Fertilization and Embryo Development
in In Vitro Co-culture
- Basic and Clinical Aspects

CIP-DATA KONINKLIJKE BIBLIOTHEEK, DEN HAAG
Wetzeis, Alexander Martinus Maria
Fertilization and embryo development in in vitro
co-culture : basic and clinical aspects / Alexander
Martinus Maria Wetzels. - [S.l. : s.n.]. - 111.
Thesis Katholieke Universiteit Nijmegen. - With bibliogr.,
réf. - With summary in Dutch.
ISBN 90-9008743-5
Subject headings: embryos / in-vitro-fertilization /
spermatozoa.
Druk: Benda, Nijmegen 1995

Publication of this thesis was financially supported by Abbott, bioMérieux Benelux BV,
Holland Cryogenic International, International Medical and Organon Nederland BV

Fertilization and Embryo Development
in In Vitro Co-culture
- Basic and Clinical Aspects -

Een wetenschappelijke proeve op het gebied van
de Medische Wetenschappen

PROEFSCHRIFT

ter verkrijging van de graad van doctor aan de
Katholieke Universiteit Nijmegen,
volgens besluit van het College van Decanen
in het openbaar te verdedigen
op donderdag 21 december 1995
des namiddags te 1:30 uur precies

door

ALEXANDER MARTINUS MARIA WETZELS
geboren op 14 februari 1961
te Amsterdam

Promotor

Prof. Dr R. Rolland

Co-promotores

Dr L.A. Bastiaans
Dr C.J.C.M. Hamilton

Aan mijn ouders,
Bibian en Martijn

CONTENTS

List of abbreviations
Chapter 1

General Introduction

Chapter 2

Literature Review
2.0

Introduction

2.1

Some aspects of the physiology of fertilization
and early embryonic development

2.2
2.3
Chapter 3

17

Problems related to in vitro fertilization
in the perspective of this thesis

28

The potentials of co-culture in IVF

33

Materials and Methods
3.1

Chapter 4

16

Cell cultures, co-culture systems and
safety testing

44

3.2

Assays on human spermatozoa

51

3.3

Assays on mouse embryos

54

3.4

Human in vitro fertilization

59

Experiments and results
Introduction

62

4.1

Cell cultures

63

4.2

The effects of co-culture on
human sperm motility

4.3
4.4

66

Zona binding and oocyte penetration
in co-culture

71

Fertilization of human oocytes in co-culture

75

4.5

The potentials of co-culture to overcome the
mouse embryo in vitro developmental block

4.6

The effects of co-culture and assisted hatching
on the hatching rate of mouse embryos

4.7

86

Human embryo development in co-culture:
a pilot study

Chapter 5

78

90

Discussion
5.1

Human skin fibroblasts as a co-culture
system for IVF

96

5.2

Spermatozoa in co-culture

97

5.3

Embryo development in co-culture

102

Summary

111

Samenvatting

115

References

119

Dankwoord

143

Curriculum vitae

145

Bibliography

147

LIST OF ABBREVIATIONS

ANOVA
BOEC
BRLC
BSA
BSE
BVDV
CM
CMV
CSF
CTS
DMSO
DNA
EBNA-1
EBV
EDTA
ET
FCS
FSH
GNRHa
HbSAg
hCG
HIV
hMG
HOPA
HS
HSA
HTF
HTF-S
ICSI
IVF
IVM
М1ЭЭ
M199-S
MCB
MDBK
MEM
M PF
MWCB
NEAA
NS
OPU
PCR
PZD
(r.m)RNA
SDS-PAGE
TCA
VCL
WHO
ZBA
ZP1 (2.3)

Analysis of variance
Bovine oviductal epithelial cell
Buffalo rat liver cell
Bovine serum albumine
Bovine spongioform encephalopathy
Bovine viral diarrhea virus
Conditioned medium
Cytomegalo virus
Cytostatic factor
Cell Trak System
Dimethylsulf oxide
Deoxyribonucleic acid
Epstem-Barr nuclear antigen-1
Epstem-Barr virus
Ethylenediaminetetraacetic acid
Embryo transfer
Fetal calf serum
Follicle stimulating hormone
Gonadotropin releasing hormone analogue
Hepatitis В surface antigen
Human chorionic gonadotropin
Human immunodeficiency virus
Human menopausal gonadotropin
Hamster oocyte penetration assay
Human skin fibroblast
Human serum albumine
Human tubal fluid
Human tubal fluid supplemented with human serum
Intra cytoplasmatic sperm injection
In vitro fertilization
In vitro maturation
Medium 199
Medium 199 supplemented with human serum
Master cell bank
Mardin darby bovine kidney
Minimum essential medium
Maturation promoting factor
Manufactures working cell bank
Non essential amino acids
Not significant
Ovum pick up
Polymerase chain reaction
Partial zona dissection
(ribosomal, messenger) Ribonucleic acid
Sodium dodecyl sulphate Polyacrylamide gel electrophoresis
Trichloroacetic acid
Curvelmear velocity
World Health Organization
Zona binding assay
Zona pellucida protein 1 (2,3)

Chapter 1

GENERAL INTRODUCTION

9

Chapter 1

10

General introduction
IN VITRO FERTILIZATION (IVF)
Since the first IVF baby was born in 1978, the technique of IVF has undergone many
adaptations and changes. New ovarian stimulation schemes have been introduced,
transvaginal

follicular

aspiration

under

ultrasonographic

guidance

has

replaced

laparoscopic oocyte retrieval and laboratory culture techniques have been optimized.
These changes have led to an increased birth rate after IVF and have made it possible to
do IVF faster, cheaper and on a larger scale.
Although the procedure of IVF has improved step by step, it is believed that the results
are still not optimal. The 1991 Assisted Reproductive Technologies World Report (Cohen,
1991), to which 33 countries contributed their IVF results, registered 138,238 ovum pickups (OPUs) in 1991. Most OPUs were performed after ovarian stimulation, 72% with the
use of gonadotropin releasing hormone analogues (GNRHa). One or more oocytes were
transferred in 84% of the IVF cycles. The mean number of embryos transferred per cycle
was 2.8, leading to 13% live birth deliveries per OPU of which 75% singleton, 21% twin
and 4% multiple births of a higher order.

FERTILIZATION AND EMBRYO DEVELOPMENT DURING IVF PROCEDURES
The main problems of IVF, in terms of succes, are related to ovarian stimulation,
fertilization, embryo development and implantation. The problems occurring with
stimulation are either a low response or an over-response to the hormone treatment,
leading to a sub-optimal number of oocytes or to a risk of developing the ovarian
hyperstimulation syndrome, respectively. Together, these groups represent about 40% of
the IVF population and have a reduced prognosis for successful IVF (Wetzeis et al,
1995).
Fertilization and embryo development are laboratory matters. The mean fertilization rate
per oocyte is about 65% in general and about 30% in the case of male subfertility (Liu &
Baker, 1994a; Jaroudi et al, 1993). Another factor influencing the fertilization rate is the
11
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status of the oocytes. A large part (probably 15% or more) of the oocytes obtained after
ovarian stimulation is immature (Almeida & Bolton, 1993) and/or genetically abnormal
(Plachot & Crozet, 1992; Kamiguchi et al, 1993; Almeida & Bolton, 1993). Whether
these circumstances result in lower fertilization rates is not clear yet (Almeida & Bolton,
1994). Once fertilization has been established, most patients will proceed to an embryo
transfer (ET). After ET, most IVF cycles fail due to two factors: a suboptimal quality of
the transferred embryos and a suboptimal condition of the uterus. Together, these factors
result in an implantation rate of approximately 10% per transferred embryo. As reviewed
by Mills (1992), the endometrial contribution to this problem is supposed to be a little
higher than the embryonic one. Still, about 60% of the IVF embryos have a poor
prognosis for implantation on the basis of their morphology. Partly, the embryonic
abnormalities can be explained by genetic disorders (see above). On the other hand, in
vitro culture was found to be suboptimal for embryo development (Jung et al, 1987).
In conclusion, in vitro maturation and the improvement of the in vitro conditions for
fertilization and embryo development may contribute to more embryo transfers per OPU
and a higher pregnancy rate after IVF.

OUTLINE OF THIS THESIS
In view of the relatively low pregnancy chances after IVF, attempts were made to
improve these chances. One way to increase the pregnancy rate is to transfer more (or all)
embryos in an IVF cycle. However, this strategy would lead to an unacceptably high
multiple pregnancy rate. To reduce premature fetal loss and other obstetrical
complications, fetal reduction could be performed, but this is undesirable on ethical
grounds. Another possibility to improve the IVF results is to optimize the IVF procedure.
Besides a higher pregnancy rate, this would lead to a higher implantation rate per
embryo. Therefore, the number of transferred embryos could be reduced, resulting in a
lower number of multiple pregnancies.
A promising method to improve the IVF laboratory conditions is the co-cultivation of
12
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oocytes with other cells. As will be reviewed in chapter 2, some encouraging results were
achieved by applying co-culture during the first cleavages of the fertilized oocyte.
However, there are many questions about co-culture with respect to the safety of the cell
types involved, the mode of action of co-culture and the effectiveness (improved
pregnancy rate). Moreover, co-culture was studied mainly after fertilization was
established in conventional culture. The effects on spermatozoa and fertilization remain
unexplored.
The general aim of this thesis has been to further investigate the effects of co-culture on
several aspects of IVF. The study was performed mainly with human fibroblasts because
these cells could be screened for safety to a high level. Concerning the effectivity in IVF,
these fibroblasts were compared with cell types with a described effect or with a
physiological origin. The following questions have been examined in particular:
1.

Does co-culture influence human sperm motility and vitality in vitro!

2.

What are the effects of co-culture on the capacity of human spermatozoa to bind
the human zona pellucida and to penetrate the oocyte?

3.

Is co-culture beneficial to fertilization in vitro and are the effects similar in
patients with normal and subnormal semen quality?

4.

What are the potentials of human fibroblasts on the development of mouse
embryos that exhibit the in vitro developmental block?

5.

Do human fibroblasts influence the incidence and timing of the hatching process of
mouse embryos? What are the effects of co-culture in combination with assisted
hatching in this perspective?

6.

Does co-culture with human fibroblasts improve the development of human
embryos during a three day culture period?
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2.0

INTRODUCTION

In this chapter, the literature with respect to the topics studied in this thesis will be
surveyed. To obtain an overview of the field, the physiology of fertilization and preimplantation embryo development will be summarized in 2.1. In section 2.2, the main
problems of fertilization and in vitro embryo development have been listed and related to
a disturbance of the processes described in 2.1. The role and perspectives of co-culture in
overcoming these problems have been summarized in 2.3.

16
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2.1

ASPECTS OF THE PHYSIOLOGY OF FERTILIZATION AND
EARLY EMBRYONIC DEVELOPMENT

INTRODUCTION
The sperm cell needs to complete a series of processes before it can succesfully fertilize
an oocyte. These processes include capacitation, hyperactivation, cumulus oophorus
penetration, binding to the zona pellucida, acrosome reaction, penetration of the zona
pellucida, fusion with the oolemma, decondensation of the sperm head in the ooplasm and
formation of the male pronucleus. After fertilization has been established, the oocyte is
activated and starts cleavage. During the first cleavage stages, the embryonic genome is
switched on and the embryo reaches the blastocyst stage. After hatching, the implantation
process starts.

CAPACITATION
A sperm cell that has reached the female reproductive tract or that has been incubated in
vitro for some hours, normally capacitates. The delay between ejaculation and capacitation is supposed to be due to certain inhibiting factors originating from the seminal plasma.
In the female reproductive tract or during incubation in vitro, these factors disappear and
the capacitation process starts. A possible regulator for the inhibition of capacitation
shortly after ejaculation is a proteinase inhibitor which binds to the acrosomal region of
the sperm cell and is removed during in vivo or in vitro incubation (Boettger-Tong et
û/,1992; Boettger et al, 1989). Another possible factor is lactoferrine, which is removed
mainly in the cervical mucus. The sperm cell membrane is changing due to this loss of
lactoferrine (Rosselli et al, 1990) and this could be the first step in destabilization of the
cell membrane. Physiologically, the capacitation process is closely related to motility and
it is generally accepted that capacitation is necessary for an effective response to
17
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acrosome reaction inducing stimuli. Generally, and this has been studied especially in
hamsters, capacitation is supposed to start in the fallopian tube with the uptake of Ca+ +
by the sperm cell (White & Aitken, 1989). The influx of Ca ++ is possible by a hormone
dependent shift in the cholesterol/phospholipid ratio of the cell membrane (Langlais &
Roberts, 1985; Benoff et al, 1993). The internal pH and the internal and external Ca+ +
levels regulate the level of cAMP by adenylate cyclase activation (Morton & Albagli,
1973; Stein & Fraser, 1984) and phosphodiesterase inhibition (Stein & Fraser, 1984). The
rising cAMP level results in activation of the cAMP dependent protein kinases and to
phosphorylation of certain membrane and cytoplasmatic proteins, subsequently leading to
hyperactivated motility, and, by a separate pathway, to the acrosome reaction (reviewed
by Cummins & Yovich, 1993).

HYPERACTIVATION AND PENETRATION OF THE CUMULUS OOPHORUS
The first visible action of a capacitated sperm cell is hyperactivation. First described for
hamsters, later for all mammals studied, hyperactivation is characterized by a specific
motility pattern with increased energy output. In vitro, a hyperactivated hamster sperm
cell moves with a 8-shaped flagellar beat (Yanagimachi, 1970, 1981; Corselli & Talbot,
1986, Katz et al, 1989). This movement is probably necessary for forward progression in
the fallopian tube and for penetration of the cumulus oophorus (Katz et al, 1989) and
zona pellucida (Bedford, 1982). A combination of hyperactivation and hyaluronidase
digestion leads to penetration of the cumulus oophorus complex. Hyaluronidase is present
in the sperm acrosome. However, it is generally acknowledged that the sperm cell stays
acrosome intact during cumulus penetration (see below). So, at the moment it is unclear
whether hyaluronidase escapes from the intact acrosome or whether the active
hyaluronidase originates from the male tract (Zao et al, 1985; Talbot, 1985).

18
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ZONA BINDING AND ACROSOME REACTION
The acrosome reaction can occur spontaneously and after induction. The spontaneous
acrosome reaction level is normally low (Takahashi et al, 1992; Fenichel et al, 1991).
Known inducers of the acrosome reaction are, among others, follicular fluid (Suarez et al,
1988; Tesarik, 1985), hyaluronic acid (Slotte et al, 1993), progesterone (Osman et al,
1989; Sueldo et al, 1993), epithelial cells (Bongso et al, 1993) and cumulus cells (Siiteri
et al, 1988). The nature of these factors suggest that the sperm cells normally acrosome
react before they reach the zona pellucida. In contrast with this theory, Hoshi et al
(1993), Morales et al (1989) and Tesarik (1989) have described that only acrosome intact
cells can reach the zona pellucida and that the acrosome reaction needs induction by the
zona pellucida (ZP3-protein) during physiological fertilization. The mature zona pellucida
is an extracellular matrix, consisting mainly of the glycoproteins ZP2 and ZP3, which are
cross linked by ZP1. During the fertilization process the sperm cell binds in a species
specific way (Hardy & Garbers, 1994) to the zona pellucida. This binding is reserved for
primed (capacitated) spermatozoa and it seems that the oviductal factors mentioned are the
physiological primers. Acrosome reacted spermatozoa or acrosome intact spermatozoa
that are not capacitated do not bind to the zona pellucida. This has been confirmed in
three studies. At first, Ca-ionophore induced acrosome reacted human spermatozoa do not
bind to the zona pellucida; however they do bind to the oolemma (Liu & Baker, 1990).
Secondly, round headed human spermatozoa (without acrosomes) neither bind to the zona
pellucida nor fuse with hamster zona-free eggs (von Bernhardi et al, 1990). Finally, beads
coated with mouse ZP3 bind only capacitated, acrosome intact mouse spermatozoa, which
are released from the beads after a ZP3 induced acrosome reaction (Vazquez et al, 1989).
From this last study and many other reports, it is clear that ZP3 is responsible for the
initial, species specific sperm binding and for the induction of the acrosome reaction, at
least in mouse, hamster, pig and human (Wassarman, 1988; Beebe et al, 1992; Moller et
al, 1990; Kinloch et al, 1990; Sacco et al, 1989). Analogous to the receptor on the site of
the zona pellucida, there have to be one or more binding site(s) on the sperm cell. Many
candidates have been described in the past few years. The most promising ones are
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Figure 2.1.1. A proposed mechanism of zona binding and acrosome reaction.

1,4 galactosyltransferase (Macek et al, 1991; Miller et al, 1992; Pratt et al, 1993), a 95
kDa protein (Leyton & Saling, 1989; Leyton et al, 1992) and a trypsin inhibitor binding
site (Boettger-Tong et al, 1992). Mainly in mouse experiments, these receptors have been
described as binding ZP3 and regulating the induction of the acrosome reaction. Besides
these factors, a 56 kDa protein (Wassarman, 1992; Bleil & Wassarman, 1990), an
oligosaccharide Iigand (Gahmberg et al, 1992) and alpha-D-mannose (Cornwall et al,
1991) have been reported to bind ZP3, while caltrin (Clark et al, 1993) and human Gproteins (Lee et al, 1992) stimulate acrosome exocytosis. Saling (1989, 1991) and Leyton
and colleagues (1992) have proposed a possible pathway for sperm-zona binding and
acrosome reaction in mice (see figure 2.1.1): The 95 kDa protein binds ZP3
glycopeptides, leading to aggregation of the 95 kDa receptors on the ZP3-moIecule,
which starts protein tyrosine kinase (PTK) activity. Subsequently, acrosome exocytosis is
20
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mediated by a G-protein intracellular signalling system (Lee et al, 1992; Karnik et al,
1992; Ward et al, 1992), which is activated by PTK and results in the fusion of the
plasma membrane with the outer acrosomal membrane and exposure of pro-acrosin. The
activation (pH-activation) of pro-acrosin to biological active acrosin is regulated by the
zona pellucida, probably through ZP2 (Topfer-Petersen et al, 1990). As already
mentioned, after induction of the acrosome reaction the sperm cell will be released from
ZP3. At this moment, ZP2 serves as a secondary receptor system and guides the zona
penetration (Wassarman, 1992; Mortillo & Wassarman, 1991; Bleil & Wassarman, 1986).

