently pipetting.
Presumptive zygotes, were then washed and 'cultured 'in synthetic ‘oviduetal fluid (SOF)
containing 4 mg/ml BSAL100 pg/ml stieptomycin ‘and 100 [IU/ml penicillin’ (IVC-1 media).
After culture for 24 h in IVC-1 media, only cleaved embryos were then washed and cultured in
IVC-2 media (SOF containing 10% (v/v) FCS (Gibco®, Invitrogen, CA, USA))."Media were
overlaid with' mineral 'oil“and changed every two days. In all cases, in vitro, culture was
performed at 38.5°C in a humidified condition ot 5% CO, in air
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4.3.5 In vivo produced embryos

Surgical collection of feline embryos was performed according to the Ethical committees
of animal ethic, Faculty of Veterinary Science, Chulalongkorn University (accession no.
0831078). Four queens were induced their estorus cycles by intramuscular injection (i.m.) with
150 TU equine chorionic gonadotropin (e€@G, Intervet-Schering Plough, Boxmeer, The
Netherlands) (Figure 25). The response of eCG injection was checked by observing changes in
estrus behavior, characterized by the continuous rubbing of head and neck against the objects,
contant vocalizing, lordosis posturing and rolling (Figure 26A). After eCG injection for 96 h, the
queens were received 150 IU human chorionic_gonadotropin (hCG, Intervet-Schering Plough,
Boxmeer, The Netherlands), 1.m. to-ensure the ovulation and simultaneously allowed to mate
with a tom cat (Figure 26B). The naturalimating was performed threc times a day at 3-h intervals
on the first and second days«(day Ojpafter hCG injection (Figure 25). Ovulation was expected to
occur 24 to 28 h after mating/h€G injection (Sojlfa et al., 1970). On day 7 post hCG injection,
embryos were recovered from the/oviduct and uterine horn by flushing with HM (Figure 27-28).
The embryos classified as blastocysts (Figure 29A) were washed twice in PBS containing with
0.1% BSA and immediately stored at:-80°C in.a minimum volume (less than 2 pl) into a 0.6 ml
sterile eppendorf tubes for further analysis. Those not classified as blastocysts (Figure 29B) or
undeveloped/fragmented embryos (Figure 29C) wer_éddiscarded.

96 h. Do D1 T DY DR i D5 D6 D7
; ——t : ; : — : :
eCG Nols = OVII
150 IU, 15010, .
L.Im. i

!

Mating] Mating

Figure 25. Schematic figure of treatment used for in vivo emibryo production in domiestic cats.
The queens were administred with150.1U eCG for estrus|induction: Approximaicly 96 th after
eCG 1njection, the ovulation was induced:by (150 IU hCG injection and mating with _cat. The
embryos were recovered from the queens by ovariohysterectomy on day 7 after hCG injection.
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Figure 26. The response of e@G injection 7- ed by g changes in estrus behavior,
characterized by the coatinuous oing O e head and ainst the objects, constant
vocalizing, lordosis posturing ai : ;‘:' h later, ion was induced by hCG
injectin and mating with tem (B)s Estrua wer ed w ‘ ee times per day on the
first and (day 0) second days aff jéction. | '

Figure 27. Ov rin riohysterectomy
(A). The ovarlﬁ Eﬂ tmg W L)I: ﬁe the number of

ovulated oocytes

ammﬂmumwmaﬂ
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Figure 28. The embryos Wér

HM. The embryos in the flushing ight microscope.
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e
Figure 29. Day 7 cat embryos acquﬁMé’df:n__ crine flushing
production. The embll:y classified as blastocysts o

after performimg in vivo embryo
erg’ washed twice in PBS

containing with 0.1% BSA.and-imincdiately.stoicd.at-80-C i aminimum volume (less than 2
ul) into 0.6 ml eppenderfitubes. Those not « ] da 7 (B) or undeveloped

or fragmented embryos ( ere disca

| i
4.3.6 Assessment of embryo‘ievelopment

The percentage of cleav 08, ( 6 =16 cells without blastocele)
and blastocysts (= Oﬁs%jh bl s‘%eﬁnﬁn) eﬁ%}%ﬂ‘;ﬁg and 7 of IVC,
respectively. a'and ‘blastocyst rates “Wwere calculated relatively to the cleaved embryos,
while hatching ratés were calculated relatively to the number of blastocyst. To count the number

i, ts were in 49 V) para ptatd°C for2 days before

T R
PBS at 37°C for 10 min. Fragmentation was calculated relatively to the total embryonic cell
nuclei under an epifluorescent microscope (BX51 Olympus, Shinjuku, Japan).




57

4.3.7 RNA extraction

Absolutely RNA Nanoprep Kit (Stratagene, San Diego, CA, USA) was used to extract
total RNA from five blastocysts acquired from the same replication following the manufacturer’s
instruction at the room temperature. Briefly, blastocysts were lysed using lysis buffer containing
with 0.7% (v/v) B-Mercaptoethanol (B-ME). Cell lysate was added with equal volume of 80%
sulfolane. The mixture was then transferred to RNA -binding nano-spin cup and was centrifuged
at >12,000 x g for 60 sec. The filtrate was discarded andire-seated spin cup was added with low-
salt wash buffer. After centrifugation, the filtrate was discarded and the cup was re-seated and
dried by centrifuging at >12,000 x g for 60 sec. DNase I (Stratagene, San Diego, CA, USA) was
added onto the fiber matrix inside«the cup and was ineubated at 37°C for 15 min. After
incubation, the fiber matrix was washed.once with high-salt washing buffer and twice with low-
salt washing buffer. RNA was'eluted'with 12 pl RNase-free water by centrifugation (>12,000 x g
for 5 min). Extracted RNA was assesscd the quality and quantity using spectrophotometer
(Nanodrop ND-2000, Wilmingtons Delaware, USA) and was immediately stored at -80°C.

4.3.8 Reverse Transcription (RT) -

RT reaction (20 ul) was performed using First=Strand ¢DNA Synthesis Kit (SuperScript
III Kit, Invitrogen, Carlsbad CA, USA) following tfl@ kit manufacturer’s protocol. Initially, 8 pl
of extracted RNA was inctibated with 1 ul of rando}n_hqxamers (50 ng/ul) and 1 pl of 10 mM
dNTP mix at 65°C for 5 min, then immediately placed on ice for at least 1 min. After chilling on
ice, the reaction was then added with the.mastermix 'cé'nj;aining 2 ulof 10xRT buffer, 4 pul of 25
mM MgCly, 2 pl of 0.1 M DTT, I ul pfFRNaseOut (40U/ul) and 1 pl of SuperScript IIT RT (200
U/ul). The reaction was further incubated-at 50°C for 50 min followed by 85°C for 5 min. RNA
template from the cDNA:RNA hybrid molecule was r_emqyégl by digestion with 1 ul of RNase H
(2U/pl) after first-strand, synthesis at 37°C for 20 min. The product was stored at -20°C for
further use in PCR.