ZONA PELLUCIDA PENETRATION
Proposed by Saling (1989), the first conversion of pro-acrosin to acrosin gives rise to a
limited digestion of the zona pellucida due to the trypsin-like digestive action of acrosin.
This first digestion increases the affinity of pro-acrosin for ZP2 and therefore results in
an increased rate of zona penetration. Besides the proteolytic action of the acrosomal
enzymes, it is especially motility (or hyperactivation) which is thought to be important in
this phase of the fertilization process. This could explain the importance and predictive
value for IVF of motility percentage (Lison et al, 1993; Duncan et al, 1993; Hauser et
al, 1992), curvelinear velocity (Enginsu et al, 1992; Davis et al, 1991; Ramsewak et al,
1990; Fish et al, 1990; Hinting et al, 1990; Granen et al, 1989) and hyperactivation
(Bedford, 1982; Wang et al, 1993; Chan et al, 1992).
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SPERM-EGG

BINDING,

OOCYTE

ACTIVATION

AND

PRONUCLEUS

FORMATION
After passing the zona pellucida, the sperm enters the perivitelline space. The first contact
with the oolemma is made and binding starts at the sperm cell's equatorial segment
(Yanagimachi, 1988) with the help of special proteins. From results with zona-free
hamster oocytes and human spermatozoa, it seems likely that the (complete) sperm cell is
taken up slowly by microvilli on the surface of the oocyte under coordination of fusion
proteins (Saling et al, 1985; see figure 2.1.2). At the time the fusion process starts, the
oocyte activates and several processes are initiated. From intracytoplasmatic sperm
injection (ICSI) experiments, it is concluded that some sperm factors are necessary for a
normal oocyte activation (Tesarik et al, 1994). The contact with these sperm factors
induces a calcium wave in the oocyte, followed by activation of the c-mos proto-oncogene
product CSF (cytostatic factor). This leads to a decrease in MPF (maturation promoting
factor) activity and subsequently to female pronucleus formation, the extrusion of the
second polar body and the zona reaction (reviewed by Ozon, 1991). The zona reaction is
defined as the release by cortical granules of hydrolytic enzymes. In mice, this leads to
the translation of ZP2 to ZP2f (Bleil et al, 1980), in humans (Shabanowitz & O'Rand,
1988) and pigs (Hedrick et al, 1987) to a decrease of ZP1. In both cases the zona
reaction prevents further sperm penetration and multiple fertilization. After oocyte
activation, the sperm cell's DNA, which is the most tightly compacted eukaryotic DNA
known (Ward & Coffey, 1991), décondenses and a nuclear envelope is formed, resulting
in the formation of the male pronucleus (Tesarik & Kopecny, 1989). The female
pronucleus, normally formed at the ooplasmic pole of the meiotic spindle, and the male
pronucleus, initially present at the site of sperm entry, migrate towards each other to a
central position in the oocyte. After this migration the pronuclei become flattened and
syngamize (Wright et al, 1990).
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THE FIRST CLEAVAGES AND EMBRYONIC GENOME ACTIVATION
After activation, the oocyte starts to cleave. An important step in this early embryonic
development is the activation of the embryonic genome. During maturation and
fertilization all processes are under maternal control. After fertilization and during the
first embryonic stage(s), this is still the case. During these stage(s), the qualitative protein
content of the embryo changes, but these changes occur independently of RNA synthesis
(Braude et al, 1979). The changes in protein profiles during these early stages are

Figure 2.1.2. Sperm oolemma attachment and fusion starts with the binding of the equatorial
segment of the sperm to micrivilli of the oolemma (a.b). Subsequently, the sperm nuclear
envelope is removed and the oocyte incorporates the sperm cell (c,d). Finally, the sperm nucleus
expands and décondenses. Adapted from Arts (1994).
23
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explained by the sequential activation of pre-existing mRNA, different translational
efficiency, protein turn-over and post-translational protein modifications (van Blerkom,
1981; Flach et al, 1982; Bolton et al, 1984). In most mammalian embryos the genome is
activated between the 2- and 32-cell stage. As reviewed by Telford (1990), the species
most extensively studied in this perspective are mice (2-cell stage), cows (8-12 cell),
sheep (8-16 cell), pigs (4-cell) and rabbits (2-16 cell). In human embryos, newly
synthesized mRNA is found between the 4- and 8-cell stage and embryonic rRNA, and so
embryonic ribosomes are available from the fourth cell cycle (Tesarik et al, 1986; Braude
et al, 1988).

METABOLISM DURING PRE-IMPLANTATION DEVELOPMENT
During the period that the fertilized oocyte develops to the blastocyst stage, the conceptus
undergoes many metabolic changes. These changes include alterations in DNA-, RNAand protein-synthesis and carbohydrate metabolism. Embryonic metabolism is widely used
to investigate the effects of in vitro culture, ovarian hyperstimulation and other factors on
pre-implantation development and implantation, especially in the mouse system.
Carbohydrate metabolism.
Glucose is a major energy source in many cell processes. In early bovine, rabbit, pig,
sheep, mouse and human pre-implantation embryos, however, the glucose metabolism is
very low (Leese, 1991; Rieger et al, 1992a; Flood & Wiebold, 1988; Thompson et al,
1991) and in some studies it is found that glucose is detrimental to early embryonic
development (Brinster, 1965; Brown & Whittenham, 1992; Chatot et al, 1989). Other
authors conclude that the addition of glucose to the culture medium has advantages during
the complete period of pre-implantation development and that it is indispensable after day
3 of culture (Chatot et al, 1990; Leese & Barton, 1984; Du & Wales, 1993a). Before day
3, pyruvate, glutamine and lactate are especially important in mouse and cow embryos
(Barbehenn, 1974; Rieger et al, 1992b), but glucose has a stimulating effect on the
24
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metabolism of glutamine in mice (Du & Wales, 1993b). Glutamine is used as energy
source after deamination to glutamate and 2-oxoglutarate. The absence of glucose after
day 3 leads to a morula block in mice (Chatot et al, 1989, 1994), but this can be
overcome by a very short exposure to glucose or galactose (Chatot, 1994). During the
blastocyst stage, glucose becomes the predominant energy source for embryos. The
induction of glucose metabolism during these later stages is correlated with the activation
of hexokinase and 6-phosphofructokinase (De Schepper et al, 1985; Ayabe et al, 1994).
In humans, the situation is slightly different. The pyruvate consumption is higher than in
mice (Hardy, 1992) and other enzymes are involved in sugar conversion than in mouse
embryos (Chi et al, 1988). Furthermore, hexokinase is important in human embryos. In
contrast to mouse embryos, this enzyme is already active during the first cell cycles
(Martin et al, 1993).

Protein synthesis.
Proteins are the product of mRNA translation and post-translational processing. Protein
synthesis of pre-implantation embryos has mainly been studied in mouse embryos. The
relationship with DNA activation (in the 2 cell stage) is reflected in a change of amino
acid metabolism and protein synthesis after the late four cell stage. The uptake of several
amino acids and the incorporation of these aminoacids into proteins increases significantly
from the late four cell to eight cell stage in mice (Van Blerkom & Brockway, 1975;
Brinster, 1971; Kaye et al, 1982; Epstein & Smith, 1973; Goddard & Pratt, 1983) and is
correlated to the embryonic cell number (Epstein & Smith, 1973). Figure 2.1.3 shows an
continuous increase in radio labeled methionine uptake during the first 120 hours of
embryo culture. Incorporation of methionine into proteins first decreases from the zygote
to the early four cell stage, but shows a significant increase between the late four cell and
morula stage. Using electrophoresis and autoradiography, it was found that all major
changes in the qualitative pattern of protein synthesis take place between fertilization and
the four to eight cell stage, probably correlating with the interval at which major fine
structural changes occur, like activation of mitochondria and formation of junctional
complexes (Van Blerkom & Brockway, 1975). The uptake of methionine appears to be an
25
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active transport mechanism, being Na + - independent during the first developmental stages
and partly Na+-independent and Na+-dependent at later stages (Kaye et al, 1982;
Holmberg & Johnson, 1979). In human embryos, the qualitative protein synthesis changes
around the four to eight cell stages too. As in mice, the shift in proteins is coupled to
gene activity and can be inhibited by the addition of alpha-amanitin, a RNA polymerase II
inhibitor (Artley et al, 1992). With respect to these results, one remark has to be made:
most studies of protein synthesis have been carried out using cultured embryos from
animals of which the ovaries had been stimulated. However, it is known that both in vitro
development (Jung et al, 1987, 1988) and ovarian stimulation (Wetzels et al, accepted for
publication) have a disturbing influence on amino acid uptake and incorporation and on
the embryonic dry mass (Turner et al, 1992, 1994).
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Figure 2.1.3. The uptake and incorporation (incorp.) into protein of "S-methionione by mouse
embryos during preimplantation development (Adapted from Goddard & Pratt, 1983; with
permission of the Company of Biologist Ltd).
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Synthesis of other compounds.
Apart from proteins, an embryo is supposed to produce many factors during its preimplantation development. These factors are thought to be involved in hatching,
implantation and maintenance of the endometrium. Hatching is reviewed below. With
respect to the other processes, the most important factors described are all kinds of
growth factors (reviewed by Hartshorne & Edwards, 1991), immunosuppressive factors
(Sheth et al, 1991), platelet activating factor (O'Neill & Saunders, 1984) and, in human,
human chorionic gonadotropin (hCG). In culture, hCG is secreted from about day 7
(Woodward et al, 1993; Edgar et al, 1993) and is not related with further development,
like hatching potential (Woodward et al, 1994).

HATCHING
As development continues, the embryos reach the morula stage in which cell compaction
occurs. At the 32 cell stage a blastocoel is formed, which is fully developed at the
blastocyst stage. At this stage, the blastomeres differentiate into two groups: the inner cell
mass and the trophoblast cells. The last process of the embryo just before the start of the
implantation process is the escape from the zona pellucida, known as hatching. The
developing embryo has reached the uterine cavity in the early blastocyst stage and starts
to expand its blastocoel. This expansion thins the zona pellucida, due to stretching.
Stretching and secretion of lysins and proteases (McLaren, 1970; Perona & Wassarman,
1986; Yamazaki et al, 1994) by the embryonic trophectoderm cells, leads to a first slit in
the zona. Due to further digestion and by contractions and expansions (Cole, 1967) of the
embryo, the zona finally breaks and the embryo is released. The process of contraction
and expansion of the embryo is believed to be controlled by Na+-K+-ATPase-activity,
which is energy dependent. Therefore, the total number of contractions and expansions of
the blastocysts is limited by energy supplies (Woodward et al, 1994).
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2.2

PROBLEMS RELATED TO IN VITRO FERTILIZATION IN
THE PERSPECTIVE OF THIS THESIS

INTRODUCTION
As stated in chapter 1, the results of human IVF are not optimal, due to problems with
fertilization, embryo development and implantation. Here, the problems related to
fertilization and embryo development are further dissected, culminating in the subject of
this thesis.

FERTILIZATION IN VITRO
The fertilization rates of human oocytes in vitro are about 65% (Liu & Baker, 1994a;
Jaroudi et al, 1993) as a mean, and with a range from 0-100%. In many cases,
explanations for low fertilization rates are hard to give. In general, three factors are
important: the quality of the oocytes, semen quality and the culture conditions.
At first, immature oocytes do not fertilize unless they have matured in vitro. In general, it
is assumed that about 15% of the oocytes obtained in stimulated IVF cycles are immature.
Further, a part of the oocytes is mature but genetically abnormal. The scarce literature
there is on this subject indicates that this is not an obstruction to fertilization (Almeida &
Bolton, 1994).
The second and main reason for fertilization failure is abnormal sperm function (Liu et
al, 1989; Liu & Baker, 1994b). A low level of inducible acrosome reactions (Cummins et
al, 1991; Fenichel et al, 1991) and low sperm motility (see 2.1) are related to low
fertilization rates in vitro. Also, zona binding and zona penetration have been noticed to
be influenced (especially by acrosome reaction potentials; Liu & Baker, 1994b) and have
led to the development of the (hemi) zona binding assay (Burkman, 1988; Franken et al,
1993) and zona penetration assay (Liu & Baker, 1994a), both with a high prognostic
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value for male fertility and fertilization in vitro (Oehninger et al, 1989; Oosthuizen et al,
1990; Gamzu et al, 1994; Liu & Baker, 1994a,b). Finally, only acrosome reacted
spermatozoa can bind the oolemma and can subsequently form pronuclei in the ooplasm
(Tesarik, 1989; Yanagimachi, 1988). Disturbances of oolemma fusion and intra-vitelline
sperm processing can be measured in the hamster oocyte penetration assay (HOPA).
Although some investigators have found a low specificity and sensitivity of the HOPA,
the results of this test could be correlated to fertilization in vivo (Karp et al, 1981;
Stenchever et al, 1982) and in vitro (Kuzan et al, 1987).
The third reason for a low fertilization rate in IVF consists of the culture conditions. In
many species, spermatozoa adhere to cells of the oviduct in vivo. From this sperm
reservoir (see 2.3), spermatozoa are released in small numbers during a relative long
period of time. This mechanism diminishes the number of spermatozoa at the site of
fertilization, extends the fertile period of the semen and prevents multiple fertilization.
Especially the number of spermatozoa at the site of fertilization could be an important
negative factor during IVF. During conventional culture this number is many times higher
than during fertilization in vivo (Barrati & Cooke, 1991; Williams et al, 1993). A higher
number of spermatozoa results in higher zona binding rates, more multiple (Polyspermie)
fertilizations and, possibly, to compromised oocytes.
The factors that mediate sperm function in the oviduct are probably proteins. In human
and cow, it is known that oviductal proteins bind to spermatozoa (Lippes & Wagh, 1989;
Ellington et al, 1993b). The absence of (oviductal) cells and/or proteins could result in a
lower survival rate of the spermatozoa, a lower motility, an absence of sperm selection,
and so to changes in capacitation, sperm number at the site of fertilization, zona binding
potential and fertilization. Culture conditions that mimic the natural situation could
therefore result in higher fertilization rates. The function of co-culture in this perspective
is one of the research goals of this thesis.
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EMBRYO DEVELOPMENT IN VITRO
Puissant and colleagues (1987) and Cummins and colleagues (1986) developed an embryo
scoring system based on growth rate and morphology which proved to be helpful in the
selection of an optimal number of embryos to transfer. Using this system, the pregnancy
rate after transfer of good quality embryos was only 35% (Steer et al, 1992), and about
60% of all embryos cultured were more or less of poor quality (Mills, 1992). There are
several reasons for impaired embryonic development in vitro. In the first place, the
ovarian stimulation protocol seems to be important. In a review. Mills (1992) concludes
that the use of GnRHa reduces oocyte fertilization and embryo quality. However, this
negative effect is compensated by a positive effect on uterine receptivity. In mice, it was
found that stimulation with hMG and hCG led to a lower cell cleavage rate of preimplantation embryos (Elzamar & Vogel, 1989) and to a lower uterine receptivity (Vogel
& Spielman, 1992). Furthermore, the culture conditions in the laboratory are probably not
optimal, resulting in lower metabolic activity, retarded cell proliferation, lower cell
numbers and impaired development (Jung et al, 1987; Turner et al, 1994; Van Winkle &
Dickinson, 1995) and developmental blocks.

IN VITRO DEVELOPMENTAL BLOCK
In many animals, early embryonic development is arrested if the fertilized oocyte is
cultured in vitro under conventional culture conditions (Whittenham, 1974; MuggletonHarris, 1982; Goddard & Pratt, 1983; Camous et al, 1984). This block is a serious
problem in many animal IVF programs, because in most non-primate animals it is
necessary to transfer an embryo to the uterus in the blastocyst stage. Transfer in earlier
stages does not lead to implantation in these animals. The timing of the developmental
block coincides with the onset of the embryonic genome (Telford, 1990) and can be
explained by sub-optimal culture conditions, embryonic abnormalities or failure of
embryonic gene expression at this very sensitive period of development. In several mouse
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strains, in vitro development is arrested in the two-cell stage and this block can be
overcome by improving the culture conditions and by the transfer of cytoplasm of nonblocking embryos (Muggleton-Harris et al, 1982). With respect to the culture conditions,
it is reported that the two-cell block can be overcome by changing the culture medium by
addition of radical scavengers (Noda et al, 1991), lowering the glucose level (Chatot et
al, 1989), addition of chelating agents (EDTA; Abramcszuk et al, 1977) and addition of
amino acids (Chatot et al, 1989; Dumoulin et al, 1992). Further, more embryos per
incubation volume (Schini & Bavister, 1988a,b), the temporary culture in host oviducts or
oviduct expiants (Biggers, 1962) and co-culture with helper cells (see below) can help to
overcome the developmental block. In human oocytes obtained after superovulation, the
developmental block is less strong than in many non-primate animals. About 30% of the
fertilized oocytes develop in vitro to the expanded blastocyst stage under conventional
culture conditions (Fehilly et al, 1985). Only half of these blastocysts starts hatching and
8% of the cultured oocytes complete hatching in vitro (Woodward et al, 1994). The other
embryos mainly degenerate during incubation; of these embryos a large number is
arrested between the four- and eight- cell stage (Braude et al, 1988), which coincides with
the onset of the embryonic genome. A large proportion of these embryos is genetically
abnormal (Zenzes et al, 1992) which is a possible explanation of the developmental
arrest. On the other hand, about half of the arrested embryos has an activated embryonic
genome (Artley et al, 1992) and could possibly be rescued by improving the culture
conditions.

HARDENING OF THE ZONA PELLUCIDA
It has been proposed that ovarian age is related to abnormal zona pellucida synthesis
(Drobris et al, 1988). Also, culture of oocytes, at least in mice and rats, leads to a
phenomenon known as zona hardening (Zhang et al, 1991), which impairs the ability to
hatch and implant (Cohen et al, 1990). In the rat, zona hardening occurs after 6-8 hours
incubation in serum free medium and the process is dependent on oocyte factors, probably
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tissue-type plasminogen activator (Zhang et al, 1991, 1992). In humans, the variation in
zona thickness was found to be an important parameter in the prognosis for implantation
(Wiemer et al, 1989a) and zona hardening is thought to be more prevalent in patients
with high FSH levels or with multiple failed IVF treatments (Wiemer et al, 1994).
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2.3

THE POTENTIALS OF CO-CULTURE IN IVF

INTRODUCTION
The purpose of co-culture is to imitate the oviductal function in vitro. In a co-culture
system, the (fertilized) oocytes are cultured together with helper cells, which can be of
tubal (specific) or other (non-specific) origin. The aim of co-culture is to overcome the
developmental block, to improve the cleavages and metabolism of the developing embryo,
to prevent zona hardening and to obtain a higher blastocyst rate per oocyte. Also, coculture has also been used during oocyte maturation and fertilization. The effects of coculture on all these processes will be reviewed in this paragraph.

OOCYTE MATURATION IN CO-CULTURE
In human IVF programs, about 15% of the oocytes retrieved is immature (lacking a first
polar body and/or the existence of a germinal vesicle). In these oocytes, fertilization is
delayed (upto 48 hours) or will not occur at all due to suboptimal maturation conditions.
Co-culture has been used to increase the results of in vitro maturation in human IVF.
Using granulosa cells, Dandekar and colleagues (1991) have obtained a significantly
higher percentage of in vitro matured oocytes than in control medium (59% versus 35%).
The fertilization rate per oocyte could increase from 20% to 54% using the granulosa cell
maturation system. Comparable results have been obtained using Vero cells, while
autologous cumulus cells had less effect (Janssenswillen et al, 1995). From these results it
can be concluded that co-culture improves oocyte maturation and, in this way, improves
the fertilization rate per oocyte.
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SPERMATOZOA AND FERTILIZATION IN CO-CULTURE
Sperm reservoirs.
The idea of introducing co-culture during fertilization in vitro originates from the finding
of sperm reservoirs in the oviduct of many mammals. These sperm reservoirs are
described in, among other species, mice (Suarez, 1987), guinea pigs (Yanagimachi &
Mahi, 1976), hamsters (Yanagimachi & Chang, 1963), rabbits (Overstreet & Cooper,
1978), sheep (Hunter et al, 1982, 1984; Hunter & Nichol, 1983), pigs (Hunter, 1981;
Suarez et al, 1991) and cows (Hunter & Wilmut, 1984). They are normally formed in the
oviductal isthmus, proximal to the utero-tubal junction. The sperm reservoirs are formed
by the interaction of (specific?) oviductal proteins, oviductal cells and spermatozoa.
During their stay in the reservoir, the sperm cells are attached to the oviductal cells
(Suarez, 1987; Hunter et al, 1991; Smith & Yanagimaci, 1991) and the movement
characteristics are changed (Suarez & Osman, 1987; Katz et al, 1978). The oviductal
sperm reservoir is supposed to protect the spermatozoa from the leaching influence of the
oviductal fluid (Hunter, 1994). There are many explanations for the formation of sperm
reservoirs (summarized by Thomas et al, 1994a): a block to polyspermia, protection to
phagocytosis, increased longevity (and motility), conservation of energy, mediation of
capacitation and extension of the fertile period of spermatozoa. Whether detachment from
the reservoir occurs continuously or under control of ovulation is not clear from in vivo
experiments. However, Hunter (1984) suggested a peri-ovulatory redistribution of preovulatory arrested spermatozoa in the pig oviduct. Moreover, it was found that in several
species, the ampullar region of the oviduct consists mainly of unbounded, capacitated or
hyperactivated, spermatozoa (Overstreet et al, 1980; Demo« & Suarez, 1992), indicating
an attractiveness of this region to unbound spermatozoa. In humans, it was found that
spermatozoa are attracted by components of follicular fluid in vitro. Different
subpopulations of spermatozoa have different time spans to acquire this attractiveness
(Cohen-Dayag et al, 1994). The combination of sperm reservoirs, hyperactivation and
Chemotaxis is an acceptable hypothesis for the extension of sperm fertilizing ability and
sperm selection, but it has not been proven yet.
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Co-culture systems: in vitro sperm reservoirs.
The exact function of sperm reservoirs could be studied in more detail using in vitro
culture systems. Most information has been obtained from experiments with domestic
animals. Thomas et al (1994a,b) have observed an /и vitro sperm reservoir in the horse.
The binding of equine spermatozoa to epithelial cell expiants of mare fallopian tubes
occurred both on ciliated and non-ciliated epithelial cells. Steroids did not effect sperm
adhesion, but sperm cells bound better (cycle-stage dependent) on isthmic epithelial cells.
The cycle-stage dependency of the system could be unique for the horse, because this
species has an extremely long estrus period (5-7 days). Binding was poor in all stages of
ampullar epithelial cells. Post-ovulatory epithelial cells decreased sperm motility faster
than cells obtained during other stages. There are some contradictions to these results:
estradiol influences sperm adhesion in pigs (Suarez et al, 1991), sperm binding is limited
to ciliated epithelial cells in horses (!), sheep and pigs (Ellington et al, 1991, 1993b;
Hunter & Nichol, 1983; Suarez et al, 1987), bovine sperm bind to microvilli of secretory
cells (Hunter et al, 1991) and in pigs adhesion is cycle independent (Suarez et al, 1991).
So, the cell type

and/or cell conditions involved in sperm adhesion differs, at least

among different species.
The effects of in vitro cell cultures on spermatozoa have been studied extensively in cows,
pigs and horses. Spermatozoa of these species have a relatively short period of motility
and viability in vitro. Binding to monolayers in a co-culture system improved motility,
viability (Pollard et al, 1991) and the number of inducible acrosome reactions (Guyader
& Chuplin, 1991). This improvement is not restricted to co-culture with tubal cells.
Human fibroblasts (Wetzels, unpublished results) and granulosa cells (Ijaz et al, 1994)
have a comparable impact on bovine sperm motility. The responsible factor seems equal
in granulosa and oviductal cells and is heat-labile and non-dialyzable. Some other
observations in bovine (Chian & Sirard, 1995) and equine (Ellington et al, 1993b)
systems were the stimulation of capacitation by tubal epithelial cells, both by direct coculture and by oviduct cell conditioned medium. Moreover, it was found in the equine
system that the bound spermatozoa all had a normal morphology (Hunter et al, 1991;
Thomas et al, 1994a). Therefore, it seems that sperm selection occurs at this level of the
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fertilization pathway. Another remarkable fact was reported by Ellington et al (1993a):
boar spermatozoa influenced the protein synthesis pattern of oviductal cells directly after
binding. The authors speculate about the function of this protein shift in the processes of
sperm storage, regulation of capacitation, acrosome breakdown, inhibition of complement
mediated antibody formation, fertilization and embryonic development.
After to the evaluation of sperm function in co-culture, the effects were studied on
fertilization. Guyader and Chuplin (1991) found an increase of fertilization from 24% to
65% in bovine IVF using bovine oviductal epithelial cells (BOEC). Moreover, the sperm
concentration could be reduced by 50%, resulting in the same fertilization rate but with
only 12% (versus 33%) multiple fertilization. Pollard et al (1991) found that bovine
spermatozoa were still capable of fertilizing oocytes after 30 hours BOEC co-culture
(42% fertilization), while no fertilization was possible after 8 hours in conventional
culture or in co-culture with tracheal epithelial cells. In pigs it was found that a soluble
factor derived from oviduct epithelial cells decreased the number of spermatozoa
penetrating the oocytes, without suppressing the fertilization rate (Kano et al, 1994).

Oviductal sperm reservoirs in human.
In humans there is less information about the existence of sperm reservoirs. Hunter
(1987) concludes from studies in both human and other primates that there is a tubal
sperm reservoir and that the cervix is not the site of such a reservoir in women. Some
other studies in the human are contradictory: using artificial insemination followed by
removal and investigation of the fallopian tube, there were no indications for sperm
binding to epithelial cells, sperm reservoirs and peri-ovulatory redistribution of
spermatozoa (Williams et al, 1993). On the other hand, Pacey and colleagues (1995)
found an interaction of human spermatozoa with tubal cells and suggest that this
interaction might be important during sperm transport in the human fallopian tube. Coculture studies could be a good alternative to study the human situation in more detail.
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Conclusions.
It can be concluded from these studies that, at least in species with a low rate of sperm
survival in vitro, sperm reservoirs (both in vivo and in vitro) have an important function.
Whether specific (oviductal) cells are necessary, and whether these systems also function
in species with better sperm survival (like human) is unknown and this is one of the
subjects of this thesis.

CO-CULTURE OF EMBRYOS
Background.
In most mammalian embryos, development in vitro is arrested or delayed at the
approximate time of genome activation. In order to overcome this block, co-cultures have
been developed. In non-primate embryos, overcoming the block is important because
uterine embryo transfer has to be performed in the morula or blastocyst stage. In humans,
embryo transfer can be performed in earlier stages; the implantation rates, however, are
very low (10% versus 50% for bovine blastocysts). The purpose of using co-culture in
human IVF was to increase the number of zygotes developing to the blastocyst stage in
vitro, followed by blastocyst transfer. This was expected to result in a higher implantation
rate per embryo and a higher pregnancy rate. Subsequently, it should be possible to
reduce the number of embryos per embryo transfer, which would decrease the number of
multiple pregnancies. However, untili now, in most studies ET was performed at day 3
after OPU and the number of transferred embryos was still 2-4.
Bovine embryo co-culture.
The first co-culture systems consisted of trophoblastic cells and were used in bovine IVF
(Camous et al, 1984; Heyman et al, 1987). At the moment, as reviewed by Trounson et
al (1994), bovine granulosa or oviductal cells are the most common systems, supporting
the development of about 50% of the two-cell IVM/IVF bovine embryos to blastocysts,
with an implantation rate of 50% per blastocyst. Moreover, conditioned medium (CM) of
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these cells can be used, but this is less effective (Eyestone & First, 1989). Other cell
types (skin, testis, liver) have been tried with comparable results (Goto et al, 1992), so
the effects seem to be non-specific. The simplest alternative consists of the non-specific
Buffalo Rat Liver Cells (BRLC). This cell line with infinite life is easy to culture and has
a high effect in bovine IVF, both directly as a feederlayer (Rehman et al, 1994a,b; Hawk
& Wall, 1994) and indirectly, using BRLC conditioned medium (Rehman et al, 1994a,b).
Mouse embryo co-culture.
Since the first positive results of co-culture in bovine IVF, the development of embryos of
many other species have been studied in co-culture. One of the best evaluated species in
this aspect is the mouse. Besides the use of mouse embryos in some basic studies, mouse
embryos are used to evaluate the effects of new co-culture systems before introducing
these systems in more valuable IVF programs (bovine, human). Whether this is a fair test
system for other IVF programs is questionable, because many observations obtained in
mouse IVF have proved to be unreliable for other species, including the human.
The first mouse co-culture experiments were done using explanted oviducts (Biggers et al,
1962). Later, some cell cultures appeared to be effective too, among them: oviductal
(Ouhibi et al, 1990), uterine (Lavranos & Seamark, 1989) and Vero (monkey kidney; Lai
et al, 1992) cells. Sakkas and Trounson (1990) have reported that oviduct cells were more
effective in earlier embryonic stages, while uterine cells provided a better outgrowth of
the embryos (hatching and attachment). In contrast, Lavranos and Seamark (1989) have
found that uterine cells had a strong effect during the complete pre-implantation
development. The addition of steroids improved this effect to a 85% hatching rate per
embryo, versus 30% in conventional incubation. Contradictions are common in the coculture literature: Vero cells were found to have a minimal effect on mouse embryos in a
study by Ouhibi and colleagues (1990), while, in the same study, MDBK cells (bovine
kidney) had a strong effect and Vero cells had a strong effect in a study of Lai and coworkers (1992). Other contradictory results were obtained with CM. In contrast to bovine
studies, there is only little literature on effective CM in mice. In one study (Minami et al,
1992), oviduct cell CM appeared to be active and the low molecular weight fraction of
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CM was more active than the high molecular weight fraction. In other studies no effect
was found of CM on mouse embryo development (Goto et al, 1992; Lai et al, 1992).
Human embryo co-culture.
In human IVF programs, the first co-culture attempts were reported in 1989. Bongso and
colleagues co-cultured human embryos on human ampullary cells and found an
improvement in embryo quality resulting in 78% (50% in control) compacted morula
formation, 69% (33%) cavitation, 30% (28%) expanded blastocysts and 26% (26%)
hatching. The authors concluded that oviductal cell co-culture was beneficial during the
first cleavages; after cavitation the embryo was thought to enter a new critical phase with
other requirements. The same group (Bongso et al, 1992) reported the beneficial effect of
oviduct cell co-culture in 55 patients with previous IVF failures. The co-culture system
provided a 44% pregnancy rate, but the study was not controlled and many different ET
techniques were used at different stages of embryo development.
Wiemer and co-workers (1989a,b) reported the first controlled study using fetal bovine
uterine fibroblasts in human IVF. In contrast to the observations of Gandolfi and Moor
(1987) and Ouhibi et al (1990), who found that fibroblasts were not effective in animal
IVF, Wiemer's

group found an improvement in human embryo quality (less

fragmentation, more cells per embryo), resulting in a doubling of the pregnancy rate after
ET on day 2 after OPU (35% vs. 17%; η = 116). In 1993, the system was changed to
bovine oviductal epithelial cells (BOEC) and a comparable effect was found in humans
(Wiemer et al, 1993) and in mice (Khalifa et al, 1993).
Using Vero cells, Ménézo and colleagues (1990) found a significant increase in blastocyst
formation of human spare embryos (61% vs. 3%), indicating that the effects of co-culture
can be obtained by non-specific cells in human IVF. In 1994, these results were
confirmed, but Vero cell co-culture did not increase the pregnancy rate after ET on day 3
after OPU in IVF patients having their first IVF cycle (Sakkas et al, 1994).
A very safe system for co-culture was proposed and evaluated by Plachot and colleagues
(1993a) who used autologous granulosa cells and found a positive influence on embryo
development. In a small uncontrolled study, however, the pregnancy rate was not
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influenced. A comparable system is the extended incubation in the presence of cumulus
cells. Again the embryos were of better quality, whereas the pregnancy rate has not been
studied yet (Mansour et al, 1994).
During the past years, BOEC and Vero cells were the most frequently used co-culture
systems. Vero cells appeared to be active mainly in patients with a long history of IVF
failure (Schillaci et al, 1994; Ménézo et al, 1992), while BOEC was effective generally
(see above). From now on, co-culture was combined with other techniques, like embryo
cryopreservation. Blastocysts obtained in Vero cell co-culture were transferred effectively
after cryopreservation, with a pregnancy rate of 15% per transfer (Ménézo et al, 1992).
A one day BOEC co-culture was used after cryopreservation and resulted in a 16%
pregnancy rate, versus 7% using conventional culture. However, a 15% pregnancy rate
was obtained by a direct embryo transfer (no culture; Wiker et al, 1992). The
combination of BOEC co-culture and assisted hatching was effective too, but the
pregnancy rate was not significantly improved in comparison with conventional culture in
a small controlled study (38% versus 22%; Tucker et al, 1994). Using the same
techniques in an uncontrolled study, Wiemer et al (1994) found a pregnancy rate of 47%
in 95 patients with high FSH, ovulatory disorders or multiple failed IVF.
From this review, it can be concluded that the effects of co-culture were studied
insufficiently in human IVF. Different authors found different results, most of the time in
a small group of patients. There is a need for large-scale controlled studies, because only
a proven high effect can compensate for the disadvantages (safety aspects) of co-culture.

SAFETY ASPECTS OF CO-CULTURE
The main problem of co-culture is the safety of this technique. Most cell types used in
human IVF are of allologous or heterologous origin and therefore carrying the risk of
(viral) infections. Although most viruses are not capable of passing the zona pellucida
(Singh et al, 1987; bovine), the recipient can be infected during embryo transfer. In
human IVF, the use of allologous cells entails the risks for infection with, among others,
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human immunodeficiency virus or hepatitis B. Fortunately, it is possible to test the cells
for these well-described diseases. Using heterologous cells, there is the advantage that
most viruses will probably not be infectious to humans. However, there are known (and
probably unknown) exceptions or uncertainties. For example, bovine viral diarrhea virus
(BVD-V) is difficult to detect and has a negative influence on fertilization during bovine
insemination (Grahn et al, 1984). More uncertain is bovine spongiform encephalopathy
(BSE), caused by almost undetectable agens (prion, virino or filamentous virus) and with
an unknown risk for humans (EEC committee for proprietary medicinal products, 1992).
Uncertain too is the use of established cell lines, like Vero cells. These cell lines can be
considered safe in a virological way, but the cells obtained the ability to grow infinitely
due to genetic transformation. A possible genetic (inter)action of these cells on the
developing embryo has not been described, but has not been studied either.
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MATERIALS AND METHODS
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3.1

CELL CULTURES, CO-CULTURE SYSTEMS AND SAFETY
TESTING.

CELL CULTURES
Different cell cultures and cell lines have been used in the experiments. The origin and
preparation of the cells will be described here. Further characteristics will be described in
chapter 4.

Human skin fibroblasts.
Nine human skin fibroblast cultures were kindly donated by the Laboratory of Human
Genetics of the University Hospital Nijmegen. These cultures were initiated from five
fetuses, with ages between 16 and 40 weeks (HS-1 to HS-5), and four women between 25
and 34 years of age (HS-6 to HS-9). Cultures were initiated from skin biopsies. The skin
was washed with 76% ethanol and a biopsy was taken with a biopsy punch (diameter 4
mm; Stiefel, Offenbach, FRG) or with forceps and scalpel. The skin biopsy was washed
in phosphate-buffered saline (pH 7.4), cut into four to eight pieces and digested for 3-5 h
at 37 °C in 2 ml of 4 mg/ml collagenase A solution (Boehringer, Mannheim, FRG) in
Ham's FIO medium (Flow, McLean, VA, USA). After digestion, the tissue fragments
were pipetted several times and the cell suspension was centrifuged (5 min, 200 g). The
cell pellet was resuspended in 5 ml Ham's FIO medium supplemented with 20% heat
inactivated fetal calf serum (FCS; Life Technologies, Breda, The Netherlands), and
incubated in 25 cm2 tissue culture flasks (Nunc, Life Technologies). Three to seven days
later the culture was confluent and could be subcultured, using 0.05% trypsin/0.02%
ethylenediaminetetraacetic acid (trypsin/EDTA; Life Technologies), with a split ratio of
1:2 in HAM FIO supplemented with 10% FCS. Further subcultures were made every 3-5
days. Until they were used in this study, the cells were cryopreserved between passage 3
and 6, in a concentration of 3-5 χ 106/ml (1 ml/vial) in FCS with 10% (v/v)
dimethylsulfoxide (DMSO). Just before use in this study, the cells were thawed and
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6

cultured in Ham FIO supplemented with 20% FCS in a concentration of about 0.5 χ IO
2

living cells (viability after freezing: 85-90%) in a 25 cm culture flask. After 3-5 days the
cultures were confluent and could be subcultured for use in this study. The cells were
used between passage 6 to 14 for experiments with mouse embryos and human
spermatozoa (see paragraph 3 and 7).
Another cell culture of human skin fibroblasts was obtained from the American Type
Culture Collection (Rockville, MA). This culture was screened extensively on safety (see
1.6) and was used in both laboratory tests and clinical studies. The cell culture, named
CCD-27sk, was initiated in 1979 and originated from the skin of the chest area of a
normal human male fetus. The cells arrived frozen at passage 5 in our laboratory. The
cells were cultured in Eagle's Minimum Essential Medium in Earle's balanced salt
solution (MEM; Life Technologies) with non-essential amino acids (NEAA; Life
Technologies) and 10% FCS until passage 8 with a split ratio of 1:3. At passage 8 one
part of the cells was frozen in a concentration of 2 χ IO6 cells/ml (1 ml/vial) in MEM +
NEAA + 20% FCS supplemented with 10% DMSO. These cells formed the Master Cell
Bank (MCB). Another part of the passage 8 cells were further cultured to passage 11.
After freezing, these cells formed the Manufactures Working Cell Bank (MWCB). The
MWCB was safety tested (see below) and used for the clinical experiments. From the
MCB another MWCB was formed. This MWCB was used for different laboratory tests
with mouse embryos and human spermatozoa.

MDBK and Vero cells.
Madin Darby Bovine Kidney (MDBK) and Vero (derived from the kidney of the Green
African Monkey) cells were obtained from Flow Laboratories (McLean, VA, USA) and
arrived as growing cultures at passage 124 and 138 respectively. Subcultures were made
by trypsinisation of 4-5 day old confluent monolayers with trypsin/EDTA. The
trypsinisated Vero cells were seeded in medium 199 (M199; Life Technologies)
supplemented with 5% FCS, the MDBK cells were cultured in Ham F12 (Life
Technologies), supplemented with 10% FCS and 1% NEAA. The cells were cultured in
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25 cm tissue culture flasks and incubated at 37°C under 5% C0 2 . After eight passages
the cells were cryopreserved and after thawing the cells were cultured for at least three
passages before being used in experiments.
Bovine oviductal epithelial cells (BOEC).
Epithelial cells of the bovine oviduct were kindly donated by Dr К.E. Wiemer (Margate,
Florida, USA). The initiation of the cell culture has been described earlier (Wiemer,
1993). The cells arrived in our laboratory as frozen suspensions in passage 2. After
thawing, the cell suspension was slowly diluted with M199 supplemented with 10% FCS
and cultured in 25 cm2 tissue culture bottles for 2-4 days. If the monolayer was about 60
to 80% confluent the cells were subcultured using trypsin/EDTA.

CO-CULTURE SYSTEMS
The different cell types were cultured (37°C, 5% C0 2 ) in a 4 well system (Nunc, Life
Technologies) in 1 ml culture medium. For the laboratory tests with human skin
fibroblasts, Vero cells and MDBK cells 100,000 cells were seeded in each well and the
monolayer was used at 100% confluency (after 2-4 days of culture). The bovine epithelial
cells and the clinically used human skin Fibroblasts were seeded at respectively 100,000
and 40,000 cells/well. After 2 days these cultures were about 60-80% confluent and could
be used for co-culture. Before introducing spermatozoa, oocytes or embryos, the culture
medium in the wells was replaced by co-culture medium, which could vary between the
different experiments, and preincubated for at least 2 hours.