4.3.9 Quantitative Real-'Fime PCR

The mRNA transcript levels of individual target genes (HSP70, BAX and BCL-2) were
normalized to the endogenous normalizer (GAPDH: Glyceraldehyde 3-phosphate
dehydrogenase), and were run inSeparate wells. The PCR was performed using the ABI PRISM
7300 Real-time eycler (Applied Biosystems, Foster City, CA, USA) with Power SYBR Green
PCR Master Mix (Applied-Biosystems, WA, UK). Each 'PCR zeaction (total ‘wvolume of 20 ul)
consisted of 2 pliof reverse transcription product (equivalent to 0.5 blastocyst) and 18 pl of
reaction mixture which consisted of 10 pl of SYBR Green Master Mix, 1 ul of*both 5 uM
forward and,reverse primer (Table 10) and 6 [l of nuclease free water. The primers Were used
according to the previous reference‘except forHSP70 primer. It was designed from heat shock
protein 70 mRNA, complete cDNA of rat (Accession number: L16764) using the LightCycler
Probe Design Software Version 2.0. HSP70 amplicon were purified with NucleoSpin® Extract II
kits (Macherey-Nagel, Germany) and both strands were sequenced using the same primers. The
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sequences derived from both strands were assembled using BioEdit Version7.0.8.0. Assembled
sequences were then blasted in the NCBI gene bank to determine the similarity to other species.
Thermal cycling conditions were as follows: 10 min at 95°C to activate Tag DNA polymerase,
45 cycles of 15 sec at 95°C for denaturing, 30 sec at 55°C for annealing and 60 sec at 72 °C for
extension. PCR products were confirmed by melting curve analysis and running in gel
electrophoresis. The amplified products were run in.2% agarose gel (Bio-Rad, CA, USA)
prepared in 1 x TBE buffer (90 mM Tris, 90 mM boric.acids 2 mM EDTA, pHS) containing 0.4
mg/ml ethidium bromide (Promega, WI, USA). The separated products in agarose gel were
visualized under UV light (Syngene, CB, UK). Three sets of embryos were analyzed for each
gene evaluation. All PCRs were duplieated for every transeripts of interest.

The Sequence Detection System (SDS) Software Version 1.4 (Applied Biosystems, USA)
was used to analyze the gelativesquantitation’ (RQ) by comparative Cr method using the
blastocysts derived from in viye (IV.V) asa contfpl group. RQ was reported as relative n-times
difference, in relation to the'eontrel sample. In brief, the ACy was caleulated from the target gene
Cr (HSP70, BAX and BCL-2) /subtracted . with endogenous normalizer (GAPDH:
Glyceraldehyde 3-phosphate dehydrogenase).Cq. AACt was formulated from ACt 1vp embryo- ACt
IVV embryo and the RQ was calculated from 2 LA

!
Table 10. Description of forward (EP) and reversé_j(_RP)_ primers used to assess expression of
target genes in blastocysts acquired from varied cultu,rci conditions.

b F B
f . b o Fragment  Genebank accession
Genes Sequence (5°-3" orientation) - 5

., length (bp) number or Reference

HSP70 FP: ATCCAGGTGTACGAGGG = 190 L16764
RP: TGGTGATCTTGTIGGCCT o

L

FP: CCGATGGCAACTTCAACTGGG :

BAX RP:GTCAGCACTCCCGCCACAAA:GL; 244 4 (Zhao et al., 2008)
BCL- FP: GGAGGATTGTGGCCTTCT e (Yamazaki et al.,
] RP: GTTATECTGGATCCAGGTGT : 2004)

FP: GGAGAAAGCTGCCAAATATG
GAPDH " 191 & (Sano et al., 2005)

RP: CAGGAAATGAGCTTGACAAAGTGG

4.3.10 Statistical analysis

Three to four independent replicates*were performed in“each experiment. The data were
expressed as a mean + standard error (SE). Values were analyzed using one-way ANOVA
statistical test.and DUNCAN analysis, for statistical difference.among, groups..Differences, with a
P<0.05,were considered statistical significance.
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4.3.11 Experimental design

Experiment I: Effect of embryo density on developmental competence of cat embryos
cultured in group or singly

Cat COCs were matured and fertilized in vitro. To evaluate the effect of embryo density,
in Trial 1, 10 cleaved embryos were cultured in different culture volumes (12.5, 25, 50, 100 and
200 pl per drop) to acquire density of 1:1.25; 1:2.5) 45,41:10 and 1:20. The developmental
competence was determined by morula and blastocyst ratcs«n relation to the number of cleaved
embryos. Blastocysts at day 7 were fixed and stained with DNA labeling to count total cell
numbers and fragmentation. In Trial2; COCs were similarly matured and fertilized in vitro as
described above; however, 1, 5 and«10 gleaved embryos were cultured in same culture volumes
as Trial 1 to evaluate effect.of single culture in comparison to group culture systems on embryo
development. |

Experiment II: Effect of embgyo density on the transeripts of BAX, BCL-2 and HSP70
genes of cat blastocysts culturedin group oisingly

In vivo produced blasto€ysts were used as control group for relative transcript analysis.
To evaluate culture density’s effeet on gene expres‘éion expanded blastocysts on day 7 derived
from embryos cultured in the density of 1:1.25, 1:5 and 1:20 from Trial 1 were selected as the
representative culture densities for telative transcrlpt anaIy51s Effect of embryo number (single
and group culture) on gene expression was determme(i,_as well. Expanded blastocysts on day 7
derived from 1, 5 and 10 embryos euitured in 200 plifrom Trial 2 were selected as the
representative culture number for relative transcript%n%fysis The produced blastcysts were
washed twice in PBS containing with-0.1% BSA. The pooled embryos (n=5) were then collected
in a minimum volume (less than 2 ul) of ‘washing into a 0.6 ml eppendorf tube. The samples
were immediately stored at -80°C until further use.