CONDITIONED MEDIA AND VERO CELL EXTRACT

In several studies of this thesis, the effects of co-culture have been compared with the
effects of conditioned media (CM). For this purpose, 10 mL co-culture medium was
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incubated on a 3-5 days old confluent culture of cells in 75 cm tissue culture flasks.
After 24 hours incubation at 37°C under 5% C0 2 , the medium was removed from the
cells, centrifuged (5 minutes, 200 g) and directly used in the experiments. In one
experiment CM was fractionated on a Sephadex G-25 column (PD-10; Pharmacia,
Uppsala, Sweden). After equilibration with 25 ml culture medium, 2.5 ml CM was placed
on the column. The high molecular weight fraction was eluted with 3.5 ml culture
medium. The low molecular weight fraction was eluted with the next 5 ml of culture
medium. The fractionation process resulted in high and low molecular weight fractions
that were diluted 1.4 and 2.0 times respectively. The high molecular fraction was further
diluted to a volume of 5 ml (dilution 2.0 χ compared to CM).
Vero cell extract was derived from trypsinisated confluent monolayers, incubated as
described earlier. After trypsinisation the cells were washed twice with M199 and suspen
ded in M199 until a concentration of approximately 50 χ IO6 cells/ml. The suspension
was frozen (liquid nitrogen) and thawed three times in order to lyse the cells. After
centrifuging twice (5 minutes; 8500 g) the supernatant was collected and used as cell
extract. The Final protein concentration of this cell extract was 2.3 mg/mL. In the
experiments the cell extract was used directly after preparation in 5% (v/v) concentrations
in co-culture medium.

SAFETY MEASURES FOR HUMAN Г Т CO-CULTURE

The MWCB of human skin fibroblasts which was destined for clinical work and all the
culture materials were specially selected and extensively screened. The selected fibroblast
culture was started in 1979. This can be seen as a precautious measure with respect to
Human Immunodeficiency Virus contamination (before 1980 the incidence of HIV was
considered to be low). The fibroblasts were of fetal origin and were genetically normal.
The MWCB of these cells was stored in a separate cryo container and screened for
sterility, viral contaminations and genetic stability.
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Sterility and mycoplasma tests.
The cell suspension of 3 vials was checked for the presence of bacteria, fungi and
mycoplasma. Mycoplasma was determined using fluorescent Hoechst 33258 as described
before (Chen, 1977) and after culture of frozen and thawed culture suspension. This
suspension was inoculated on mycoplasma broth plates and in bouillon agar medium.
After anaerobical incubation for 4 weeks, the bouillon agar medium was subcultured on
mycoplasma broth plates and incubated again. If mycoplasma is present, colonies are
visible on the plates. The presence of bacteria and fungi was determined by inoculation on
blood agar plates and bouillon agar medium and incubation for 2 days at 37CC. All test
results were negative.
Genetic screening.
One vial of the MWCB was cultured to passage 16 and the genetic status of these
fibroblasts was tested by Giemsa-trypsin staining (Benn & Perle, 1978). The results of the
genetic screening of CCD-27Sk at passage 16 in our MWCB are: all tested cells were
46,XY. One out of 18 cells tested had a translocation 46,XY, t(10;15).

Virological screening.
The human skin fibroblasts were screened in accordance with the requirements described
in the Food and Drug Administration (FDA) documents "Points to Consider in the
Characterization of Cell Lines Used to Produce Biologicals" (dated November 1987) and
"Points to Consider in the Manufacture and Testing of Monoclonal Antibody Products for
Human Use" (dated June 1987) and/or to the "Notes to Applicants for Marketing
Authorizations" (dated June 1987) from the Commission of the European Communities
and/or to the proposed Standard Registration Document "Monoclonal Antibodies" (dated
March 1989) from the National Control Laboratory of the Netherlands. With respect to
these regulations, the following tests were performed:
1. Assay for Viral Contaminants. The objective of this assay is to ascertain that the cell
line is free from contamination with viruses which can infect embryonated hen's eggs,
(adult and new born) rodents and 6 specified indicator cell lines. The laboratory animals,
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embryonated eggs and cell lines used in this test provide a susceptible host system for a
wide range of human and animal viruses. (Lennette & Schimdt, 1979; Mayr et al., 1974;
Jacobs et al., 1981.)
2. Extended S+L- Focus Assay. In this assay the contamination with murine xenotropic
retroviruses is tested. This virus is also dangerous in humans and the test was advised
because the co-culture technicians also do experiments with mice. (Bassin et al., 1971;
Fischinger et al., 1974; Peebles, 1975; Klement & Nicolson, 1977; Bhatt et al., 1986.)
3. Polymerase chain reaction (PCR)-Assay for the detection of Human Immunodeficiency
Virus Type 1 deoxyribonucleic acid. HIV-1 is a retrovirus that can infect many cultured
human cell types (Levy, 1989; Tateno et al., 1989; Scadden et al., 1990). After infection
by the virus, a DNA copy of the viral genome is integrated in the host cell DNA. This
proviral DNA can be used to determine the presence of viral nucleic acids. Quantisation
and characterization of HIV DNA in biological samples can be achieved by the PCR
technique (Kellog & Kwok, 1990; Kellog et al., 1990; Bruisten et al., 1991).
4. Reverse Transcriptase Assay. With this assay retrovirusses are detected as described by
Kelloff et al. (1972).
5. Epstein-Barr Nuclear Antigen-1 (EBNA-1). EBNA-1 tests were done to ascertain that
the culture is free of Epstein Barr Virus (EBV). EBNA-1 is expressed in every latent
EBV-infected cell which carries the EBV genome as multiple plasmids. (Reedman &
Klein, 1973.) If this cheap test is negative, a further study is necessary (see 6).
6. Epstein-Barr Transformation Assay. In this test human cord blood lymphocytes are
incubated with culture supernatant. If the cell line is infected with EBV, the lymphocytes
show typical morphological transformations. (Rickinson, 1986.)
7. Hepatitis В Surface Antigen (HbSAg) Assay. Hepatitis В virus can not be detected in
an infectivity assay. HbSAg can be used as a marker for a possible infection with HBV
by means of a third generation radioimmunoassay. (Miller & Overby, 1974.)
All virological tests were negative. Following the regulations for human use of
monoclonal antibodies, a Cytomegalo Virus (CMV) Assay should be executed. It has been
decided to abandon this test for 2 reasons: 1) CMV positive cell lines will give a positive
result in the Assay for Viral Contaminants, where CMV is a positive control, and 2)
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CMV is normally tested in a co-cultivation assay with a human fibroblast cell line (like
our cell line), after infection the human fibroblasts display morphological abnormalities
(Alpert et al., 1985) and they cannot proliferate anymore.
Culture materials.
Special attention was paid to the culture media of the cells. They all have a chemical base
and contain fetal calf serum (FCS) as growth promotor. Moreover, the cells are passaged
using trypsin, which also is of animal origin. FCS and trypsin were selected on the basis
of their origin (country of origin should be free of bovine spongioform encephalopathy;
BSE). Further, FCS was tested for the presence of bovine polyoma virus (BPV;
Schuurman et al., 1990). The test for bovine viral diarrhea virus (BVDV) was repeated,
because it is known that a) many batches of commercial serum are positive for BVDV
(Bolin et al., 1991), and b) BVDV can interfere with the fertilization proces in cows
(Grahnera/., 1961).
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3.2

ASSAYS ON HUMAN SPERMATOZOA

SEMEN SAMPLE PREPARATION
Fresh semen samples were obtained from patients visiting the fertility laboratory. Only
normal semen samples were selected, using the criteria of the World Health Organization
(WHO; 1992). The total sperm count per sample was at least 50 χ IO6 spermatozoa. In
the experiments in which the influence of co-culture on motility was tested, semen pools
were used. In these cases semen samples of 2-4 patients were pooled. In the other
experiments separate samples were used. Before being used in the respective experiments,
the semen samples were diluted 1:1 with human tubal fluid (HTF) medium (Quinn et al,
1985) supplemented with 0.5% human serum albumine (HSA; Sigma, St Louis, USA)
(HTF-HSA). The diluted semen was centrifuged (400 g; 20 minutes) over 80% Percoli
(Pharmacia, Woerden, The Netherlands). The pellet was washed twice with HTF-HSA
and subsequently used in the experiments. IVF semen samples were diluted (1:1) with
HTF supplemented with 0.3% bovine serum albumin (BSA; Fraction V; Sigma). This
suspension was centrifuged over 80% Percoli (Pharmacia, Woerden, The Netherlands).
The pellet was washed twice with HTF-BSA and diluted to a concentration of 2 χ IO6
spermatozoa/ml in HTF with 10% patient serum.

SPERM MOTILITY AND VIABILITY ASSAYS
Viability.
The percentage of living cells in a sample was determined by staining with eosin Y, as
described earlier (WHO, 1992). For each measurement, 100 spermatozoa were analyzed.
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Motility.
Sperm motility was measured in different media and co-culture systems. In all cases, the
sperm suspensions were divided over 25 cm2 flasks with pre-incubated (37°C, 5% C0 2 )
media with or without cell monolayers. The flasks contained 5 ml of culture media and
spermatozoa were added to a final concentration of about 3 χ IO6 spermatozoa/ml. After
10 minutes of incubation (37°C, 5% C0 2 ), motility was determined in the control
medium (t„-value). Motility in all media was determined in duplicate after a 18-24 hours
incubation period. The deviation between the 2 duplicates should be < 10%. Sperm
motility was analyzed in a Microcell counting chamber (Hamilton-Thorn, Danvers, MA)
with a CellTrak/S Motility Analyzer (CTS; Motion Analysis Corporation, Santa Rosa,
CA), consisting of a model VP320 videoprocessor and the CTS 2.30 software. The cali
bration and reliability of this system has been described earlier (Wetzels et al, 1993).
CTS analyzed the spermatozoa with a frame rate of 30 frames/s, during 1 second. A
motile sperm should have a minimum path length of 29 frames, and a minimum speed of
15 /xm/s. The lateral head displacement smoothing factor was 5. A minimum of 100
spermatozoa was analyzed for each measurement. The number of spermatozoa within 1
video field varied between 40 and 70. In this study, only the CTS-values motility
percentage and curvelinear velocity (the distance per unit time between successive
positions of each detected position in the cell's path; VCL; μπι/s) were evaluated.

THE ZONA FREE HAMSTER OOCYTE PENETRATION ASSAY (HOPA)

Female golden hamsters were kept at 21 °C with 14 hours light per day. The animals were
stimulated by intra-peritoneal injections of 10 IU human menopausal gonadotrophs
(hMG; Humegon; Organon, Oss, The Netherlands) on day 1 and 10 IU human chorionic
gonadotrophs (hCG; Pregnyl; Organon) on day 3 of their ovulatory cycle. The next
morning (22 to 24 hours post hCG) the oocyte-cumulus complexes were flushed from the
oviducts. Cumulus cells were removed by a short treatment with 20 IU/ml hyaluronidase
(Sigma). The zona pellucida was removed by incubation (2-5 minutes, 37°C) with 0.2%
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trypsin in HTF-medium. Prepared semen was pre-incubated (37 CC, 4 hours) at a
concentration of 100,000/ml in wells of the Nunc 4-well system (Life Technologies) in
HTF supplemented with 0.5% HSA (HTF-HSA) without cells or in co-culture with a
monolayer or suspension of cells. After pre-incubation, 10 to 20 hamster zona free
oocytes were introduced to the semen suspensions and culture continued for another 3.5
hours. After incubation, the oocytes were transferred to a microscopic slide and squeezed
gently. The squeezed oocytes were examined for the presence of penetrated and
decondensed spermatozoa and the penetration index (the number of swollen sperm heads
divided by the number of inseminated oocytes) was calculated.

THE ZONA BINDING ASSAY
After informed written consent, three-day-old, unfertilized human oocytes from the IVF
program were previously stored in a high salt concentration medium (1.5 M MgCl2.6H20,
20 roM Hepes, 0.1% dextran, 10% glycerol, 0.1% PVP) at 4°C. The day before the
ZBA, these salt stored oocytes were transferred to HTF medium, gently pipetted to
remove bound spermatozoa and placed at 4°C. The next day, the oocytes were transferred
to fresh HTF-HSA and pre-incubated for 1 hour at 37°C and 5% C0 2 . Prepared semen
samples were pre-incubated (4 hours, 37 °C, 5% C02) in wells and then the oocytes were
introduced to the wells. After 4 hours of incubation, the oocytes were placed on a dextran
gradient (18 mg/ml), centrifuged

(3 minutes; 160 g) and fixed/stained in 1%

glutaraldehyde and 2 /tg/ml Hoechst 33258 during 1 to 4 days at 4°C. After this time the
oocytes were washed, placed on a glass slide and imbedded in the medium of Johnson and
Nogueira Aurojo (1981) and zona attached spermatozoa were counted using fluorescence
microscopy (magnification 400x).
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3.3

ASSAYS ON MOUSE EMBRYOS

MOUSE STRAINS, OVARIAN STIMULATION AND EMBRYO RECOVERY
The mouse strains were selected on the presence or absence of an in vitro developmental
block (two-cell block). Mouse zygotes with a two-cell block were obtained from 4 to 6
weeks old Swiss mice (Cpb:SE, random bred; CPB, Zeist, The Netherlands), mouse
embryos without two-cell block were obtained from 4 to 8 weeks old Fl-females (CBA χ
С57Ы/6). The animals were kept at light:dark conditions of 14:10 (light off at 7:00 pm).
Superovulation occurred with intraperitoneal injections of 5 IU human menopausal
hormone (hMG; Humegon, Organon) at noon on day 1 and 5 IU human chorionic
hormone (hCG; Pregnyl, Organon) at noon on day 3 of the ovulation cycle. Immediately
after hCG administration, the female animals were placed overnight with a male of the
same strain. Embryos of unstimulated females were obtained by placing three 8-10 weeks
old females with a male of the same strain. The next morning, mating was checked by the
presence of a vaginal plug. On day 0, 1, 2, 3 or 4 after the confirmation of mating by the
presence of a vaginal plug, the animals were killed by cervical dislocation, approximately
at noon. The embryos were collected by flushing the oviducts with HTF-BSA or HTFHSA (5 mg/ml). If necessary, cumulus cells were removed using a 0.1% hyaluronidase
solution.
In this thesis, both stimulated and unstimulated females were used. Therefore, the day at
which the vaginal plug was observed was taken as reference for incubation times and
embryo recovery (day 0).
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В

D

Figure 3.3.1. Some stages of mouse pre-implantation embryo development. A t/m F respectively:
zygote, 2-cell, 4-cell, compacted morula, blastocyst and hatching blastocyst.
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EMBRYO DEVELOPMENT
Embryo development was followed during the in vitro (co-)culture (37°C, 5% C0 2 ). The
embryos were introduced to the culture systems at the zygote (day following the detection
of a vaginal plug) or the late two-cell stage (day 1 after observation of the vaginal plug).
The developmental stages were scored on the day 4 and 5. The embryos were classified
as 2-8 cell (blocked embryos), 8-16 cell, compacted morula, expanded blastocyst and/or
hatched blastocyst (see figure 3.3.1).

EMBRYONIC CELL NUMBER DETERMINATION
Embryos were transferred to wells containing HTF medium supplemented with 10 /ig/ml
bisbenzimid (Hoechst 33342; Sigma) and incubated (37°C, 5% C0 2 ) for 30 minutes.
After two wash steps (5 minutes incubation in HTF medium), the embryos were placed
on a microscopic slide (about 5 embryos/slide) in a volume of about 5 μ\. The medium
was removed with a thin capillary pipet until the embryos attached on the slide.
Immediately 96% cold methanol was added carefully and then in excess. After air-drying
a drop of antifading solution (Johnson and Nogueira Aurojo, 1981) was added and the
number of normal nuclei was determined (fluorescent microscope; magnification 500x) as
a measure of embryonic cell number.

EMBRYONIC DIAMETER DETERMINATION

Embryos were visualized using an inverted microscope (Olympus CK-2) connected with a
video system (final magnification on screen 320x). Of each female the co-culture and
control embryos were videotaped and subsequently analyzed by an investigator who was
kept ignorant of the culture situation. The largest diameter of each embryo (excluding the
zona pellucida) was measured on the video screen.
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MEASUREMENT OF S-METHIONINE UPTAKE AND INCORPORATION
In these experiments, a maximum of 16 embryos per female was used (control + coculture) because the results are highly dependent on the incubation time. Larger numbers
of embryos would lead to significant errors. The embryos (blastocysts) were transferred
to drops of hepes buffered HTF-BSA containing 1.25 mCi/ml L-[35S]-methionine (sp. act.
1000 Ci/mmol; Amersham, 's-Hertogenbosch, The Netherlands). After incubation (1.5
hours, 37 °C) the embryos were washed five times in HTF medium and then transferred
to a sodium dodecyl sulfate (SDS) lysis buffer in a total volume of 20 μΐ. After boiling
the lysate (5 minutes), the uptake and protein-incorporation of L-[35S]-methionine were
determined by liquid scintillation counting of 2 μ\ of the lysate (uptake) and of the
trichloroacetic acid (TCA) precipitable fraction of 2 μΐ of the lysate (incorporation in
proteins).

SDS-PAGE

Lysates, described in 3.3.4, were separated by 1-dimensional Sodium Dodecyl Sulphate
Polyacrylamide Gel Electrophoresis (SDS-PAGE) as described earlier (Laemlli et al,
1970) on 4 to 20% gradient prefab mini-gels (Biorad, Veenendaal, The Netherlands) with
pre-stained marker proteins (Biorad). After running, the gels were treated with Amplifier
(Amplify; Amersham) and after drying radio-fluorography was carried out for 1-3 weeks.

ASSISTED HATCHING
Assisted hatching was carried out using the partial zona dissection technique. In hepes
buffered HTF medium, the zygotes/embryos were fixed with a holding pipet at the nine
o'clock position (polar body at 12 o'clock). The dissection needle was entered through the
zona pellucida at two o'clock and carefully manipulated to the 10 o'clock position, where
57

Chapter 3
it crossed the zona pellucida again. With the zona speared on the dissection needle, the
zygote/embryo was laid against the holding pipet. Subsequently, the zona was sliced over
about 30-40% of its circumference by a mechanical shock.
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3.4

HUMAN IN VITRO FERTILIZATION

The patients received the so called "long protocol" for ovarian stimulation using
gonadotropin releasing hormone analogue (GNRH-a; Lucrin; Abbott, Amstelveen, The
Netherlands), human menopausal gonadotropin (hMG; Humegon; Organon) and human
chorionic gonadotropin (hCG; Pregnyl; Organon). All patients gave informed written
consent and the study was approved of beforehand by the Hospital Ethical Committee.
The obtained oocytes were washed in IVF medium (HTF with 10% patient-own serum)
and abundant cumulus cells were dissected. The oocytes were incubated (37°C, 5% C0 2
in air) in 1 ml IVF medium in incubation wells (Nunc 4-well system) with or without
CCD-27sk-feederlayers (3 oocytes/well). About 4 hours after follicular aspiration,
100,000 motile spermatozoa were introduced into each well. Eighteen hours later, the
oocytes were transferred to fresh culture medium and fertilization was determined by the
presence of 2 or more pronuclei. Culture continued with or without co-culture
(dependending on which study) for another two days. On day three after ovum pick up,
the best embryos (maximum of 4) were selected for embryo transfer. Good quality
supemumerous embryos were cryopreserved with the permission of the patient. With
respect to embryo quality, a score system ranging from 5 (good) to 1 (poor) was used
(see table 3.4.1). The embryos selected for ET or cryopreservation were washed twice
with culture medium in order to reduce the chance of transferring fibroblasts.
Subsequently, the embryos were incubated (1-4 hours) in ET medium, consisting of HTF
supplemented with 50% autologous serum, and transfered intra-uterine using a Wallace
(Wallace Ltd, Colchester, UK) or Frydman (Prodimed, Neuilly, France) catheter.
Pregnancy was defined as a positive (> 50 IU/1) urine hCG test (ICON; Hybritech
Europe, Liege, Belgium) followed by the ultrasonographic assessment of one or more
gestational sacs at about 7 weeks of pregnancy and heart beat at 12 weeks of pregnancy.
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Table 3.4.1. Definition of the embryo quality score system Modified from Puissant et al, 1987
Quality

Definition

5

excellent

a β cell, no fragmentation

4

good

Odd cell number ( > 7) or unequal cells, < 10%

Score

fragmentation

fair

Lower cell number (odd/unequal) and/or fragmentation
between 10 and 25%

moderate

Lower cell number (odd/unequal), fragmentation
between 25 and 50%

poor

Lower cell number (odd/unequal), fragmentation >
50%
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EXPERIMENTS AND RESULTS
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4.0

INTRODUCTION

In this chapter, the experiments and results of this thesis will be presented. After a short
introduction, restating the field of interest, each paragraph represents the study design and
results coupled to one of the research questions (see 1.3, scope of this thesis). A more
extensive introduction has been given in chapter 2 and details concerning materials and
methods have been presented in chapter 3.
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4.1

CELL CULTURES

INTRODUCTION
Before presenting the effects of co-culture on different aspects of IVF, this paragraph
presents a short description of the experiences with the different cell types used.
Furthermore, table 4.1.1 clarifies the use of the different cell types in the different
experiments.

CELL CULTURE DESCRIPTIONS
Human skin fibroblasts.
Independent of their origin, the fibroblast cell cultures used in this thesis had a high
growth rate, resulting in 100% monolayers in 2-4 days if a split ratio of 1:2 or 1:3 was
used. A confluent culture of human skin fibroblasts had a transparent appearance which
made it easy to judge oocytes and embryos (see figure 4.1.1). The cells are stretched and
contain, especially in young cultures, many stress fibers. A 100% confluent 4 day old
culture of these fibroblasts in a 25 cm2 culture flask contained about 2.5 to 3.5 χ IO6
cells. After trypsinisation, more than 95% of these cells were vital, as determined with
trypan blue vitality staining. During (co-) culture a 100% confluent monolayer of CCD27sk cells led to medium alterations due to metabolic activity. In 4 ml IVF medium (HTF
supplemented with 10% autologous serum) a 25 cm2 100% confluent culture of fibroblasts
metabolized 0.6 μιηοΐ/ml glucose in 24 hours (see table 4.1.2). Simultaneously, 1.8 jimol
lactate was secreted, pointing to glycolysis as major dissimilation process, sodium,
potassium and calcium did not change during this incubation time.
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MDBK and Vero cells.
The Vero cells and MDBK cells had an epithelial shape (figure 4.1.1). These cells have
infinite life (cell line) and a 100% confluent culture in a 25 cm2 flask contained about 710 χ 106 cells. The metabolic rate of glucose by Vero cells was much higher than that of
the fibroblasts (table 4.1.2). The other parameters measured in the culture medium did
not change significantly.
Bovine oviduct epithelial cells (BOEC).
BOECs were less easy to culture to 100% confluency and were used or trypsinized at 6080% of confluency. With a split ratio of 1:2, this confluency was normally reached after
2 days of culture. At this time, the culture consisted of about 1.2 χ 106 cells in a 25 cm2
flask. BOECs had a typical epithelial polygonal shape (figure 4.1.1). The epithelial origin
was checked using monoclonal antibodies to cytokeratin. Of the cell types used in this
thesis, BOEC displayed the lowest metabolic activity (table 4.1.2).

Figure 4.1.1. Microscopic view on human skin fibroblasts (A), bovine oviductal epithelial cells
(B) and Vero cells (C) in culture. Magnification x400.
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Table 4.1.1. The use of the different cell types in the experiments of this thesis.
Experiment

Paragraph

fetal (HS-1 to HS-5)

sperm motility, mouse block

4.2, 4.5

adult (HS-6 to HS-9)

mouse block

4.5

fetal (CCD-27sk)

motility, HOPA/ZBA,

4.2, 4.3,

fertilization, mouse block,

4.4, 4.5,

(assisted) hatching, human

4.6, 4.7

Cell type
Human skin fibroblasts

embryo development
Vero cells

motility (pos. control)

4.2

MDBK cells

mouse block (pos. control)

4.5

BOEC

ZBA (control)

4.3

Abbreviations: HS: human skin fibroblast; HOPA; hamster oocyte penetration assay; ZBA: zona
binding assay; pos.: positive.

Table 4.1.2. The medium concentrations of Na, K, Ca, Glucose and lactate of different cell types
after 24 hours incubation of 25 cm2 confluent cell culture in 4 ml HTF + 10% human serum. All
values in μπτοΐ/πιΐ. All media were measured in duplo on a standard blood auto analyzer.
+

K

+

cell type

Na

No cells

144

5.6

CCD-27sk

146

Vero
BOEC

Ca

2+

glucose

lactate

2.15

3.2

15.2

5.7

2.17

2.6

17.0

145

5.6

2.16

0.6

19.5

145

5.7

2.16

3.0

15.7
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4.2

THE EFFECTS OF CO-CULTURE ON HUMAN SPERM
MOTILITY

INTRODUCTION
Motility is one of the most important characteristics of spermatozoa. In human IVF, it is
demonstrated that the fertilization rate is correlated with motility percentage, curvelinear
velocity and sperm survival (see 2.1). In this paragraph, the effects of co-culture on
viability and motility are described after a 18 - 24 hours incubation at 37 °C. The effects
were studied in media containing human serum or fetal calf serum (FCS). The latter has a
strong negative effect on human sperm motility (Goverde el al, 1988). In order to find
out whether a direct contact is necessary between monolayer and sperm cells and whether
the active component is present inside the Vero cell, the effects of Vero cell conditioned
medium and Vero cell extract respectively were tested.

EXPERIMENTS
Sperm motility in co-culture.
Sperm motility in co-culture with Vero cells and human skin fibroblasts (cell cultures HS1 to HS-5) was investigated and compared with this parameter in medium without cells
(control). The culture medium was HTF supplemented with 10% human serum (HTF-S).
The human serum consisted of pooled serum of 10 IVF patients. Before use, the serum
was heat inactivated (56 e C, 30 minutes). The study was performed with six semen pools
(see 3.2).

The influence of conditioned medium and cell extract.
The effects of Vero cell conditioned medium and Vero cell extract on sperm motility
were studied. The culture media used in this study were M199 (Life Technologies)
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medium; M199-s) or 5% FCS (Life Technologies; M199-F). M199-F was used alone, in
combination with Vero cells, as Vero cell conditioned medium and as recipient medium
for Vero cell extract (see 3.1). The experiment was executed with eight semen pools.
Sperm vitality in co-culture.
Of 12 prepared semen samples the viability was measured before (control) and after
incubation in M199-F with and without Vero cell monolayers.
Statistics.
All values are presented as their percentage of the tg-value of the semen pool concerned.
The results were statistically evaluated using the Analysis of Variance (ANOVA) test,
followed by the Tukey multiple comparison test in the case of significance, or the
Wilcoxon test.

RESULTS
Sperm motility in co-culture.
The effects of Vero cells and five human skin fibroblast cultures on the motility of human
spermatozoa are presented in figure 4.2.1. The motility parameters are presented as a
percentage of the initial motility (at to). The motility percentage was significantly higher
(P < 0.01) if spermatozoa were co-incubated overnight with a cell monolayer as
compared to the control (HTF-S without cells). With respect to the VCL, however, only
the results of spermatozoa co-incubated with Vero cells are significantly higher (P <
0.05) than the control. In general, adhesion of spermatozoa to the monolayer differed
with the sperm sample but did not exceed 25%.
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Motility percentage

Curvelinear velocity

ControlVero HS-1 HS-2 HS-3 HS-4 HS-5

ControlVero HS-1 HS-2 HS-3 HS-4 HS-5

Figure 4.2.1. The motility percentage and curvelinear velocity of human spermatozoa after 18-24
hours of incubation in HTF supplemented with 10% human serum (HTF-S) with and without
human skin fibroblast cultures of fetal/neonatal origin (HS-1 to HS-5) or Vero cells. Presented are
relative values (mean ± SD; η = 6): the values at to were set at 100%. Values statistically
significant from HTF-S: * Ρ < 0.05, ** Ρ < 0.01; ANOVA.

The influence of conditioned medium and cell extract.
As expected, FCS had a strong inhibiting effect on human sperm motility (figure 4.2.2).
Compared with the initial (t,,-value) motility, the motility in M199-F after incubation
overnight was 23 ± 18%, while sperm motility in M199-S was 62 ± 20% (P < 0.001).
As with the results obtained with human serum, there was a strong positive effect of Vero
cell co-culture on sperm motility. After incubation on a Vero cell monolayer, the negative
effect of FCS disappeared: co-culture maintained the motility percentage and the VCL at
about their initial (to) level. This significant effect (P < 0.001) was also present if Vero
cell conditioned M199-F medium was used. Vero cell extract, however, did not have a
positive effect and in this medium motility was even lower than in M199-F alone (P >
0.05). The control with human serum (M199-S) was a little lower than in the previous
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Figure 4.2.2. The motility percentage and curvelinear velocity of human spermatozoa after 18-24
hours incubation in: M199 supplemented with 5% human serum (M199-S), M199 supplemented
with 5% fetal calf serum (M199-F), M199-F in co-culture with Vero cells (Vero), Vero cell
conditioned HTF-F medium (CM), M199-F supplemented with Vero cell extract (Extract).
Presented are relative values (mean ± SD; η = 8): the values at to were set at 100%. Values
statistically significant from M199-F and extract: * Ρ < 0.001; ANOVA.

experiment. This can be explained by the use of M199 versus HTF as basic medium. In
previous experiments it was found that the richer culture media (like M199) had a slight
negative effect on motility compared to balanced salt solutions (like HTF) (unpublished
results).
Sperm vitality in co-culture.
Sperm vitality after preparation at ^ was above 60% in all samples measured, with a
mean of 80 ± 9%. After a 24 hours incubation in M199-F, about 85% of the
spermatozoa were still vital while the motility percentage dropped to about 40%, both
compared to the initial (t^) value (see figure 4.2.3). In co-culture with Vero cells, vitality
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was observed to be 117% of its initial value and motility increased slightly to 111% of
the to-value. The vitality percentages in the two incubation systems are significantly
different (P < 0.01); however, in both cases the deviations from to are small. The results
of the vitality measurements do not explain the differences in motility in the two
incubation systems.
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Figure 4.2.3. Motility percentage (black), VCL (dotted) and vitality (dashed) of human
spermatozoa after 24 hours incubation in M199-F with or without Vero cell co-culture. Presented
are relative values (mean ± SD; η = 12): the values at t0 were set at 100%. Statistics: * Ρ <
0.01 compared to M199-F; paired Wilcoxon test.
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4.3

ZONA BINDING AND OOCYTE PENETRATION IN
CO-CULTURE

INTRODUCTION
Sperm binding to the zona pellucida and penetration of the oolemma, are complex
processes which are of crucial importance to in vivo and in vitro fertilization (see chapter
2). These processes can be measured in the zona binding assay (ZBA) and hamster oocyte
penetration assay (HOPA), respectively.
In animal systems, it is found that interactions of spermatozoa with oviductal cells
reduced the number of spermatozoa at the site of fertilization, both in vivo and in vitro
(see chapter 2). This interaction results in a significantly increased viability of
morphologically normal spermatozoa, in the increase of the fertile life of the semen and
in the reduction of zona bound spermatozoa. Furthermore, the number of multiple
fertilized oocytes decreases, while the fertilization rate in general is not influenced or
influenced positively.
Here, using the combination of the ZBA and HOPA, it was investigated whether coculture with fibroblasts and epithelial cells (BOEC) could be expected to have the same
effects on human fertilization.

EXPERIMENTS
Zona binding in co-culture.
The ZBA was performed

with concentrations of

100,000 or 500,000 motile

spermatozoa/ml. The incubation wells contained 1 ml HTF-HSA solely or in combination
with a fibroblast monolayer or suspension (100,000 freshly trypsinized cells). Seventeen
semen samples were used in this experiment. The experiment was repeated with BOEC
cells using 100,000 spermatozoa/ml (19 semen samples).
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Zona binding in Fibroblast conditioned medium.
In this experiment, the influence of fibroblast conditioned medium was tested, using 12
semen samples. Spermatozoa were used in a concentration of 100,000/mI. Additionally,
the conditioned medium was separated into a high and a low molecular weight fraction
over a Sephadex G-25 column (see 3.1). These fractions were tested in the ZBA with
normal HTF-HSA medium as control (14 semen samples).
Hamster zona free oocyte penetration in co-culture.
The HOPA was performed as described in 3.2. Eight prepared semen samples were used
in this experiment.
Statistics.

The results showed a log-normal distribution (multiplicative model) and could therefore
be evaluated statistically using a 3-way ANOVA test after logarithmic transformation.

RESULTS
Zona binding in co-culture.
The ZBA had significantly (P < 0.01) higher results in culture medium alone as
compared to co-incubation with fibroblasts (mean ± SEM are presented in table 4.3.1).
In culture medium, spermatozoa bound better to the zona pellucida, with a ratio of 2.3
(1.4 - 3.7) if compared to co-incubation with a fibroblast monolayer and with a ratio of
1.9 (1.2 - 3.2) if compared to fibroblast suspensions. Comparing incubations with
100,000 and 500,000 spermatozoa/ml, the control and treatment groups differed a little
more distinctly at the lower concentration, but the concentration effect proved to be not
significant. Also, the effects of co-incubation with bovine oviductal epithelial cells
(BOEC) gave similar results. In culture medium alone, spermatozoa bound better to the
zona pellucida than in co-culture with BOEC with a ratio of 2.4 (1.3 - 4.4) for BOEC
monolayers and a ratio of 3.3 (1.7 - 6.2) for BOEC suspensions.
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Zona binding in fibroblast conditioned medium.
To find out whether the measured effects of co-incubation could be ascribed to adhesion
of spermatozoa to cells, the effect of conditioned medium was investigated in the ZBA.
Here also, the results were significantly higher in conventional culture: 110 ± 20
spermatozoa bound in medium alone and 51 ± 8.7 in conditioned medium (ratio 2.1 (1.3
-3.6)). After separation of the conditioned medium over Sephadex, it was found that the
79.4 ± 20.1 spermatozoa bound in medium alone, versus 25.2 ± 5.4 in the high
molecular weight fraction (ratio 2.8 (1.6 - 5.7)) and 67.2 ± 16.4 (NS) in the low
molecular weight fraction.

Hamster zona free oocyte penetration in co-culture.
The results of the HOPA are presented in figure 4.3.1. The co-incubation of human
spermatozoa with human skin fibroblasts monolayers or suspensions did not influence the
penetration index of the HOPA significantly. The penetration index was slightly higher
(NS) on the fibroblast monolayer. Incubation in the fibroblast suspension and in medium
alone resulted in about equal values.
Table 4.3.1. The effects of co-culture monolayers and suspensions on the results of the zona
binding assay (ZBA).
control

monolayer

suspension

Fibroblast (n= 17)
100,000/ml

106 ± 2 2

35 ± 6

42 ± 8

500,000/ml

216 ± 43

154 ± 32

166 ± 34

87 ± 18

40 ± 9

28 ± 7

BOEC (n=19)
100,000/ml

Results are expressed as number of bound spermatozoa per oocyte (mean ± SEM). Statistical
analysis: see text.
73

Chapter 4
1.60
1.40
1.20
χ
φ
тз
с
с

«
Φ

с

1.00
0.80
0.60

0.

0.40
0.20
0.00
Control

Monolayer

Suspension

Figure 4.3.1. The penetration index (mean ± SD; η = 8) of human spermatozoa in hamster
zona-free oocytes in HTF-HSA medium without or with human skin Fibroblast monolayers or
suspensions. The differences between the groups were not significantly different (P > 0.05;
ANOVA).
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4.4

FERTILIZATION OF HUMAN OOCYTES IN CO-CULTURE

INTRODUCTION
The possible sperm reservoir function of co-culture, leading to better motility after
incubation, lower zona binding and equal oocyte penetration, formed the basis for
investigating the effects of co-culture on human oocyte fertilization. The idea was that the
fertilization process occurs more naturally if co-culture was used. In this paragraph, the
effects of co-culture are described in a group of normospermic and a group of male factor
IVF patients.

EXPERIMENTS
Fertilization in patients with normospermia.
Forty-four IVF patients with a normal semen analysis (WHO criteria; World Health
Organization, 1992) who had at least one failed (no pregnancy) IVF attempt before, were
selected. After their permission, the patients were randomized over a group without
(control) and a group with human skin fibroblast (CCD-27sk) co-culture. Only the
laboratory personnel was informed about the patient's treatment (control or co-culture).
The clinic and the patients were informed after a pregnancy test was performed (18 days
after ovum pick up). The patients were stimulated and IVF was performed as described in
paragraph 3.4. After fertilization, culture continued without or with co-culture in a fresh
culture well for embryo quality studies (see 3.4 and 4.7).

Fertilization in male factor patients.
Fifteen couples with an abnormal semen analysis (WHO criteria; World Health
Organization, 1992) were selected. Patients were asked for permission and ovarian
stimulation and IVF were performed as described (see 3.4). The oocytes of each patient
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were equally divided over wells with and without monolayers. The next day, fertilization
was scored and the oocytes were transferred to culture dishes with fresh culture medium.
On day 3 after ovum pick-up, the best 2-4 embryos were selected and transferred.
Statistics.
The results showed no clear distribution and were analyzed using the unpaired,
respectively paired, Wilcoxon test.

RESULTS
Fertilization in patients with normospermia.
The results are listed in table 4.4.1. The monolayer of human skin fibroblasts did not
have a significant influence on fertilization in vitro. A fertilization rate of about 60% was
found in both the co-culture and the control group.

Fertilization in male factor patients.
In the group with abnormal semen analysis, the oocytes of each patient were divided over
a co-culture and a control incubation system. Low fertilization rates were found, mainly
due to a total absence of fertilization in 7 patients. Co-culture lead to a further decrease in
fertilization. Although this decrease was not significant (P = 0.09), it was a strong
enough indication to stop the experiment. Of the eight patients with fertilization, four
became pregnant in this group. This good pregnancy result could not be related to coculture, because the number of transferred control and co-culture oocytes was about equal
in the pregnant and non-pregnant group.
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Table 4.4.1. The effects of human skin fibroblasts monolayers on the fertilization rate in human
IVF in a group patients with normal and abnormal semen analysis.

normal semen *)

control

co-culture

61.1 ± 4.9%

60.8 ± 6.3%

(n=23)

(n=21)

31.2 ± 8.1%

18.6 ± 7.4%

subnormal semen **)
(n=15)

Responses to co-culture were not significant (P > 0.05); unpaired/paired Wilcoxon test.
*) Randomization of patients over control and co-culture group; **) oocytes of each patient were
divided over wells without and with fibroblasts.
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4.5

THE POTENTIALS OF CO-CULTURE TO OVERCOME THE
MOUSE EMBRYO IN VITRO DEVELOPMENTAL BLOCK

INTRODUCTION
One of the main problems of IVF in many species is to overcome developmental blocks.
In mouse inbred strains, this block is described extensively and it is known that co-culture
can help to overcome this block. In this paragraph, the potential of human fibroblasts to
overcome the two-cell block in mouse embryos is described. In the first experiment, the
development of zygotes to blastocysts was studied in co-culture with nine different human
skin fibroblast cultures, of which five were of fetal origin and four of adult origin. The
results were compared with development in medium alone and with development in
MDBK cells co-culture, which has a described strong effect (Ouhibi et al, 1990). In the
second study, the uptake and incorporation into proteins of labelled methionine of
blastocysts that passed the two-cell block in co-culture was compared to that of blastocysts
that passed this block in vivo. Finally, the development of two-cell (post-block) embryos
to the blastocyst stage was studied with and without fibroblast co-culture.