4.4 Results

4.4.1 Experiment I: Effect of embryo density on developmental competence of cat embryos
cultured in group or singly

In Trial Iy cleavage rates of embryos used in“the"current experiment was approximately
50 to 70%. Morula rates were noi different.among culture densities (Table 117). Blastocyst rates
acquired from culture density of 1:1.25 was significantly lower than those 1:5, 1:10 and 1:20
(P<0.05), while blastocyt rate of 1:2.5 was also_significantly lower than those 1710 and 1:20
(P<0.05). Hatching ratesyblastocyst eell numbers and cell fragmentation were tended to.improve
when the culture density was less than 131.25 (Table 1 1"and Figure 30).
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Table 11. Mean percent = SE of developmental competence of cat embryos cultured in a group
of ten in different medium volume / density

Culture Culture Cleaved embryo Fracmented

volume Y ) N developed to Hatching  Cell number 8
density , cells

(ul) Morula

12.5 1:1.25 50 .0° 69.1+42.7* 19.5+12.1°

25 1:2.5 50 180.1+41.8°  22.5+6.6"

- 140.5+15.4% 14.3+1.4%
14924149 14.4+15°
52.2428.0% 14.3+1.2°

50 1:5 60
100 1:10 50
200 1:20 60

a, b, c

Values within columns With Giietyfegsainy ° significantly different (P<0.05). N =
Total number of cleaved embty: ' ST 8 )

In Trial 2, cleavag 0 70%. Single, five and
ten cleaved embryos were cu. , tur r ording to the experimental
design. Morula rate was similar among c ¢ conditions (approxi 80 to 95%). Blastocyst

rates of embryos cultu 50, 100 and 200 pl was
significantly higher than thog _ ifference of blastocyst rate
was observed in five and single en cultured -ai ong ’ Iture volumes (P>0.05)
. ' e ' entation (data not shown)
(Figure 31B) of 1, 5 and 10 emt mj anmong mes was not significantly

different (P>0.05). However cell § aglﬂmgﬁo‘t‘én : in 5 and 10 embryos cultured
. . . L o o il : .
in decreasing volume (Figure 31B). I comparison b °n group and single culture, embryos

cultured in group tended to devel(_)j{jjfﬁ'eﬁ than single cultured, especially in high culture
- __,"i';.- --;_',_,—;. - .

volumes (P>0.05). At-200 pl; blastocysts derived singly demonstrated

significant high fragmentation rate compared with | p (P<0.05) (Figure

AUEINENINEYINS
RIAINIUNRINEAL
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Figu bryos:
medi e). b“125 A Igr O (D)
and 1: ). (F) atc 1ng lastocys \eir deve opments were assessed under br1 t field

V1suahzatlon via light microscope (SMZ645 Nikon, Tokyo, Japan).
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A Medium volume (pl/drop) _‘B Medium volume (pl/drop)

Figure 31. Developmental competencc.and morphology of cat embryos cultured in different
numbers (1, 5 and 10 embryes) in.different medium volumes (12.5, 25, 50, 100 and 200 pl).
Percentage of blastocyst (A) and fragmentation <'|of blastocyst eell nuclei (B) were compared
among those cultured in different'medium volumes. “® Values with different superscripts were
significantly different (P<0.05)fwithin the different medium volumes of group culture embryos
(10 EBS). An asterisk indigated the significant difference of fragmentation rate between group

and single cultured embryos at 200 ul (P<0.05). - & =
J

4.4.2 Effect of embryo density on the transcrlpts of BAX BCL-2 and HSP70 genes of cat
blastocysts cultured in group or singly * ~?

By applying a PCR-based approach, we partlgll_y determined the feline-specific mRNA
sequences of HSP70 (Figure 32): High similarities (93 to‘j, 96% nucleotide identity) of HSP70
mRNA sequence were found between’ ‘feline and other_sp_emes (Table 12). This HSP70 designed
primers were then used for quantlﬁcatlon of expressum levels of HSP70 genes feline blastocysts
by real-time PCR. The melting curve analys1$ showed no pr1mer—d1mers or nonspecific products
in all assays (Figure 33-t6 36). The PCR product sizes of BAX, BCL2 and HSP70 transcripts
derived from in vivo produced blastocysts were confirmed correct amplicon sizes by running in
the gel electrophoresis (Figure 37). As differences in development were observed after culturing
the embryos in the density of 1:1.25, 1:5 and 1:20 (Expcriment I, Trial 1), we selected only
blastocysts derived from these densities for transcripts analysis of HSP70, BAX and BCL-2. The
HSP70 (Figure 38A) and BAX (Figure 38B) transcripts/of blastocysts cultured in the density of
1:1.25 were significantly higher than thelotheis/ (P<0.05).  Although BCL+2"transcripts (Figure
38B) did not significantly differ @mong all experimental groups (P>0.05), the BAX/BCL-2 ratio
of blastocysts in 1:1.25 density was higher than the others (Figure 38C).
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Query 1 TGGTGATCTTGTTGGCCTTGCCCGTGCTCTTGTCCGTGGCCGTGACGTTCAGGATGCCAT 60

Lrrrrrreeeerrrrrrrrrrr e el
Sbjct 1507 TGGTGATCTTGTTGGCCTTGCCGGTGCTCTTGTCCGTGGCCGTGACGTTCAGGATGCCGT 1448

Query 61 TGGCATCGATGTCGAAGGTCACCTCGATCTGGGGCACTCCCCGTGGG-GCCGGGGGGATG 119

CErrreeeeerererrrrrrr e rrrrrrrrrr rrer rerr rerrr rrrrd
Sbjct 1447 TGGCGTCGATGTCGAAGGTCACCTCGATCIGECGECACGCCCC-TGGGAGCCGGCGGGATG 1389

Query 120 CCGCTCAGCTCGAAGCGCCCCA 13‘ i ¢ e’ CATGGCCCTCTCACCCTCG 179
L | ‘ | FEEEEErrrr et

Sbjct 1388 CCGCTCAACTCGAAGCGCCCCAG GTg BC A CCCTCTCGCCCTCG 1329
Query 180 TACACCTGGAT

Sbjct 1328 TACACCTGGAT

Figure 32. The alignment SP70) mRNA, partial coding
sequence (Query) and rat he protein 7 HSP70) nRNA, complete coding sequence
(L16764.1) (Subject). T feling MRNA' prc Wa : and the position of the

Table 12. GenBank accessioh nuf ‘_ RN logy of HSP70 gene between cat and

other species
Species mRNA identity (%)
Rat (Rattus norvegicus) 94
Mouse (Mus Musculus) 93
Human (Homo sapiens) 93
Canine (Canis lupus familiaris) 95
Bovine (Bos Taurus) .~ AYo0 —_— e 96
Swine (Sus scrofa) y__& 3 B 95
95

Buffalo (Bubalus bubalis) E
AU INENTNGINS
RN IUNRINYIAE
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Figure 33. Melting curve ysi§ of GAP ' ed at | he real-time PCR. There
were no significant primer-dimers o ! w i ent on the curve.
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Figure 34. Melting curve analysis of HSP70 performed at the end of the real-time PCR. There
were no significant primer-dimers or nonspecific products present on the curve.
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Figure 35. Melting curve analy, f BA . of the real-time PCR. There
were no significant primer-di 0 , rest the curve.
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Figure 36. Melting curve analysis of BCL-2 performed at the end of the real-time PCR. There
were no significant primer-dimers or nonspecific products present on the curve.
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Figure 37. The amplicon sizes o CR l;nnl‘.i" { 0, BAX, BCL-2 and GAPDH) acquired

from real-time PCR were confirmed mt"qm:rcct SiZ | electrophoresis. They were run on
2% agarose gel contained with ethidil-bromide i 'BE buffer and were visualized under
‘I} ; Al o+ 2
UV light. :1 e -'*':5_.," v %
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BCL-2
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Figure 38. The comparison of § # tra == P70 A), BAX and BCL-2 (B) and
BAX/BCL-2 ratio (C) analyzed by rngm’f;e ¢ blastocysts produced in vivo (IVV)
and in vitro. The in vitro derived blast,ggym rom groups of ten embryos cultured
in the density of 1:1.25, 1:5 and=T'307V "’Iﬁ';va ; ained from three independent
replicates. Bars 1ndlcq‘£a upper and lower range of v ergnt superscripts denoted

values that differ signif

Due to the signiﬁﬁt di ocys ‘el nuclei after culturing
the embryos with different-numbers (1, 5 and 10 embryos) in 200 pl (Experiment I, Trial 2), we
selected only those blastocyiis derived from these wps for transcrlpt analy51s HSP70 and

BAX transcrlp Vitr those of in vivo
(P<0.05) (Figure %EHO ever Ey ?%ﬁ tly f ent among in vitro
blastocysts cultu ent numbers On the oth o significant difference

of BCL-2 transcripts (Figure 39B) and BAXsBCL-2 ratio (Flge 39C) was observ&"among the
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Figure 39. The comparison of specific: transcrlptq aﬁ.a,l-y-zed by real-time PCR in feline
blastocysts produced in wivo (IVV) and in vitro at different numbers (}' 5 and 10 embryos) in
fixed volume (200 pl): N dent replicates. Bars
indicated upper and low& range of values. > different superscripts d_endted values that differ
significantly (P<0.05). EB = embryo |

4.5 Discussion

In this study, embryo “density and_ single culture condition affected developmental
competence andiigene expression of in vitre produced feline embryos. The effect of embryo
density was mainly observed only in ‘embryes cultured in ‘group-of ten. Effectof same densities
in different embryo numbers was not determined in the study and should be regarded as
limitation for our result’s implication. Effect of single embryo culture condition was evaluated
by culturing I, 5 and 10 embryos in the different media volumes. Fiverand ten embryos were
regarded as the control groups. Since the culture” volumes Wwere commonly used for feline
embryo culture, only culture volumes but not densities were controlled in our culture condition
and should be noted for our result’s interpretation. High culture density reduced developmental
competence and quality of feline embryos cultured in group of ten by decreasing blastocyst rate
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but increasing cell nuclei fragmentation of blastocysts. On the other hand, various culture
volumes in this study did not affect developmental competence in single cultured embryos.
However its developmental competence was tended to be lower than that of group culture control
(5 and 10 embryos cultured in groups). The relative transcript analysis indicated the dramatically
increase of stress-response (HSP70) and pro-apoptotic (BAX) transcripts in blastocysts derived
from ten embryos cultured in high density, while no.difference was observed among those
derived from embryos cultured individually or in groups.at 200 ml culture volume.

The effect of embryo density on the embryo development was previously determined in
other species. It could provide both positive and megative aspects on embryo development. The
positive aspect related to embryo-derived factor stimulating the embryo development, while the
negative one related to the accumulation of embryotoxic elements normally secreted from cell
metabolism (Gardner et al . 41994; Bavister, 1995). In bovine, high embryos density negatively
affected the embryo development and the expression of cellular marker (HSP70.1) (de Oliveira
et al., 2005). In this study; highculture density (_1:1.25) detrimentally affected developmental
competences of group cultuged feline embryos (fen embryos per drop) by reducing their
blastocyst rate, but increasing their fragmentation.(Table 11 and Figure 30-31). On the other
hand, the effect of embryo density/was not obviously different after culturing the embryos in
group of 5 or 1 embryo (Figure 31). It had to bef'lr_loted that culture volumes used for single
culture were 10 times lesSer in densities in compir_isop_ to ten embryo cultured in the same
volumes. These tremendous differences possibly rﬁéskéd density’s effects in single culture.
However, embryos cultured in group of 5itended to"dé\zeloped better in terms of blastocyst rate
and the fragmentation of blastocyst cell nuelei after cultuqqg in higher culture volumes, similar
to the group of 10 embryos (Figure 31). —

Besides the embryo density, embrye number (g;rOUp and single culture) also affected the
success of IVP in several species (Spindler et al., 2006). Previous. stugdies in mice (Lane and
Gardner, 1992), sheep (Gardner et al.. 1994) and bovine (de Oliveira ¢t al., 2005; Fujita et al.,
2006) demonstrated deyelopmental improvement of embryos cultured in group comparing with
those cultured singly. Results from the study supported beneficial -effects of group cultured
embryo comparing to singlé cultured since embryos cultured in group tended to develop better
than those cultured singly in high culture volume (Figure 31A).

The developmental incetiipetence of in vitro“cultured embryos could be resulted from
many factors. Poet blastocyst rate may not always correlate with the embryo™ poor quality since
there was no differencé.ameng the embryo.morphology (Figure.30). Several methods have been
developed to appraise embryo quality including gene expression analysis.  Study of
transcriptions can beneficially imply the metabolic quality=of embryos with indiscriminate
morphelogy and the response of the cell under the given condition (Wrenzyckiwet al., 2005).
Good quality ‘embryos usually express high-level of survival promoting=genes, but low=level of
apoptotic promoting genes (Lonergan et al., 2003b; Lonergan et al., 2003c). Alterations of these
gene expressions could affect embryo viability and further gestation (Niemann and Wrenzycki,
2000; Niemann et al., 2002). As previously described, in vitro culture embryos usually faced