EXPERIMENTS
Development of zygotes to the blastocyst stage.
The development of mouse zygotes to the blastocyst stage was studied in HS-1 to HS-9
co-culture as compared to development in culture medium alone (HTF-BSA; negative
control) and co-culture with MDBK cells (positive control). Each experiment was
performed with pools of zygotes obtained from the oviducts of 4 to 8 females. About 25
embryos were incubated per well. After 2 days of incubation, the embryos were
transferred to fresh monolayers with fresh HTF-BSA. Unfertilized oocytes were discarded
at this time. On day 4 and day 5 after observation of a vaginal plug in the mother animal,
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the developmental stages were scored. The experiments were repeated until the number of
zygotes tested was at least 60 for each cell culture (3 to 7 experiments/cell culture). The
fetal/neonatal and adult fibroblast cell cultures were tested with different pools of zygotes,
the controls were tested with all pools.
Protein synthesis of co-cultured embryos.
Using CCD-27sk human fibroblasts and the negative control (HTF-BSA), the previous
experiment was repeated. Besides scoring the morula and blastocyst stages after 4 and 5
days in culture, embryonic

35

S-methionine uptake and incorporation were analyzed (35

embryos; 7 females). The results of these measurements were compared with uptake and
incorporation of 35S-methionine of blastocysts that passed the block-sensitive stage in vivo
and developed in vitro from the late two-cell stage (58 embryos; 6 females). Also, the
qualitative protein synthesis of blastocysts of both origins was determined using SDSPAGE and compared with blastocysts developed in vivo.
The effects of co-culture on the development of late two-cell embryos to the blastocyst
stage.
In this experiment the effects of co-culture on the developmental stages following the two
cell block were investigated. In total, 43 stimulated mice and 8 unstimulated mice were
used in this study. Late two-cell embryos were obtained on day 1 after observation of the
vaginal plug, approximately at noon. Of each female the embryos were randomly divided
over wells (4-well system; Nunc, Breda, The Netherlands) without and wells with a
human skin fibroblast monolayer (CCD-27sk) in HTF-BSA medium. After three days of
culture the embryos reached the expanded blastocyst stage and were examined on
methionine uptake and incorporation. The results were compared with in vivo developed
blastocysts. Furthermore, diameter and cell number of the (co-)cultured blastocysts were
examined. All (co-)cultured embryos of a mouse were used for diameter (322 blastocysts;
11 females) and cell number (124 blastocysts; 11 females) measurements. In the
methionine experiments (103 blastocysts; 9 females) the number of embryos was limited
to 16 per female, to avoid incubation time differences.
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The blastocysts developed in vivo were obtained from 8 unstimulated females (40
blastocysts) and 7 stimulated females (48 blastocysts). During the procedures of cell
number determination and methionine metabolism, there was a drop-out of embryos due
to the preparation of microscopic slides and wash steps, respectively.
Statistics.
The results were evaluated using the chi-square test, the (paired) t-test or the (paired)
Wilcoxon test.

RESULTS
Development of zygotes to the blastocyst stage.
The final developmental stage of embryos on the different fibroblast cell lines and
controls was scored after 4 and 5 days of culture. The results are presented in table 4.5.1.
The numbers of embryos in four categories were determined: 2-8 cell, 8-16 cell,
compacted morula and blastocyst.
In the negative control (HTF-BSA), we expected a developmental block at the 2-cell
stage; in fact, 90% of the embryos was arrested between the 2 and 8 cell stage. Only 7%
of the embryos passed the block and developed to compacted morulae and/or blastocysts.
The co-culture of mouse embryos with MDBK cells (positive control) resulted in a total
of 47% compacted morulae stages. This value is significantly higher than the value in the
negative control (P < 0.0005). Similar results were found for the human skin fibroblast
co-culture systems.
Surprisingly, it was found that not every compacted morula developed into a blastocyst.
On day 4 of culture, embryos that had passed the 2-cell block nearly all developed
through the 16 cell stage to the compacted morula stage. Only a few embryos were
already blastocysts on day 4 of culture. On day 5, however, it was found that the number
of blastocysts was not equal to the number of blastocysts + morulae on day 4. The
morulae that did not develop into blastocysts degenerated between days 4 and 5 of
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culture. Under the different culture conditions, 30 to 70% of the morulae developed fito
blastocysts (see figure 4.5.1). In HTF-BSA, this percentage was 45%, which was not
statistically different from the percentages obtained in MDBK co-culture. However, it
should be mentioned that only one blastocyst cultured in HTF-BSA was expanded; the
other blastocysts were poorly defined. From the blastocysts obtained in co-culture more
than 60% were expanded and appeared vital. A surprising result was the finding that the
total number of day 5 blastocysts obtained on the fetal/neonatal fibroblast cultures was
significantly higher than on the adult fibroblast cultures and MDBK-cultures (P < 0.0001
and Ρ < 0.01 respectively; Chi-square test), while the number of embryos passing the
two-cell block was about equal in both groups.
1.00

0.75

β

0.50

DC

0.25

0.00
HTF-BSA

MDBK

HS 1-5

HS 6-9

Figure 4.5.1. Embryo development under different culture conditions. The grey bars indicate the
fraction of embryos that passed the two-cell block and developed to morulae or early blastocysts
on day 4 of culture. The checked bars represent the fraction of these day 4 embryos that passed
the morula block and developed to expanded blastocysts on day 5. HS 1-5 = the combined results
of the fetal/neonatal cell cultures; HS 6-9 = the combined results of the adults cell cultures.
Statistics: a vs b: Ρ < 0.0001; с vs с: Ρ < 0.01; d vs d: Ρ < 0.0001; Chi-square test.
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Methionine metabolism

Development

75

Incorporation

Uptake

-L
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Figure 4.5.2. Left: The development of mouse embryos from the zygote stage to the morula/early
blastocyst stage on day 4 of incubation (grey bars) and the fraction of these day 4 embryos
developing to the expanded blastocyst stage on day 5 (checked bars) in HTF-BSA with and
without support of CCD-27sk fibroblast

co-culture. Right: The uptake (grey bars) and
35

incorporation (checked bars) into proteins of S-methionine of blastocysts developed through the
two-cell block in vivo and in co-culture. Mean ± SEM; in fmol/embryo.hour. Statistics: * Ρ <
0.0001; ** Ρ < 0.01 (Chi-square test); *** Ρ < 0.001; compared to the control (Wilcoxon test).

1 2

3

4

5

6

Figure 4.5.3 Qualitative protein synthesis of blastocysts developed, from left to right, in vivo
(lane 1+2), in vitro from the two-cell stage (lane 3+4) and in co-culture from the zygote stage
(5+6). The arrow indicates a possible abnormality in the patterns of lane 5 and 6. Markers (from
up to below): 200, 116, 66,45,21,14 kDa.
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Protein synthesis of co-cultured embryos.
The results are presented in figure 4.5.2. Like in the previous experiment, a significant (P
< 0.001) influence of co-culture on in vitro embryo development was found. Again, the
blastocysts obtained had a normal morphology, with a distinct inner cell mass and an
expanded blastocoel. Surprisingly, these embryos had a significantly lower 35S-methionine
incorporation than embryos that developed in vitro from the late two-cell stage.

35

S-

methionine uptake was comparable in both groups. Also, qualitative protein synthesis (a
representative pattern is given in figure 4.5.3) was not dramatically different, as
determined with one-dimensional SDS-PAGE. All blastocysts showed a similar protein
pattern. Of the embryos that had passed the two-cell block in co-culture there is one
protein band of approximately 64 kDa, indicated by the arrow, that is different compared
to the other blastocyst types.

The effects of co-culture on the development of late two-cell embryos to the blastocyst
stage.
Embryos that had passed the two-cell block in vivo were cultured from the late two-cell
stage to blastocysts in vitro with or without fibroblast co-culture. The mean number of
embryos per stimulated mouse was 28 ± 11, leading to blastocyst formation of more than
35

80% under all circumstances. The results of S-methionine uptake and incorporation are
presented in figure 4.5.4. Co-culture as compared with conventional culture, led to a
35

significant increase (18%; Ρ = 0.007) in the S-methionine uptake of blastocysts obtained
from stimulated females. The results after co-culture were similar to the results of
blastocysts that developed in vivo in unstimulated females. Surprisingly, 35S-methionine
uptake was similar (P > 0.05) in blastocysts of stimulated females either after in vivo or
after in vitro development. 35S-Methionine incorporation was 9 to 9.5 fmol/embryo.hour
in all groups (P > 0.05). The blastocyst diameter increased with about 7.5% in coculture compared to conventional culture (P = 0.002; figure 4.5.5). Also, blastocysts had
18% more cells in co-culture (P = 0.007).
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Figure 4.5.4. S-methionine uptake and incorporation of blastocysts developed in vitro from the
two-cell stage in conventional culture (control) and in co-culture (co-cult) or in vivo in stimulated
(V-stim) and unstimulated (V-unstim) females. Presented are mean ± SEM. Statistics:
a,b: Ρ < 0.05; paired Wilcoxon test.
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Figure 4.5.5. Diameter and cell number of blastocysts developed in vitro from the two-cell stage
in conventional culture (control) and in co-culture. Presented are mean ± SEM. Statistics: * Ρ <
0.01 compared to the control; paired t-test.
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4.6

THE

EFFECTS

OF

CO-CULTURE

AND

ASSISTED

HATCHING ON MOUSE EMBRYO HATCHING

INTRODUCTION
Embryos cultured in vitro from (in vitro) fertilized oocytes have a delay in development
when compared to the in vivo situation In this chapter, the effects of co-culture and
assisted hatching to overcome this delay are presented Therefore, pronucleated ova, twocell and 4-8 cell mouse embryos of Fl hybrid stimulated females (without developmental
block) were randomly divided over four groups an untreated group, co-culture with
human skin fibroblasts, assisted hatching and the combination of co-culture and assisted
hatching The effects of these treatments were studied on blastocyst development and
progress of hatching on day 4 and 5 after the presence of a vaginal plug in the mother
animal

EXPERIMENTS
Study design.
Embryos were obtained from the oviducts of stimulated females at the day of the
observation of the vaginal plug (pronucleated ova), one day later (two-cell embryos) or
two days later (4-8 cell embryos) Pools of embryos of different females were randomly
divided over four groups culture medium alone (HTF + 0 5% BS A, control group), coculture, assisted hatching (partial zona dissection (PZD) technique) and the combination
of assisted hatching and assisted hatching Four and five days after the observation of the
vaginal plug in the mother animal, the blastocyst development and progress of hatching
were evaluated Each group contained at least 50 embryos (see table 4 6 1) and each
experiment was repeated at least 3 times
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Table 4.6.1. The numbers of embryos included in each group.
2 PN

2-cell

4-8 cell

control

70

95

65

co-culture

59

85

50

PZD

70

85

77

PZD and co-culture

70

85

77

Statistics.
Absolute numbers and means are given and the statistical significance of differences was
evaluated with the SAS-package (SAS-institute Ine, Сагу, NC, USA), using Mantel
Haenszels Chi-square to evaluate trends.

RESULTS
In the untreated group (figure 4.6.1 A), the development to blastocysts in vitro at day 4
was comparable for pronucleated ova, two-cell and 4-8 cell stages (P > 0.05). The
progress of hatching, however, was on average delayed 1 day for the pronucleated ova,
compared to the other groups. Only 28% started hatching on day 4 compared to 57% and
62% in the other groups (P < 0.001). On day 5, 60% of the pronucleated ova started
hatching but only 20% was totally hatched compared to 37% and 48% in the other groups
respectively (P < 0.001).
After co-culture with human skin fibroblasts

(figure 4.6. IB), an improvement in

development of pronucleated ova was seen by a greater expansion of the blastocysts
compared with the control, but no acceleration in the hatching rate was observed (P >
0.05). Also, two-cell and 4-8 cell stages had more expanded blastocysts compared to the
controls, but again no differences in the hatching rate were observed (P > 0.05).
On the other hand, PZD (figure 4.6.1С) accelerated the hatching process of blastocysts
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6

developed out of pronucleated ova ( Ρ < IO" ) and overcame the delay in hatching
compared to the two-cell and 4-8 cell stages. However, when PZD was performed at the
two-cell or 4-8 cell stages, blastocysts started their hatching process earlier (P < 0.001;
compare Figure 4.6.1 A and C), but this did not result in more totally hatched blastocysts
on day 5: only 44% and 45% of all micromanipulated embryos were totally hatched,
which was comparable with the controls (P > 0.05).
After PZD of pronucleated ova combined with co-culture (figure 4.6.1D), a remarkable
acceleration in hatching was observed at day 5. This result was significantly different
compared to two-cell and 4-8 cell stages: 75% of the pronucleated stages were totally
hatched compared to 39% and 45% in the other groups, respectively (P < 106). In
contrast, for two-cell and 4-8 cell stages, the percentage of hatched stages at day 5 were
similar under all conditions (P > 0.05).
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A. control

В. co-culture

PerCMttag·

Percentage

C. PZD

D. co-culture and PZD

Percentage

Blaetocyate day 4

Percentage

Hatching day 4

Hatching day 8

Hatched day S

Bìastocyata day 4

Hatching day 4

Hatching day S

Hatched day S

Figure 4.6.1. Blastocyst development and progress of hatching evaluated at days 4 and 5 after the
vaginal plug was observed. Presented are the results of embryos that developed in vitro from the
two-pronucleus stage (black bars), the 2-cell stage (grey bars) and the 4-8 cell stage (white bars)..
All results in percentages. Statistics: * Ρ < 10 E-6 compared to other groups; ** significant trend
(P < 0.001); Mantel Haenszels Chi-square analysis.
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4.7

HUMAN EMBRYO DEVELOPMENT IN CO-CULTURE:
A PILOT STUDY

INTRODUCTION
From several studies, it is known that human embryo quality is enhanced by co-culture
with different cell types (see chapter 2). In some studies, the transfer of these co-cultured
embryos into the uterus resulted in an increased pregnancy rate, compared to
conventionally cultured embryos. In the previous paragraphs of this thesis, a strong effect
of co-culture with human fibroblasts was found on mouse embryo development. In this
paragraph a pilot study is presented to evaluate the effects of human skin fibroblast coculture on human embryo development.

EXPERIMENTAL DESIGN
Oocytes/embryos of 44 patients with normospermia, described in paragraph 4.4, were
used in this study. After fertilization without or with co-culture (see paragraph 4.4), the
oocytes were cultured during two days in fresh wells. Oocytes of patients from the
control group were cultured again in medium alone, while oocytes from patients of the
co-culture group were co-cultured again. Incubation was continued for another two days.
On the morning of day 3 after ovum pick up, embryo quality was scored (see 3.4) and
embryos were selected for embryo transfer (ET) and cryopreservation. The results were
evaluated using the Chi-square, Wilcoxon or non-parametric ANOVA test.
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Table 4.7.1. Relevant data on the clinical IVF study.
Control

Co-culture

Number of patients

23

21

Number of patients with ET

21

20

Patient age (mean ± SD)
Oocytes/patient (mean ± SD)
Fertilization % (mean ± SEM)

34.4 ± 3.6
7.3 ± 4.1

33.1 ± 3.4
10.2 ± 4.8 *>

61.1 ± 4.9

60.8 ± 4.9

3.6 ± 1.2

3.6 ± 1.4

ET-embryo score in previous
IVF treatment (mean ± SD)

Statistics: *) ρ < 0.01 (Wilcoxon test).

RESULTS
There were no significant differences between the control and co-culture group with
respect to fertilization rate, age of the patient and the quality of the transferred embryos
in their previous (regular) IVF attempt. Also, the mean number of transferred embryos
per cycle was not significantly different (see table 4.7.1). A possible bias of this study is
the significant higher oocyte yield in the co-culture group (P < 0.01).
With respect to embryo development, it was found that the mean number of blastomeres
per embryo did not deviate significantly (P > 0.05) between the control and the coculture group (see table 4.7.2). On the other hand, there were indications that the quality
(morphology) of the developing embryo was influenced positively by co-culture. This was
expressed in a significantly (P < 0.001) higher mean quality score of both the transferred
and the spare embryos in the co-culture group and, as a result of this, in a higher number
of patients whose supernumerous embryos could be cryopreserved in this group. Also, the
number of excellent and good quality embryos was significantly (P < 0.0001; Chi-square
test) higher in the co-culture group than in the control group. Comparing this treatment
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Table 4.7.2. The effects of co-culture on embryo quality
Control

Co-culture

Number of ET-embryos (mean ± SD)

28 ±07

26 ± 07

ET-embryo quality (mean ± SD)

32 ± 12

4 2 ± 0 8 *>

Spare embryo quality (mean ± SD)

2 1 + 10

3 2 ± 1 3 *>

Cryopreserved spare embryos

2/39 (5%)

37/69 (54%)

Cases of cryopreservation (patients)

2

8

Cell number of ET-embryos on
day 2 (mean ± SD)

3 1 ± 11

3 1 ± 09

day 3 (mean ± SD)

69 ± 25

72 ± 2 1

Percentage of ET-embryos with
quality score 5

13

46"'

quality score 4

29

4 1 **>

quality score 3

32

и *·>

quality score 2

10

2 **)

quality score 1

16

0")

1 < ET-score < 2

2

0

2 < ET-score < 3

4

1

3 < ET-score < 4

8

6

ET-score > 4

7

13

Number of patients with
mean ET-embryo score

Statistics

92

*) ρ < 0 001 (Wilcoxon test), **) see text

Experiments and Results
with the previous IVF attempt (see table 4.7.1 and 4.7.2), the control group had a lower
embryo quality score while the co-culture group scored better; these differences being not
statistically significant (P > 0.05; non-parametric ANOVA).
The pregnancy rates did not deviate significantly between the two groups (table 4.7.3).
However, it should be emphasized that the pilot study was too small to give a reliable
statement about the value of co-culture with human skin fibroblasts on the pregnancy rate.

Table 4.7.3. The effects of co-culture on the pregnancy rate after IVF.
Control

Co-culture

Icon test positive

6 (28%/ET)

5 (25%/ET)

Gestational sacs at 7 weeks

5 (8%/embryo)

5 (10%/embryo)

Ongoing pregnancies ( > 12 weeks)

5 (24%/ET)

4 (20%/ET)

Implantation sites with heart beat

5 (8%/embryo)

5 (10%/embryo)
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5.1

HUMAN SKIN FIBROBLASTS AS A CO-CULTURE SYSTEM
FOR IVF

The ultimate aim of co-culture in IVF procedures is the improvement of the pregnancy
rate following IVF and embryo transfer. In this thesis, a number of influences of coculture on different levels of the reproductive process in vitro have been investigated. The
main cell type used was a human skin fibroblast, other cell types were used to compare
the effects that were obtained.
The decision of using human skin fibroblasts as a co-culture system for human IVF was
made on several grounds. A co-culture system should be easy to use, cheap, highly
effective, safe and ethically acceptable. The fibroblasts described are of human origin and
can be used very safely, either by using autologous or extensively screened allologous cell
cultures. The fibroblasts are easy to culture and very suitable for IVF, because oocytes,
spermatozoa and embryos can be judged clearly during co-culture. The decision to use a
standard, allologous cell culture and no autologous cultures in the human IVF experiments
was made because (1) in mouse studies, fibroblasts of fetal origin had better results than
fibroblasts of adult origin (see 4.5), (2) the inter-patient variability is lower, (3) the
patient is relieved of a skin biopsy, and (4) the work-load is lower. If the present
allologous system is found to be effective, the use of autologous systems can be
considered.
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5.2

SPERMATOZOA IN CO-CULTURE

INTRODUCTION
As explained in paragraph 2.2, there are three main reasons for a low fertilization rate in
vitro: semen quality, oocyte quality and the limitations of the culture system. Co-culture
can be seen as an improvement of the culture situation because it mimics in some aspects
the natural environment for fertilization and embryo development.