70

with the stress caused by improper culture environment including high culture density. Since
data about transcriptional change in feline embryos cultured in high density is still limited,
HSP70, BAX and BCL-2 genes were used as potential markers for assessing feline embryos
quality correlating with their morphology. They also help determining the response of the cell to
the culture condition which probably relating to the factor of developmental incompetency. As
previously described, increase of HSP70 expression eould protect cells from stress-induced
molecular damage by facilitating cellular recovery (Santowe. 2000) and protecting them from
BAX induced apoptosis (Arya et al, 2007). In compatison of HSP70 expressions acquired
among different in vitro culture densities, the results suggested detrimental effect of high culture
density (1:1.25) on embryos’ stress«(Figure 38A). Interestingly, this was co-related with poor
morphology of these embryos, as well. Cortrelation between increasec of DNA fragmentation and
up-regulation of BAX and BAX/BEI -2 tatio of embryos cultured at this density (1:1.25) was
also demonstrated in this studysSinge the functicin of HSP70 on anti-apoptosis does not affect
BAX expression (Figure 40) (Arya ct'al, 2007), embryos expressed high level of both HSP70
and BAX could indicate the stip-optimize cultured in high density. The result, thus suggested
embryonic cell stress (Lufifand Dixy 1999; Neueret al., 1999) inducing apoptosis (Betts and
King, 2001) due to high cultuge density. The stress inhigh culture density could be due to the
oxidative stress which was one of many causes o'f stress triggering the expression of HSP70
(Arya et al., 2007). This stress could be caused from the excessive accumulation of embryotoxic
elements such as radical oxygen specics (Fu]ltam c;t al., 1997) and ammonium (Gardner and
Lane, 1993) secreted from crowded embryos (O'Doher{y,e_:t al., 1997; de Oliveira et al., 2005) or
even an inadequacy of nutritional requirement and pH imbalance (Swain, 2010). Recently, there
are the evidences suggesting the role ofieactive oxygéﬁ—-gp'écies (ROS) generated from the cells
in the initiation of apoptotic cell death (Kane et al., 1993 Guerin et al., 2001) which is
responsible for embryo fragmentatlon and related embryonlc loss (Yang and Rajamahendran,
2002). Due to these reasons. morphological and molecular evidences acquired from this study
partially supported the coutribution of high culture density to stress induced apoptosis of in vitro
cultured feline embryos. However other techniques to determine cmbryo quality and apoptosis
should be included to further confirm this implication.

To determine the mechanisms underlying the developmental incompetence of single
culture embryos, transcripts  of ‘stress and apoptosis«genes were evaluated among different
numbers of cultured ‘embryos in fixed highest media volume (200 pl) to, minimize the effects of
density. The acquired fesults revealed no difference i transeripts of stress ‘and-apoptotic-related
genes (Figure 39A-C). The data implied that developmental incompetence of embryos cultured
singly was not due to stress like those cultured at high demsity. One possible cause of their
developmenial incompétence was the lack of paracrine factors related to growth (Kaye and
Harvey, 19955 Matsur et al., 1995; Herrler et al.,"1998). To prove 'this hypothesis, further study
related to the effect of growth factor supplementation on single embryo culture should be
performed.
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comparmg with those of in vivo were demonstrated in several species (Long et al., 1998; Melka
et al., 2009). These evidences supported the idea that BAX up-regulation was a consequence of
inappropriate in vitro culture condition and at least partially responsible for the death of embryos
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(Lonergan et al., 2003b; Melka et al., 2009). According to the study, this suggested the sup-
optimize culture condition, irrespective the culture density.

In conclusion, effects of density and number of embryos in culture condition on their
developmental competence were clearly demonstrated by both morphology and gene
expressions. Embryos’ stress inducing apoptosis appeared to be responsible for incompetency at

high culture density. Accumulation of might be the cause of the stress
Incompatible transcripts of in vivo @ os also implied us several other
factors affecting development of embiyos. Ev iz lhe'low culture density could improve
the developmental competence of cultured mbr f these stress and apoptotic
related genes were still higher t ¢d in vivo. This seems to be the important factor

caused the limited success
morpholo gy but different

."*L:,_‘ trated embryos with same
\ herefore, observation of both
ther for potential optimization
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CHAPTER V

GENERAL DISCUSSION AND CONCLUSION

Current strategies: Optimization of in vifro embryo production in domestic cat

Nowadays, in vitro embryo production (IVP)has'become an important technology for
wild life conservation. The technique 1S commonly applied foi-animal propagation and numerous
researches about animal reproduction and embryology. In felidae family, most of 36 wild species
are threatened and nearly extineted (Fasstad, 2000). The development of IVP in these species is
then remarkably progressed. Dueto the limited availability and accessibility of gametes acquired
from wild cats, domestic eat'is commomly used as a model for wild cats study (Goodrowe et al.,
2000). '

Even though the successiof this techinology has been reported in domestic cat by giving
birth of kittens (Gomez et al:,; 2000), its efﬁcienéy'is still low by which only 30 to 40% of
oocytes can develop to blastocysts (Farstad, ZOOO)f There are scveral factors contributing to the
differences beween in vivo and in vitro produced errj.br};()s and thus influencing on IVP efficiency
and success. These differences involve both' morphological and molecular aspects which can
influence on not only embryo survival tate.but also‘phenotypic disorder of fetuses and offspring
(Wrenzycki et al., 2007). Initial ooeyte quality, follicular environment and culture environment
are considered as main factors wesponsible for thesé’_'qﬁer_rant outcomes (Pope et al., 2006b).
Although mammalian embryos have’a giéat plasticity allowing them to survive in vitro, they
usually have low quality and viability in## vitro environment (Lane, 2001). These are due to
incompatibility between in vitro and invivo envitoriment resulting in the altered morphology and
gene expression of the produced embryos (Wrenzycki et al., 1996; Wrenzycki et al., 2005). In
persuing of these unrelening-researches;-our-study-continued-toroptimize in vitro environment
for feline IVP. The study demonstrated the effect of culture environmenton the success of IVP
in domestic cat in terms of developmental competence and quality of embryos evaluated from
phenotypic and molecular-changes. We expected that the knowledges acquired from this study
could provide the valuable data_on how the embryo response to the provided culture condition,
and thus help optithizing swpitable-culture condition, for-wild feline embryos«in the future.

Decreasing of developmental competence of in vifro matured oocytes compared with in
vivo matured oocytes has been known as one of the important factors resulting in the failure of
IVP in feline specie (Farstad, 2000; Roth etial., 1994). During oocyte growth in vivos follicular
environment-offers the suitable eondition| toy complete™the maturation [proeess™ Inticontrast,
incomplete of cytoplasmic maturation «or ;asynchronization between nuclear and| cytoplasmic
maturation usully occur in oocytes matured in vitro (Gomez et al., 2000; Bogliolo et al., 2004).
These events impair not only ability of oocyte to undergo meiosis resumption but also ability to
complete the fertilization process and development to blastocyst stage (Ajduk et al., 2008).
Several methods including addition of particular chemical substances in culture condition are
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invented to improve developmental capacity of in vifro matured oocytes. Roscovitine, a potent
cyclin-dependent inhibitor of the MPF activity has been applied for this purpose in several
species (Mermillod et al., 2000; Hashimoto et al., 2002; Schoevers et al., 2005). The effect of
roscovitine was previously demonstrated as species-specific; therefore, this study aimed to
evaluate roscovitine’s effect on in vitro feline oocyte maturation. Since oocyte quality is a crucial
factor for the success of fertilization and embryo development (Wood and Wildt, 1997), we
examined effects of roscovitine on both good (Grade I) and poor quality oocytes (Grade II to III).
The study exhibited that the ability of roscovitine to'amest meiotic resumption at GV-stage
oocytes was dose-dependent manner without detrimental effect on meiotic resumption after
culturing in IVM medium. Howeyverit did not improve meiotic competence of poor quality
COCs. Moreover, both good and poer quality of feline oocytes pretrcated with roscovitine for 24
h prior to IVM demonstrated*poorer developmental competence by means of cleavage, morula
and blastocyst formation than mon-zoscovitine-tréated control groups. These results contrasted
with some previous reports that tescoviting did nét impair subsequent development of goat and
bovine oocytes (Mermillod et al., 2000; Han et al., 2006). The result thus supported the species
specific effect of roscovitine. Detrimental effect of roscovitine was linked to its negative effect
on cumulus cells viability. Since high goncentration of roscovitine contributed to the high
incidence of cumulus cell apoptosis, it'was a most 1i1l<_e:ly cause of poor embryo development after
roscovitine treatment observed in this study. Howev_ér_,.th_.f;re are other factors influencing on the
potency of roscovitine on the developmental capacitj} of oocytes such as incubation time and
culture conditions (Hashimoto et al, 2002; Han et al.‘;iD.OV6).

Commonly, proportion of embsyos developing te the blastocyst stage can range from
40% to > 60% of in vitro cultured embiyos (Freistedt et al., 2001; Karja et al., 2002; Gomez et
al., 2003). Several types of culture media have been deyql_dpeg for feline embryo culture. These
media are usually formulated and contained with Tnutrients fonmeet embryo requirements.
However, they are stillZnot precisely optimized and can cause molecular and phenotypic
alterations in embryos, fctus and neonates (Farin et al., 2001; Lonergan cf al., 2006). Common
media used in feline embryo culture are synthetic oviduct fluid (SOF) (Freistedt et al., 2001),
modified Earle’s balanced salt solution supplemented (MK-1) (Kanda et al., 1998; Karja et al.,
2002) and modified Tyrode’s balanced salt solution (Gomez et al., 2003). Since the culture
system and media components‘are usually varied ameng laboratory, it is difficult to compare
each medium’s efficiency to support! feline embryo“development. To establish effective [VP
system for feline in lour lab, we'determined efficiency of'each’ medium' type using identical
culture environment. The study demonstrated that SOF and MK-1 supported feline embryo
development better than modified Tyrode’s solution. Differenee'of medium compositions should
be one of mmportants factors; contributed to “the difference of "their efficacy. “High- glucose
concentration "in modified Tyrode’s-solution seemed to be the cause ‘of detrimental “effect on
feline embryo development. This was partially supported by negative effect of increasing
glucose concentration in SOF (6.0 mM) which was comparable to glucose concentration in
modified Tyrode’s solution (5.5 mM) on blastocyst rate and fragmented nuclei of blastocysts.
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Although the mechanism underlying poor embryo development under the high glucose condition
is still unclear, it has been postulated that this condition may induce oxidative stress or down
regulate the glucose uptake into cells resulting in insufficient metabolic requirements (Doblado
and Moley, 2007). Besides the factors mentioned above, low concentration of sodium
bicarbonate in modified Tyrode’s solution (11.9 mM) as compared to SOF and MK-1 (25 mM)
might contribute to its poor nourishment for embryos.Bicarbonate plays an important role in
balancing of buffer system. Imbalance of bicarbonate/€Oy buffer system might occur in low
bicarbonate culture condition and result in aberrant embsyo’s metabolisms and development
(Swain, 2010). Lacking of several amino acids i [VC-1"medium of modified Tyrode’s solution
in comparison to SOF and MK-1 might be the other factor eontributing to less protective ability
of produced embryos from occurringoxidative stress (Swain, 2010).

Not only culture imedia, .embryo density but numbers also affect developmental
competence of in vitro produeed embryos (de Oliveira et al., 2005; Gardner et al., 1994;
O'Doherty et al., 1997; Pasia and Deyy 1990). Geﬂ_erally, wild cat’s gametes obtained from alive
or unexpected die animals haye low aumbers and quality (Pope et al., 2006a). Therefore, the
limited number of gametesds considered as ciucial.ebstacle for IVP application in real wild cat.
The effect of embryo density was previously reported in several species (de Oliveira et al., 2005;
Gardner et al., 1994; O'Doherty etial., 1997; Paria afllgi Dey, 1990). Most of studies indicated that
embryos cultured in group could develop better thanft_hos_le_: cultured individually (Paria and Dey,
1990; Lane and Gardner, 1992; Ferry et al., ]994;:, Keefer et al., 1994; Donnay et al., 1997;
O'Doherty et al., 1997; Spindler and Wildt,:2002). Md'reover, high number of cultured embryos
could develop better than low number in"boyine species (de Oliveira et al., 2005). In domestic
cat, the effect of embryo density and number on IVP sgecleés was also implied in heterospecific
companion (Spindler et al., 2006) and conspecific comp_a_nigr;s embryos’s co-culture (Spindler
and Wildt, 2002). Howeyer, the direct study about these factors in feling species is still limited
making the difficultyfor optimizing the culture system for small-number embryo’s culture.
According to this, we then examined the effect of embryo density (Culture volume: embryo
numbers) on developmental competence of embryos cultured in group and singly.

Our results revealed that high culture densities (1:1.25 and 1:2.5) detrimentally affected
developmental competence and quality of group cultured feline embryos. Decrease of blastocyst
rates, but increase of fragmentation were presented in these groups. This may probably due to the
accumulation ofjtoxic substances normally secretedyfrom the metobolism “of the cells. The
excessive level ‘of these' toxic substances has been postulated las the cause ofiembryonic stress
and induces apoptosis in the cell (O'Doherty, et al., 1997; Lonergan et al., 2003b; de Oliveira et
al., 2005; Melka et al., 2009). Supporting previous studies (Spindler et al., 2006), culturing
embryes in group tendedito improve the developmental competence than single eulture in this
study. This suggested "the” beneficial ‘effect “of " group culture system=A possible “eause of
developmental incompetence in single cultured embryos was insufficiency of paracrine factors
related to growth (Kaye and Harvey, 1995; Matsui et al., 1995; Herrler et al., 1998). To find out
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the mechanisms underlying these morphological results, we then further study them at molecular
levels.