INTERPRETATION OF THE RESULTS
In the paragraphs 4.2 to 4.4 it was studied whether co-culture with different cell types
could support sperm function and fertilization in vitro. It was found that co-culture with
Vero cells and human skin fibroblasts enhanced motility after an incubation of one day.
This effect was clearer when the culture medium contained fetal calf serum (FCS), which
had a highly negative effect on human sperm motility. Co-culture was able to compensate
for this negative effect. Surprisingly, the decrease in motility was not accompanied by a
simultaneous decrease in sperm vitality, as measured with a vital staining technique. This
could mean that the motility of vital spermatozoa was suppressed by FCS. Another
explanation is that sperm cells need to be dead for many hours before it is detectable with
this vital staining technique; the vital stain can only enter dead cells of which the
membranes are permeable.
The positive effect of co-culture systems on sperm motility was found also in Vero cell
conditioned medium, which means that a direct cell contact is not necessary. Vero cell
extract did not have the effects mentioned. This leads to the conclusion that the co-culture
system maintains or stimulates human sperm motility in vitro by secreting or conversing
factor(s) in the culture medium. The active factor(s) are not present inside the Vero cell,
or they are inhibited or overruled by other cellular factors.
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Despite the positive effect of human skin fibroblasts on human sperm motility, co-culture
decreased the capacity of sperm to bind the zona pellucida (see 4.3). This could be
interpreted as a negative result: the lesser sperm bind to the zona pellucida, the lesser
sperm will be available for fertilization. These data conflict, however, with the results of
HOPA. So the combination of these function studies cannot predict the influence of coculture on fertilization. For this reason the influence of co-culture on fertilization was
studied directly, both in IVF couples with normal and abnormal semen analyses, and no
significant effects were found (see 4.4). However, it should be mentioned that the
fertilization ratio in the male subfertile group was lower in co-culture than in the control
(not significant; Ρ = 0.09).

COMPARISONS WITH OTHER STUDIES
In co-culture with human fallopian tube cells, Bongso and collegues (1991) found that
fertilization increased in a small unselected group of patients from 65% to 85%. In their
study, the supporting cells were not used as a monolayer but as cell suspension. The
authors stated that this was necessary because monolayers bind spermatozoa and thus
would reduce fertilization. Using human skin fibroblasts, this statement could not be
confirmed: adhesion was noticed but it did not lead to a lower fertilization rate compared
to the control. Moreover, in the ZBA experiments we observed a reduction of zona
binding under all co-culture circumstances (monolayer and suspension). Even fibroblasts
conditioned medium reduced the binding of spermatozoa in the ZBA, so this negative
effect of co-culture seems to be due to factors (see next paragraph) secreted by the feeder
cells and not to adhesion of spermatozoa to the feeder cells. In order to find out whether
these proposed factors are specific for fibroblasts, the ZBA was performed in co-culture
with bovine oviductal epithelial cells and we found comparable results. The increase of
sperm concentration did not effect zona binding proportionally: a five times increase
should lead mathematically to a 52/3 times increase of sperm-oocyte collisions and/or
binding. This is in accordance with the results measured and leads to the conclusion that
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only a fraction of the spermatozoa is capable of reacting to co-culture.
Based on these findings, it is postulated that the specific and non-specific cell types
secrete factor(s) that inhibit zona binding, but these factor(s) do not effect fertilization and
HOPA results. Therefore, it could be possible that the use of co-culture inhibits zona
binding of spermatozoa that are less competent at fertilization. Also, it can be assumed
from the present results that co-culture extends the fertilization time interval of human
spermatozoa by serving as a sperm reservoir. Tubal sperm reservoirs are described in
cows (Pollard, 1991; Hunter, 1981), mice (Suarez, 1987), pigs (Suarez et al, 1991) and
rabbits (Boice et al, 1990) and serve to increase the fertilization interval of spermatozoa.
In the reservoir, spermatozoa remain vital for a longer period of time by maintenance of
motility and prevention of acrosome reaction or reduction of zona binding capacity.
Recently, some other groups have investigated the effects of co-culture on human sperm
function. It seems that all cell types studies can improve vitality and motility, but that
only oviductal and/or endometrial cells can influence capacitation (hyperactivation and/or
acrosome reaction) (Pearlstone et al, 1993; Guerin et al, 1991; Kervancioglu et al, 1994;
Yeung et al, 1994; Gutierrez et al, 1993). However, the results are not always in
agreement with each other. Fusi and collegues (1994) found positive effects of
endometrial cells on the results of HOPA and acrosome reaction after 18 hours of
incubation. A bias in this study is that fertilization in vitro normally occurs about 4 to 6
hours after insemination. Therefore, if one wants to predict the potentials of co-culture to
improve fertilization in vitro, the results after 18 hours of incubation in co-culture should
be compared to control results after 4 to 6 hours of incubation. In future studies, the
effects of co-culture should be studied after different incubation times, analogous with
control incubations. In another study, Bastías et al (1993) found no significant influences
of co-culture with different oviductal and endometrial cell types on the results of the
HOPA. However, co-culture with granulosa or cumulus cells or incubation in medium
containing follicular fluid resulted in a significant increase of the HOPA penetration index
at different incubation times (Bastías et al, 1993), but not to better fertilization rates
(Plachot et al, 1993). One remarkable difference between the mentioned studies and the
present observations is the influence of co-culture on sperm motility. Bastías et al (1993)
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have used HSA as protein source and found no influences; here, human serum was used
and a significantly higher motility was measured after 18 hours of incubation. These
contradictory results can be explained by the observation of Bastías et al (1993) that
maternal serum has a negative effect on sperm motility after long incubation times. This
negative effect of maternal serum can probably be compensated for, or even converted
into a positive effect, by co-culture.
At the moment, the most likely conclusion is that co-culture with somatic cells serves as
an in vitro sperm reservoir. Similar to animal sperm reservoirs, motility is maintained,
zona binding is decreased and (oocyte penetration and) fertilization are not influenced in
this reservoir. This conclusion motivates further research into the existence and function
of in vivo tubal sperm reservoirs in the human.

MODE OF ACTION OF CO-CULTURE
The factor(s) responsible for the effects of co-culture can be negative and positive
conditioning factor(s) (Bavister, 1992). In the first case, the co-culture system filters or
converses negative influences from the culture medium. Positive conditioning factors,
secreted by the co-culture system, can be of different types. Ouhibi et al (1990) have
found specific changes in the amino acid composition of the culture medium of Vero
cells. Particularly the increase of taurine is interesting is this perspective: taurine
stimulates sperm motility and viability in vitro (Mrsny et al, 1979). The results in this
thesis indicate that (a) high MW factor(s) is responsible for the decrease of zona binding
in co-culture (see 4.3). Whether these factor(s) are responsible for the effects on motility
and a further characterization of the factor(s) could be subject for future research. Support
for (a) high molecular weight factor(s) comes from bovine research, where such (a)
factor(s) improves motility and capacitation (Anderson & Killian, 1994; King et al, 1994;
McNutt et al, 1994) and sperm adhesion (King & Killian, 1994; Grippo et al, 1994). In
vivo, it could be that these factor(s) regulate(s) the low sperm concentration at the site of
fertilization. The importance of these factor(s) for human IVF is questionable because
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human spermatozoa already have a relatively long life span in conventional IVF media.
On the other hand, a lower number of zona bound spermatozoa accompanied with normal
fertilization rates is a more natural situation. This could result in higher pregnancy rates,
analogous to experiments in which oocytes were exposed to spermatozoa for a shorter
period of time (1 hour; Magi et al, 1995). It would be worthwhile to study this in future.
Moreover, if the responsible factor(s) can be isolated this can be achieved using a
chemically defined medium.
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5.3

EMBRYO DEVELOPMENT IN CO-CULTURE

INTRODUCTION
The first experiments with co-culture were done in the 1980s in domestic animal IVF
programs. Research was concentrated on the development of zygotes through the
developmental block. From the beginning of co-culture, the use of fibroblasts was
surrounded with skepticism. Gandolfi and Moor (1987) found that ovine embryos cocultured with fibroblasts had a lower viability after embryo transfer, compared with the
use of oviductal cells. Furthermore, the blastocyst rate in fibroblast co-culture was
relatively low. Low effects were also found by Ouhibi and collegues (1990) who used
mouse embryos and fibroblasts (of undescribed origin). On the other hand, Wiemer and
co-workers (1989a,b) used fetal bovine fibroblasts as a highly effective co-culture system
in human IVF and fibroblasts were effective in pigs (Allan & Wright, 1984) and cows
(Kuzan & Wright, 1982) too. So, the effects of co-culture with fibroblasts are
controversial at the moment and need to be further explored, especially because of the
advantages of this co-culture system (see 5.1) mentioned earlier. In this thesis, the
experiments with human skin fibroblast co-culture concentrate on three topics. In the first
place, the impact of co-culture with fibroblasts on the passage through the two-cell
developmental block in mice was studied. The results obtained with fibroblasts were
compared with the results obtained with MDBK cells, which are known to have a
significant effect (Ouhibi et al, 1990). Secondly, the effects on hatching and assisted
hatching were studied in Fl-hybrid mice without a developmental block. Finally, a pilot
study on human embryo development in co-culture was performed.

102

Discussion
EFFECTS ON THE IN VITRO DEVELOPMENTAL

BLOCK

IN MOUSE

EMBRYOS
Ouhibi and co-workers (1990) studied the effects of different co-culture systems on the
passage through the two-cell developmental block in mice. Besides oviductal cell cultures,
MDBK cells were highly effective in this perspective. In the present study, it was found
that the effects of human skin fibroblasts and MDBK cells were comparable (see 4.5). In
both systems, about 30% of the embryos passed this block and developed into expanded
blastocysts on day 5 of culture (or post vaginal plug).
Surprisingly, it was found that on day 4 the number of morula and young blastocyst
stages was much higher than the number of expanded blastocysts on day 5. Probably, two
developmental blocks are present: a two-cell block and a morula block. All cell types had
an equal effect on the two-cell block, resulting in about 45% morula and young blastocyst
stages on day 4. Interestingly, human skin fibroblasts of fetal origin had a significantly
higher effect on the morula block than the cell cultures of adult skin and in general the
results of these cells were comparable to those with MDBK cells. Therefore, in contrast
with the statements of Gandolfi and Moor (1987) and Ouhibi (1990), it may be concluded
that fibroblasts can be highly effective to overcome the in vitro developmental block.
Using fetal human skin fibroblasts, these effects were studied in more detail.
At first, the viability of mouse blastocysts that passed the two-cell block in co-culture was
measured using the 33S-methionine uptake and incorporation as parameters. Compared to
blastocysts that developed in vivo, it was found that the uptake of methionine was normal,
but the incorporation into proteins was very low in the cultured blastocysts. On the other
hand, the qualitative protein synthesis, as determined by one-dimensional SDS-PAGE was
similar in all blastocysts. Therefore, the embryonic genome seems to be active, but the
translational activity is delayed. Including the results of Muggleton-Harris and collegues
(1982), who found that the block could be overcome by the injection of cytoplasm of
unblocked embryos, the following theory is proposed: During the activation of the
embryonic genome, a mature cytoplasm needs to be available to translate the new
synthesized gene products (RNAs). If the cytoplasm is not mature, this translation will not
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occur and development is arrested. Co-culture contributes to this system, but not with
optimal efficiency. About half of the embryos are able to translate the new mRNAs, but
at a sub-normal level. With a substantial delay of 1-2 days, these embryos can develop to
the morula and/or blastocyst stage, with an unknown viability after embryo transfer. This
could be investigated in the future. Furthermore, the influence of other cell types needs to
be studied in this perspective, making it possible to give a better founded statement about
the specificity of co-culture systems.
In addition to studies concerning the passage through the in vitro developmental block,
attention was paid to the effects of co-culture on the stages beyond this block. Therefore,
late two-cell embryos were cultured in vitro with and without a fibroblast feeder layer.
After three days of culture (four days after vaginal plug), the results of 35S-methionine
incorporation were equal in normal cultured and co-cultured embryos. However, the
uptake of methionine was significantly higher in the co-cultured embryos, as were cell
number and embryonic diameter. Comparing in vitro and in vivo developed mouse
embryos, Jung et al (1987) found that in vitro culture had a negative effect on embryonic
metabolism, cell number and volume. The present results indicate that co-culture
compensates for these negative effects of in vitro culture. However, this conclusion needs
revision if the results of 35S-methionine metabolism of (co-) cultured embryos is compared
with that of in vivo developed embryos. It was found that stimulation with gonadotropins
had a significant negative influence on methionine uptake by the embryos developing in
oviducts. These findings support the observation of lower cell numbers in these embryos
(Elzamar & Vogel, 1989; Vogel & Spielman, 1992). The uptake of 35S-methionine by cocultured embryos (of stimulated females) is comparable to this uptake of embryos that
developed in vivo in unstimulated females. Therefore, co-culture, and not conventional
culture, seems to compensate for the negative influence of gonadotropin hyperstimulation.
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THE EFFECTS OF CO-CULTURE AND ASSISTED HATCHING ON MOUSE
EMBRYO HATCHING
Embryos of an Fl-hybrid mouse strain without two-cell block were cultured from
different stages to day 5 after the observation of a vaginal plug in the mother animal.
While the percentage of embryos that developed to blastocysts on day 4 was above 90%
in all groups, the initiation of hatching on day 4 and totally hatched blastocysts on day 5
were significantly lower when the embryos were recovered from the oviduct at the zygote
stage compared to recovery at later stages (2-cell or 4-8 cell). This means that extended
in vitro culture results in a delayed development of the embryos. This phenomenon can be
explained by a lower degree of blastocoel expansion (or lower cell numbers), a lower
level of lytic enzyme activity and/or a hardening of the zona pellucida after in vitro
culture (see 2.1, 2.2 and 4.5).
Co-culture with human fibroblasts did not overcome the delay of hatching. This could
mean that the embryonic cell number and/or the production of lytic enzymes and/or zona
hardening is not influenced sufficiently by co-culture to initiate hatching at the right time.
In paragraph 4.5, it was found that co-culture resulted in a more physiological cell
number and protein synthesis. So, zona hardening is the most likely reason for the
shortcoming co-culture system. In this case, assisted hatching would improve the results.
In accordance with this expectation, the application of assisted hatching led to equal
(high) hatching rates in all groups, both on day 4 and day 5 of culture, thereby proving
that the delay of hatching after extended embryo culture is (more) dependent of zona
hardening than of cell number and/or metabolism. Moreover, these results indicate that
co-culture cannot prevent zona hardening, so co-culture and assisted hatching are
complementary techniques.
The best rates of hatched embryos were obtained when zygotes were co-cultured after
PZD treatment. These positive effects on zygotes can be ascribed to the size of the
artificial slice in the (hardened) zona pellucida. Compared to later stages, zygotes have a
larger perivitelline space, so a larger slice can be made.
In conclusion, it was found that co-culture and PZD are probably complementary
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techniques to improve embryo quality. Co-culture results in higher cell numbers and a
higher metabolic level, while PZD overcomes the influences of zona hardening. Another,
less well-founded, explanation was given by Khalifa and collegues (1993) who found
similar results and concluded that co-culture compensated for minor damages incurred
during the PZD procedure.
In humans, there are a few studies in which assisted hatching (Liu et al, 1993;
Schoolcraft et al, 1994; Cohen et al, 1994) and assisted hatching in combination with coculture (Tucker et al, 1994; Wiemer et al, 1994) were applied. The first results are
promising, but need confirmation by extended controlled studies in which different coculture systems and assisted hatching techniques (PZD, acid tyrode, laser) are compared.
From the present results, the combination of PZD and fibroblast co-culture can be
justified as one of the alternatives in this way.

HUMAN EMBRYO DEVELOPMENT IN CO-CULTURE
In 4.6 an indication was found that human embryos quality was improved by using human
fibroblast co-culture. An extended study will be necessary to confirm these results. In
contrast with other studies (Wiemer, 1989a,b) the embryonic cell number was equal in
both groups. The improvement of the embryo quality score after co-culture is in
agreement with the results of other human co-culture studies (see table 5.3.1). In some
studies this results in a higher pregnancy rate, but only a fraction of these studies had a
proper study design (Wiemer et al, 1989a,b, 1993; Sakkas et al, 1994). The other studies
were either not controlled and/or the number of patients was to low to draw reliable
conclusions.
A study evaluating the effects of co-culture with human skin fibroblasts is in progress
now and has the following design: To improve the pregnancy rate from about 20% to
about 35% per cycle, it was estimated that 300 IVF patients (each patient one treatment)
should be included in order to obtain a significant difference with enough power. After
giving an informed written consent, the patients are randomized over a co-culture
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Table 5.3.1. A representative selection of literature concerning the effects of different co-culture
systems on human embryo development and pregnancy rates after IVF.

Cell type

effect on

effect on

embryo

pregnancy

quality

rate

References

Human tubal epithelial

+

+

Bovine uterine fibroblast

+

+

Wiemer et al, 1989a,b

Bovine uterine epithelial

+

+

Wiemer et al, 1993

Vero

+

+/-

Vero

+

+

Vero

+

-

MDBK

+

+

2

Mitropoulou et al, 1993

Granulosa

+

-

1,2

Plachot et al, 1993

Granulosa

+

+

1,2

Freeman et al, 1995

Cumulus

+

?