Future direction: Application of gene expression as a tool for culture optimization

Healthy embryo is a crucial factor for successful establishment and maintenance of
pregnancy following embryo transfer. Although the' ultimate test of embryo quality is
establishment of pregnancy after embryo transfer, this procedure is time-consuming and depends
on several factors (Wrenzycki et al., 2007). Though embryo quality is primarily implied by
morphology, only this criterion is_insufficient. Since the ineidence of “large offspring syndrome
(LOS)” has been occured after transfer the i vitro produced embryos (Walker et al., 1996; Kruip
et al., 1997), detection of gene expression pattern has been introduced as additional criterions for
embryo quality’s determinations@long with the mdjrphology (Rizos et al., 2002; Wrenzycki et al.,
2007). Culture media, culwre conditions as well as the production procedure can affect many
steps during embryo’s development such as maturation, fertilization, timing of first cleavage,
activation of the embryoni€ genome, compactionyblastocyst formation and also the genetic
program of produced embryos (Sagirkaya et al., 2006; Niemann and Wrenzycki, 2000; Niemann
et al., 2002). These perturbations €an possibly resu_ft‘in decrease of blastocyst quality, and even
viability of offspring borf afier transfer _(Wrenzy_élgi. et al, 2007)." Several gene transcripts
associated with embryo quality are used to evaluat.,e"'the" culture conditions (Wrenzycki et al.,
2005). However, most of these data in feline are still lﬁd{_ing. In this study, gene expression was
applied as a tool for feline embryo evaluation cultured in the specific provided conditions.
Hereby, we aimed to apply it as a ciiterion for feline embryo quality assessment and also to
understand the response of embryo to-given culture cqndijgi_dn_] "

Gene expressiomswas_applied to evaluate the qﬁa1it§_/' of blastocysts derived from embryos
cultured in different gliiCose concentrations (Chapter HI). Since each glucose concentration in
the culture media resultedsin varied blastocyst rates and percentages of fragmented cells; changes
of gene expression associated with cell apoptosis were expected. In this study, blastocysts with
the same morphology exhibited different gene expression patterns. The expression of BCL-2 in
survived blastocysts cultured in highly concentrated glucose (6 mM) culture condition tended to
be higher than those of lower coneentrated groups (1°5/and 3 mM glucose). Increase of BCL-2
expression could partially indicate“the mechanism by which the cells become resistant to
apoptosis (Abu-El-Astar let- al.,»2004) in~high ‘glucose condition.! However, there was no
difference of BAX and GLUT-1 expressions among the blastocysts cultured in varied
concentrations_of the glucose. The result, thus contradicted“to*previous studies in“which high
glucose condition up=iegulated BAX in human blastocysts (Moley et al., 1998a) and down-
regulated glucose transport in murine blastocysts (Chi et al., 2000)."A'possible explanation is the
concentration of glucose used in this study was far less than many previous studies (Moley et al.,
1998a), and thus may not efficiently stimulate BAX and GLUT-1 expressions. Another
explanation was the nature of BAX response appeared to be tissue-, cell-, stage- and species-
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specific (Evan and Littlewood, 1998; Kockx and Knaapen, 2000; Giam et al., 2008). Unequal
response and expressions of GLUTs family’s members in various stages of embryos were also
demonstrated in other species (Moley et al., 1998b; Augustin et al., 2001; Lequarre et al., 1997,
Wrenzycki et al.,, 1998; Augustin et al., 2001). Since the study about BAX and GLUTI1
expressions in feline embryos was still limited, final conclusion for this is still unknown.
According to the morphological and molecular changes in embryos cultured in difference
glucose concentrations, high glucose concentration ia cultuse media seemed to be one of many
factors detrimentally affected on embryo development: The evidence, thus partially supported
the detrimental effect of high glucose concentration in modified Tyrode’s solution on feline
embryo development.

The effects of density andenumber of feline embryos in culture condition on their
developmental competence were clearlydemonstrated by both morphology and gene expression
in this study (Chapter IV). Sinee the up—regulatié}n of HSP70, BAX and BAX/BCL-2 ratio in
high density (1:1.25) implied embryos® stress inducing apoptosis in this culture condition,
accumulation of embryotoxic substances such as radical oxygen species (Fujitani et al., 1997)
and ammonium (Gardner and Lane, /1993) secreted from crowded embryos (O'Doherty et al.,
1997; de Oliveira et al., 2005) ' may be the cause of the stress. Correlation between BAX up-
regulation relating with im€reaging: DNA fragrf;entation of feline embryos was clearly
demonstrated in the study. -

Apart from the density, embryo Auber’s cffect was also determined in this study.
Interestingly, the acquired result implied.that developmsr_ltal incompetence of embryos cultured
singly seemed not due to the same stress presented in group culture at high density. Since there
was no difference of HSP70, BCL-2 and BAX expressions among the blastocysts derived from
embryos cultured in 1, 5 and 10 in fi xed velume (200 ul) of SOF. Supporting previous studies in
other species, insufficiency of paracrine secretion was hkely to be major eause of developmental
incompetence of single €mbryo culture (Kaye and Harvey, 1995 Matsui ¢t al., 1995; Herrler et
al., 1998). To prove ‘this hypothesis, further study related to the effect of growth factor
supplementation on singlé embryo culture should be performed.

Incompatible transeripts of in vivo and in vitro produced embryos also implied us unequal
quality between in vivo and in vitro derived feline embryos. Even though in vitro low culture
density could improve the embiye’s developmental competence, the expressions of stress and
apoptotic related-genes were still much higher than those ot in vivo. This incompatibility may be
a cause of limited successwof feline IVP.IOf note, this study demonstrated efabryos with same
morphology but different qualities due to their gene expressions. Therefore, observation of both
morphological and molecular changes should be considered‘together for potential“eptimization
of culture condition imeline species.
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Conclusion

In vitro embryo production of feline has been greatly progressed during the past few
decades. Although the culture system has been markedly improved, low embryo survival rate

after embryo transfer in terms of low noms y rates of recipients and in fewer kittens
born is still occured. This strongly ref] ' atibility between in vivo and in vitro
culture environment. To improve inwifro embryo’s g ) w techniques and knowledges are
continuously introduced in feline TVP system. fects of roscovitine (cyclin-
dependent inhibitor of the MPE 2 y c 1 onents; culture density and
number were observed and studied acqui ' oduced us a numbers of factors that

could affect developmenta g g’ of pro en during IVP. These, therefore
confirmed the need of further®ptimization of % h\* hological evaluation, this
study also included gene expre naly, \ e ~ ) os Interestingly, the study

' \ underlying intracellular
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demonstrated the benefit of thesassay o imp -: \\\
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APPENDIX A

All media were prepared using MiliQ water, otherwise indicated. The pH of all media
was adjusted to 7.2-7.4 for holding medium and 7.6-7.8 for culture media' the osmolarity was

Stock solution

FSH g : | 100 1U/ml diluent

EGF ! , BS+O 1%BSA

hCG

eCG

DAPI
Hepes 5.985 g/l
Medium M-199 (M3769: Sigma) 1 bottle/l
BSA 4 mg/ml
L-glutamine 0.292 g/1
1 M Sodium pyruvate 1 ml/l
Penicillin 100 TU/ml
Streptomycin 100 pg/ml
Phenol red 500 pl/1
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QOocyte maturation medium (prepared in HCO; buffered M-199)

1 M Sodiun pyruvate 1 pl/ml
BSA 4 mg/ml
L-glutamine 0.000292 g/ml
Penicillin 100 TU/ml
Streptomycin 100 pg/ml
rhFSH 0.05 TU/ml
EGF 25 ng/ml
In vitro fertilization me ) prepa de’s balanced salt solution)
BSA 6 mg/l
NEAA 1% v/v
IVF X 100 stock 1% v/v
Penicillin 100 IU/ml
Streptomycin 100 pg/ml
Heparin 30 png/ml
-F‘ " ‘

IVFx100 stock: 100 mM-L ate -and 110.89 mM Calcium
Lactate were solubilized ir l 0 ml Tyrode’s balanced salt solution. : J
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Synthetic oviductal fluid medium (SOF) - IVC 1

NaCl 6.29 g/l
KCl 0.53 g/l
NaHCOs 2.1 g/
Na-Lactate (60% w/w) 0.5969 g/1
CaCl,.2H,0 0.25 g/l
KH,PO, 0.16 g/l
MEM NEAA 10 ml/1
BME EAA 20 ml/1
Glucose J , \ 0.27 g/l
Pen/strep Y rr - 10" U penicillin + 0.1 g streptomycin
Sodium Pyruvate 'y = \ \ 0.0363 g/l
Ala-GIn 0.3 g1
BSA 4 g/l
phenol red 500 pl/1
.m.-,..! (SOF)-IVC I
NaCl ——' 4. 6.29 g/1
KCl \Ye Y 0.53 g/l
NaHCO3 , - 2.1 g/l
Na-Lactate (60% w/w) E | 1] 0.5969 g/l
MgCl,.6H,0O 0.10 g/1
CaCl,.2H,0 0.25 g/1
KH,PO,4 ‘ 0.16 g/l
MEMNEAAﬂUEJ’JVIEJVI‘i‘WEJ’lﬂi
BME EAA 20 ml/1
Glucose 0.27 g/l
Pen/ )m ycin
oy ']fNﬂ‘iﬂJ URTINBVS L
Ala-Gldi} 0.3 g/l
FCS 10% v/v

phenol red 500 pl/1
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Modified Tyrode’s balanced salt solution (modified Tyrode’s solution) — IVC I

NaCl 8 g/l
KCl 0.2 g/l
NaHCO:s 1 gl
NaH;,POj4 (anhyd) 0.05 g/1
MgCl,.6H,0 0.214 g/l
CaCl,.2H,0 0.265 g/l
Cal Lactate 0.024 g/l
MEM NEAA 10 ml/1
BME EAA 10 ml/1
Glucose ; ' & 1 gl
Pen/strep 2 - SR YN0 O nicillin + 0.1 g streptomycin
Sodium Pyruvate w = W \ 0.0396 g/l
Ala-GIn 0.2172 g/1
BSA 3¢l
phenol red 500 pl/1
abdid, « 14) ,
Modified Tyrode’s balanced altsol ,!..,_ 11 *d Tyrode’s solution) — IVC 11
g’:ﬂ’ i) 4 4!"
- BTN
NaCl ~--§——,.- - 8 g/l
KCl \E L) ‘ 0.2 g/l
NaHCOs = = 1 gl
NaH,PO, (anhyd) ﬂ : 1 0.05 g/l
MgCl,.6H,0 0.214 g/l
CaCl,.2H,0 0.265 g/l
Cal Lactate 0.024 ¢/l
e A ‘L!EJ’J VIEJVI‘?W TS o
BME EAA 10 ml/l
Glucose 1 g1
"e‘”ﬁﬂm N7 Nr¥vnbTeRes:
AN IUNRTINY
Ala-Glit| 0.2172 g/1
FCS 10% v/v

phenol red 500 pl/1
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Modified Earle’s balanced salt solution (MK-1) —IVC 1

NaCl 6.8 g/l
KCl 0.4 g/1
NaHCO:s 2.1 g1
NaH2P04.H20 0.16 g/l
L(+)Ca(lactate)2 0.39 g/1
MgS04.7H,O 0.2 g/l
MEM NEAA 10 ml/1
BME EAA 20 ml/1
Glucose 0.27 g/l
Pen/strep illin + 0.1 g streptomycin
Sodium Pyruvate 0.04 g/l
Ala-GIn 0.22 g/l
BSA 3 g/l
phenol red 500 pl/1
Modified Earle’s balan f'-r- ,,Sa,l 1) -IVC1l
NaCl 6.8 g/l
KCl 0.4 g/1
NaHCO; 2.1 g1
NaH2P04H20 0.16 g/l
L(+)Ca(lactate)2 0.39 g/1
MgS04.7H,O 0.2 g/l
MEM NEAA 10 ml/l
Gl ﬂ‘LlEJ’JVIEWIﬁWEJ’]ﬂi
Glucose 0.27 g/1
Pen/strep 10* IU penicillin + 0.1 g streptomycin
Sodium Pyruvate 00 0.04 g/l

;‘sﬁ W]Nﬂ‘itu URITINYIA o=

phenol 500 pl/1
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0.5 M EDTA (pH 8)

Na,EDTA 186 g/l
S

Adjust pH = 8 by 10 N NaOH, th -..A_ﬁ____ : and stor

Tris 108 g/l

Boric acid 55¢/1

0.5 M EDTA (pH 8) 40 ml/l

Adjust water up to 1 litr, then autoc L d store-at- longer than 1 month)

ﬂumwsmwmm
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