Cumulus

+

+

1,2

Quinn, 1994

Human skin fibroblast

+

-

2

Wetzels, this thesis

1,2

Bongso et al, 1992

2

Ménézo et al, 1990,1992

1,2

Schillaci et al, 1994
Sakkas et al, 1994

Mansour et al, 1994

1) Study not controlled; 2) study with fewer than 100 patients.

and a control group. Within each group, the patients are stratified over four subgroups
(dependent on age and number of previous IVF treatments). The study results are
collected and evaluated independently by the department of medical statistics, with the
medical and laboratory staff being unaware of the study results.
Furthermore, co-culture needs to be studied after extended embryo culture. Huisman et al
(1994) found that ET at day 4 after OPU led to a higher pregnancy rate, probably due to
a more accurate embryo selection (not every embryo develops to later stages). Possibly,
co-culture can further improve these results by optimizing the culture conditions.
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MODE OF ACTION OF CO-CULTURE
A good explanation for the effects of co-culture has not been given yet and therefore has
a speculative character. In general, two approaches can be given, the negative
conditioning effect and the positive conditioning effect (Bavister, 1992).
The negative conditioning effect of co-culture is defined as a compensation for
unfavourable culture conditions. For example, it is likely that the metabolic activity of the
monolayer influences some physico-chemical parameters in its micro environment, like
the concentration of gasses and the pH. In this perspective, it was found that lower 0 2
(Kobayashi et al, 1994) and/or increased C0 2 (10% C0 2 ; Hallden et al, 1992) levels
and/or a stabilization of the pH (Bongso et al, 1993) are possible candidates for
explaining the co-culture effects. Moreover, the metabolism of the monolayer influences
the glucose and lactate concentration (see 4.1). High glucose levels are known to be
detrimental to embryo development in some species (Kobayashi et al, 1994; Schini &
Bavister, 1988a; Nakamura et al, 1993), while lactate is described to be important during
fertilization and early development (Whittingham, 1971). However, with respect to coculture, the glucose/lactate metabolism does not explain the results completely, because
cells with a low glucose metabolism, like BOEC, can have a stronger effect than cells
with a higher glucose metabolism (see 4.1 and Ouhibi et al, 1990). Other factors with a
proven negative effect on embryo development are hypoxanthine (Loutradis et al, 1987;
Downs & Dow, 1991), some metallic ions (Abramczuk et al, 1977) and reactive oxygen
species (Natsuyama et al, 1992; Noda et al, 1991; Payne et al, 1992). During (coculture, many cell types produce glycine and taurine (Ouhibi et al, 1990; Guerin et al,
1995), which have a known effect on the reduction of some toxic metal ions and reactive
oxygen species respectively (Bunim et al, 1960; Guerin et al, 1995) and a positive effect
on embryo development in vitro (Gardner & Lane, 1993; Van Winkle & Dickinson,
1995; Dumoulin et al, 1992; Guerin et al, 1995). In conclusion, following the negative
conditioning theory, the effects of co-culture can also be obtained by an improved quality
of culture media and incubators.
Another possibility to explain the effects of co-culture is the secretion by the feeder layer
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of embryotrophic compounds (positive conditioning hypothesis). Some possible candidates
to explain this positive conditioning effect of co-culture are glutamine, specific proteins
and growth factors. Glutamine is an energy source during early development in some
species (Barbehenn, 1974, 1978; Gardner & Lane, 1994; Rieger et al, 1992b) and is
secreted in small amounts during cell culture (Ouhibi et al, 1990). Specific oviductal
proteins are taken up by oocytes and embryos (Kapur & Johnson, 1986; Gandolfi et al,
1989) but, with the exception of a low molecular weight factor present in oviduct cell
conditioned medium (Minami et al, 1992), an effect on embryo development was not
described. Moreover, it is clear now that the effects of co-culture are not specific for
oviduct cells (Lai et al, 1992; Ouhibi et al, 1990; this thesis) and this makes the influence
of specific oviductal factors less plausible. The most likely positive conditioning factors
are growth factors, however the effects on embryo development are very contradictory
among different species. Some growth factors were found to have a positive influence in
mouse experiments, like epidermal growth factor (EGF; Morita et al, 1994), insulin like
growth factor I (IGF-I; Collins et al, 1994) and transforming growth factor (TGF; Shull
& Doetschman, 1994). Also, cell surface receptors for these factors were found during
early development (Harvey & Kaye, 1991; Dardik et al, 1992; Wiley et al, 1992).
However, in most mouse studies, feeder layer conditioned medium (CM) does not affect
mouse embryo development, which makes the role of (stable) growth factors in the
positive conditioning hypothesis of co-culture less convincing. In cow, however, several
authors have found a positive effect of CM (e.g. Eyestone & First, 1989; Meyers et al,
1994) and others found similar effects of growth factors (e.g. Larson et al, 1992;
Thibodeaux et al, 1993; Yang et al, 1993). The confirmation of these results and the
determination of active growth factors in CM will contribute to further proof for the
positive conditioning theory, at least in bovine embryo co-culture.
All together, the proof for the embryotrophic function of co-culture is very weak at the
moment and probably species dependent. There is a need for careful research in which
different species are included.
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CONCLUSIONS
Until now, many effects of co-culture on embryo development have been described and it
is clear that co-culture is a valuable tool for IVF in many species. In humans, there is a
need for controlled studies to evaluate the exact effects of different cell types.
Furthermore, for safety and scientific reasons it is necessary to understand the mode of
action of co-culture. Therefore, extended studies are necessary to study the effects of
different cell types and their conditioned media (CM) on embryo development of different
species. If these studies lead to the conclusion that co-culture is not cell type specific, the
negative conditioning theory will be preferable or there must be an embryotrophic factor
that is secreted by all types of cells. On the other hand, a positive action of CM excludes
the importance of physical parameters like 0 2 , C0 2 and pH and opens the way for the
investigation of embryotrophic or embryo protective components, making the positive
conditioning theory more appropriate. A next step would be the characterization of the
active compounds and the addition of these compounds to defined media. Finally, it is
very likely that there is an inter-species variability of the co-culture effects: the effects
could be negative or positive conditioning, or both, depending on the species.
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SUMMARY

In chapter 1, the aims of this thesis are presented. Shortly, one of the main problems
related to the success rate of the in vitro fertilization (IVF) procedure is the culture
condition of oocytes, spermatozoa and embryos. Fertilization and embryo development
are supposed to occur suboptimally in conventional culture. In some preliminary studies,
the use of co-culture with somatic cells during IVF has been described to improve embryo
quality, resulting in a higher pregnancy rate after IVF. In this perspective, especially the
effects of tubal cell and Vero cell co-culture were investigated. In this thesis, the
possibility to use of human skin fibroblasts for this purpose is studied. Besides an
evaluation of the effects of these cells on embryo development, it was studied whether coculture influences sperm function and fertilization in vitro.
Chapter 2 reviews some aspects related to the scope of this thesis. The highlights of the
fertilization process and pre-implantation embryo development are described, followed by
an overview of the stages where these processes can go wrong during in vitro fertilization
and embryo culture. Further, the effectiveness of the application of co-culture to
overcome these problems is reviewed.
In Chapter 3, the materials and methods that have been used in this thesis are listed.
After a description of the cell culture techniques, the preparation of and assays on human
spermatozoa are described. Furthermore, the origin and assays on mouse embryos are
given and the clinical IVF protocol as it has been used in this thesis is described in this
chapter.
The experimental design and the results are presented in chapter 4:
In paragraph 4.1, some information about the cells used in this thesis is provided.
Fibroblasts of the human skin are the main cell type used. If neccessary, the results
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obtained with these cells are compared with the effects of other cell types, namely bovine
oviductal epithelial cells (BOEC), Mardin Darby Bovine Kidney (MDBK) cells and Vero
(monkey kidney) cells.
In paragraph 4.2, the effects of co-culture on human sperm motility have been studied. It
has been found that co-culture with fibroblasts and Vero cells results in a better motility
percentage and curvelinear velocity after a 24 hours incubation, as compared to a control
incubation without cells. The effect is independent of a direct contact of the spermatozoa
with the cells, because conditioned culture medium (obtained from the cell culture after
24 hours incubation) has a similar effect. Cell extract however, does not influence
motility positively.
This positive effect of co-culture on spermatozoa has been further evaluated in the zona
binding assay and the hamster oocyte penetration assay, as described in paragraph 4.3. It
has been found that sperm-zona binding is reduced in co-culture while oocyte penetration
is not influenced significantly. With respect to zona binding, similar results have been
obtained using BOEC co-culture, making the observed effect non-specific. Using
fractionated conditioned medium, it appears that the effect is caused by a high molecular
factor.
From the results of 4.2 and 4.3, it is clear that the use of co-culture has some strong
effects on sperm function and this could possibly lead to higher fertilization rates in vitro.

In paragraph 4.4, the effect of co-culture on fertilization in vitro has been studied in a
clinical trial. After informed written consent of the patients, co-culture with safety
screened human skin fibroblast has been applied in both male factor and non-male factor
IVF patients and no significant effects are found. Therefore it is concluded that co-culture
possibly creates an (more physiological) environment resulting in the described effects on
spermatozoa, but it does not have any value for improving the results of fertilization in
vitro.
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In the next paragraphs (4.5 to 4.7), the effects of fibroblast co-culture on mouse and
human embryo development have been studied. In paragraph 4.5, human fibroblasts
have been found to be highly effective on the passage of mouse embryos through the in
vitro developmental block. The percentage embryos that develop of morulae and
blastocysts increases from about 7% in conventional culture to about 50% in co-culture
with fibroblasts. This effect is comparable with the results obtained with MDBK cells,
which have a known strong effect. Especially fibroblasts of fetal origin appear to be very
effective. The blastocysts obtained in co-culture have a normal morphology and produce a
protein pattern (one-dimensional SDS-PAGE) similar to blastocysts obtained in vivo.
However, the level of protein synthesis is significantly lower compared to the in vivo
developed controls. In the second part of paragraph 4.5, it has been found that co-culture
not only effects the passage through the developmental block, but also influences the
development of late two-cell embryos (embryos that passed the critical phase of the
developmental block in vivo) to the blastocysts stage. The blastocysts obtained in coculture are more vital, as expressed by a larger diameter, a higher cell number and a
higher methionine metabolism. In this perspective, there are indications that co-culture
compensates for a negative side effect of ovarian stimulation and/or in vitro culture
conditions.

In paragraph 4.6, mouse embryo hatching has been studied in vitro. The embryos are
cultured from the zygote, two-cell and 4-8 cell stage and it has been found that the
hatching process is delayed by extended in vitro culture. Co-culture solely does not effect
this delay, while assisted hatching (partial zona dissection (PZD)) has a strong
compensating effect. The combination of PZD at the zygote stage and co-culture results in
a significant increase of the number of totally hatched blastocysts on day 5 of culture.
In conclusion, co-culture (and PZD) with human skin fibroblasts has some strong positive
effects on mouse embryo development, thereby justifying a pilot study in human IVF.
This study is presented in paragraph 4.7 and a positive influence of human skin
fibroblast co-culture on human embryo development has been found. Co-culture results in
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a better embryonic morphology, however the embryonic cell number on day 3 after ovum
pick up is not influenced. In this small study (44 patients in total), the pregnancy rate is
not significantly different if co-culture is compared with conventional culture.
In chapter 5, the results are discussed and integrated with results of other investigators. It
is concluded that, although the literature concerning co-culture increases every day, the
benefits for human IVF are still doubtfull. Further, the mode of action of co-culture is not
understood yet. Therefore, in this chapter, a plea is made for extended controlled studies
to the effects of co-culture on the pregnancy rate after IVF. Further, it will be interesting
to evaluate the effects of co-culture in combination with assisted hatching and/or extended
embryo culture (upto day 5 or 6) and to investigate the mode of action of co-culture.
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In hoofdstuk 1 wordt de probleemstelling van dit proefschrift geformuleerd. Er wordt
gesteld dat suboptimale kweekcondities een belangrijke oorzaak kunnen vormen voor het
relatief lage succespercentage van IVF. In het algemeen wordt aangenomen dat vooral de
bevruchting en de eerste ontwikkelingen van het embryo in vitro niet optimaal verlopen
onder conventionele kweekomstandigheden. Uit voorafgaand onderzoek is inmiddels
bekend dat het kweken van bevruchte eicellen samen (co-cultuur) met somatische cellen
(vooral eileider- en Vero- cellen) tot een betere ontwikkeling van jonge embryo's zou
kunnen leiden, hetgeen in verschillende studies zelfs lijkt te leiden tot een hogere kans op
zwangerschap na een IVF behandeling. In dit proefschrift wordt onderzocht of menselijke
huidfibroblasten voor hetzelfde doel gebruikt kunnen worden. Naast een evaluatie van de
effecten van deze cellen op de ontwikkeling van de bevruchte eicel wordt bestudeerd in
hoeverre co-cultuur de zaadcelfunctie en de bevruchting in vitro beïnvloedt.

In Hoofdstuk 2 wordt een literatuur overzicht gegeven gerelateerd aan het onderwerp van
dit proefschrift. De hoofdlijnen van het normale bevruchtingsproces en van de normale
ontwikkeling van het pre-implantatie embryo worden beschreven, gevolgd door een
overzicht van de veranderingen die hierin kunnen optreden gedurende IVF. In het derde
deel wordt aangegeven in hoeverre co-cultuur dit proces zou kunnen normaliseren.
Hoofdstuk 3 bevat alle gegevens omtrent de gebruikte materialen en methodes. Na een
beschrijving van de kweek van de gebruikte celtypes, wordt weergegeven hoe zaadcellen
werden voorbehandeld en hoe de diverse tests werden uitgevoerd. Voorts wordt
beschreven hoe muize embryo's werden verkregen en welke tests hiermee werden
uitgevoerd. Het klinische IVF protocol zoals dat in het kader van dit proefschrift is
uitgevoerd beslaat het laatste deel van dit hoofdstuk.

De experimenten en resultaten worden beschreven in hoofdstuk 4:
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Paragraaf 4.1 geeft een kort overzicht van de gebruikte celtypes en hun eigenschappen.
Hoofdzakelijk worden menselijke huidfibroblasten gebruikt. Het effect van deze cellen op
zaadcellen en embryo's wordt vergeleken met dat van andere celtypes, zoals runder
oviduct epitheel cellen (BOEC), Mardin Darby Bovine Kidney (MDBK) cellen en Vero
cellen.
In paragraaf 4.2 wordt bestudeerd in hoeverre co-cultuur de modi ite it van zaadcellen
beïnvloedt. Zowel fibroblasten als Verocellen blijken na een incubatie van 24 uur een
positieve invloed te hebben op het motiliteitspercentage en de curvilineaire snelheid. Ook
geconditioneerd kweekmedium (dat 24 uur in contact met de cellen heeft gestaan) blijkt
werkzaam te zijn, terwijl celextracten geen effect hebben. Hieruit kan worden
geconcludeerd dat de werkzame stoffen door de cellen in het kweekmedium worden
gebracht.
Het effect van co-cultuur op de zaadcellen wordt verder onderzocht met de zonapellucida-bindings-test en de hamster eicel test (paragraaf 4.3). Het aantal zaadcellen dat
aan de zona pellucida bindt blijkt gereduceerd te worden door co-cultuur, de penetratie
van hamstereicellen wordt echter niet significant beïnvloed. Het effect wordt niet specifiek
door fibroblasten veroorzaakt: co-cultuur met BOEC leidt tot vergelijkbare resultaten met
betrekking tot zona binding. Uit experimenten met gefractioneerd geconditioneerd
medium, blijkt dat het effect wordt veroorzaakt door een hoog moleculaire factor.
De resultaten beschreven in 4.2 en 4.3 maken duidelijk dat co-cultuur de zaadcelfunctie
sterk

beïnvloedt,

hetgeen

zou

kunnen

leiden

tot

een

verbetering

van

de

bevruchtingskansen in vitro.

In paragraaf 4.4 wordt beschreven in hoeverre co-cultuur met huidfibroblasten de
bevruchting in vitro beïnvloedt. Na een "informed written consent" van de patiënten,
wordt de invloed van co-cultuur bestudeerd bij IVF patiënten met normaal en afwijkend
sperma. In beide gevallen leidt co-cultuur niet tot significante veranderingen in het
bevruchtingsresultaat. Geconcludeerd wordt dat co-cultuur wellicht leidt tot een (meer
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fysiologisch) milieu voor de zaadcellen, met de beschreven effecten, maar dat dit niet
leidt tot een verbetering van de bevruchtingskans in vitro.
In de volgende paragrafen (4.5 tot 4.7) worden de effecten van fibroblasten op embryo's
bestudeerd. In paragraaf 4.5 wordt aangetoond dat de passage van muize embryo's door
de in vitro twee-cel

blokkade positief

wordt beïnvloed

door co-cultuur

met

huidfibroblasten. Het percentage morula's en blastocysten neemt toe van circa 7% in
conventionele kweek tot circa 50% in co-cultuur. Dit effect is vergelijkbaar met dat van
MDBK cellen, waarvan al eerder een sterk effect werd beschreven. Voorts blijkt dat
fibroblasten van foetale oorsprong effectiever zijn dan fibroblasten van adulte oorsprong.
De in co-cultuur verkregen blastocysten hebben een normale morfologie en produceren
eenzelfde

eiwitpatroon

(een-dimensionale

SDS-PAGE)

als

in

vivo ontwikkelde

blastocysten (controle). In kwantitatief opzicht is de eiwitsynthese echter significant lager
dan de controle. In paragraaf 4.5 wordt tevens bestudeerd wat de effecten van co-cultuur
zijn op de stadia na de twee-cel blokkade. Hiertoe werden embryo's na de kritische fase
van de twee-cel blokkade uit de oviducten gespoeld en in vitro doorgekweekt, met of
zonder huidfibroblasten. De uit co-cultuur verkregen blastocysten blijken een significant
grotere diameter, celaantal en methionine metabolisme te hebben. Na vergelijking met de
situatie in vivo, wordt geconcludeerd dat co-cultuur mogelijk negatieve bij-effecten van de
kweektechniek en van de ovariële stimulatie compenseert.

In paragraaf 4.6 wordt het effect van co-cultuur en assisted hatching (PZD techniek)
bestudeerd op muis embryo hatching. Muize embryo's werden gekweekt vanuit het
zygote, 2-cel of 4-8 cel stadium. In de conventionele kweek blijkt het hatchingsproces
later te beginnen naarmate de embryo's vanuit een vroeger stadium worden gekweekt.
Co-cultuur heeft hierop geen invloed, terwijl PZD het negatieve effect van langer kweken
volledig compenseert. De beste resultaten worden echter verkregen indien PZD in het
zygote stadium wordt gecombineerd met co-cultuur.

Uit de resultaten van paragraaf 4.5 en 4.6 kan geconcludeerd worden dat co-cultuur met
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Fibroblasten de ontwikkeling van het pre-implantatie embryo van de muis sterk positief
beïnvloedt. In paragraaf 4.7 wordt een pilot study in de klinische IVF gepresenteerd. Cocultuur leidt tot een betere embryo kwaliteit, doch heeft geen effect op het aantal cellen
per embryo op dag 3 van de kweek. Een uitspraak omtrent de zwangerschapskans na cocultuur kan op basis van deze pilot study niet worden gedaan gezien het kleine aantal
uitgevoerde behandelingen.
In Hoofdstuk 5 worden de resultaten besproken in het licht van de resultaten van andere
onderzoekers. Geconcludeerd kan worden dat er inmiddels veel literatuur is omtrent cocultuur, maar dat de voordelen voor klinische IVF nog steeds niet duidelijk zijn. Voorts is
er weinig bekend over het werkingsmechanisme van co-cultuur. In dit hoofdstuk wordt
daarom gepleit voor het uitvoeren van grote gecontroleerde studies naar de effecten van
co-cultuur op de zwangerschapskans in humane IVF. Hierbij verdienen tevens de
combinaties van co-cultuur met PZD en co-cultuur met verlengde kweekduur (tot 5 of 6
dagen) aandacht. Ook onderzoek naar het werkingsmechanisme van co-cultuur kan
bijdragen aan de acceptatie dan wel de verwerping van deze procedure.
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STELLINGEN
behorende bij het proefschrift
"Fertilization and embryo development in in vitro co-culture
- basic and clinical aspects -"

I
De uitspraak dat co-cultuur met fibroblasten geen effect heeft op de ontwikkeling van preimplantatie embryo's (Gandolfi & Moor, 1987; Ouhibi et al, 1990) is onjuist.
(dit proefschrift)
II
De negatieve effecten die in vitro cultuur en ovariële stimulatie hebben op de
ontwikkeling van pre-implantatie embryo's kunnen gecompenseerd worden door het
toepassen van co-cultuur.
(dit proefschrift)
III
De combinatie van co-cultuur en assisted hatching heeft een sterker positief effect op de
ontwikkeling van pre-implantatie embryo's in vitro dan elk van deze technieken
afzonderlijk.
(dit proefschrift)
IV
Het effect in vitro van somatische cellen op humane zaadcellen onderbouwt de theorie van
een tubair zaadcel-reservoir bij de mens.
(dit proefschrift)
V
Het terugplaatsen van IVF embryo's in een natuurlijke menstruele cyclus verdient de
voorkeur boven een terugplaatsing in een cyclus waarin ovulatieinductie heeft
plaatsgevonden.
VI
Het beoordelen van de embryokwaliteit en van de receptiviteit van het endometrium
middels respectievelijk beeldanalyse en kleuren-Doppler echografie zal zowel de
fertiliteitsdiagnostiek als het resultaat van in vitro fertilisatie verbeteren.
VII
In vitro fertilisatie levert een wezenlijke bijdrage aan de fertiliteitsdiagnostiek en verdient
daarom een plaats in het "oriënterend fertiliteitsonderzoek".

Vili
Het imago van IVF: onbekend maakt onbemind.
IX
Slechts energie uit kernfusie kan het huidige geologische tijdperk prolongeren.
X
De afname van eerste en tweede geldstromen en de toename van sponsoring door derden
zijn de nekslag voor basaal wetenschappelijk onderzoek en voor de onafhankelijke
wetenschappelijke status van universitaire instituten.
XI
Het belastingvoordeel dat obligatiegroeifondsen opleveren wordt teniet gedaan door de
exploitatiekosten van dergelijke fondsen. Het zelfstandig beleggen in rentende waarden is
daardoor veiliger, flexibeler en vaak lucratiever.
XII
In het kader van de toenemende menging van culturen en de eenwording van Europa dient
er een ministerie van co-cultuur te komen.

Nijmegen, 21 december 1995
Alex Wetzeis

