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f. i)

EXAMINER: Dr. Leeanda Wilton

SPECIFIC COMMENTS:

Repeatlines: the bottom of pages iii, iv, viii, 50, 168,243.
Appropriate corrections have been made.

SpeLLíng.Errors or too ryuna words:
page L79, line 3 summrised, should be
summarised.
page 2Ol, line tl iflushingî, should be "flnshing".
page 2I4, 4t}r line from the bottom, delete "irì a".

ii)

2. Chapter 3 describes the expresston oÍ mCG and nGAPDH ín
fftnÍffDset embryos and hssues. On page 112 it is concluded that there
is expressian oJ mCG-abut not mCG-b or nGAPDH Jrom the  -ceLL stage.
Although it is qualified tFcat there u)as a Lou; recouery oÍ RIVA, tlæ other
possíbiLttg is that the embryo LUas dead. Flushing maÍmoset embrgos at
day 13-14 post Estntmate shouLd gield embryos that are at Least B-ceLL.

It is unliketg that a 4-ceLL embryo tuould be uiabLe although it møg haue
intact, relatíueLg healthg Lookíng cells. What ts the haLJ-Llfe oJ tlrc mCG
R/VA in t]æse cells? I tuouLd also Like to see the source oJ the oocgtes
documented. Were t\rcse Jreshtg colLected Jrom ouartes or JLushed Jrom
ttrc oui-ducts/uterus? In mA experience, ffarmoset oocgtes retain a
normal øppearance Jor seueral dags in uiuo or in uttro. The utabiLity of
the oocgtes needs to be considered beJore concLuding that there was no
mCG expresston.

The lack of detection of mCG-p or mGAPDH mRNA at the 4-cell
stage may be due to the small amount of RNA recovered from the
cells. Pooling of a number of 4-cell embryos may be required to obtain
a more accurate indication of gene expression. Although the embryo
was recovered by Associate Professor Alex Lopata at day I / lO after
estrumate treatment and examined immediately to confirm viable
appe¿rance, an alternative may be that the 4-cell embryo was not
viable. Obviously more embryos at these stages would be important. to
further investigate lle expression of mCG-o, -Ê and mGAPDH. The
half-life of mCG RNA in embryonic cells is yet to be determined. The
marmoset oocytes were freshly recovered directly from the ovaries
(Gilchrist et aL Biot. Reprod.. 52: 1234-1243, 1995) and while the only
assessment of viability was of a visual nature under light microscopy,
it can not be discounted that they were not viable, giving rise to a
negative result for mCG.
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3. page 774. "In the mouse, culttred l-celt embryos faiL to progress
begond the 2-ceLL stage,..." Thús ¿s not alwags the ca-se and occurs ún
certain sfrains.

page I14, line L6 please change the oboue phrase to: In some
strains of mice, cultured l-cell embryos fail to progress beyond the 2-
cell stage,.....

4. page 168. The suggestion that mCG could be used as a predictor
oJ utabilitg ¿s specuLatiue. Could the Louser secretion Jrom tlrc Late
moruLa-earLg blastocust simplg reJlect ceLL number? IJ ít usere possibLe to
calcuLate ceLI number, tuhat u;ouLd the results Look Líke ij CG expresston
llucls expressed per ceLL?

As stated on page 168, sentence 3: The differences in mCG
levels secreted by individual embryos in culture may be an indicator
of viability. This is only speculative and the results may simply reflect
a smaller number of cells at this stage of development. If it were
possible to calculate cell number, it would be useful to determine the
amount of CG expressed per cell.

5. page 168. I tuouLd Líke to see more dúscussion oJ the idea that
femøLe embryos haue a" reduced capacítg to differenttate
cgtotrophoblast, parttcuLarlA as there is no peer reuietued reþrence
prouíded. It seems a remarkable suggest¿on to me and the ramif,icattons
to embryonic deuelopment oJ Jemøle and male embryos could be
drsc¿æsed.. OJ course, itis weIL documented thøt paternal aLLeLes oJ some
imprinted genes are preJerentiallg expressed tn the extra-embryonic
fissues but this is independent oJ genden

page 169, first paragraph: This data was presented to me whilst
I was in Melbourne learning about trophoblastic vesicle culture
(March 1997). However, more investigation into this finding needs to
be performed. It has not been published as yet, so at the end of the
paragraph: "(personal communication, Alex Lopata, f997)" should be
included. This unpublished data was provided to explain why some
embryos might not have formed trophoblastic vesicles in culture.
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9. page 194. It appears to me that none oÍ the controL embrgos
Jormed trophobLastíc outgrorlths. IJ not, was there a problem utth tlæ
cuLtttre sgstem?

All the control embryos attached to t]'e plastÍc. If they had been
allowed to continue culturing to form trophoblastic vesicles (as
described ¿n Sechon 2.s.1), the trophoblastic outgrowths would have
been visible, however as they were sacrificed just after attachment the
outgrowths are not visible. The. -fact that these control embryos
behaved exactly as they did (i.e. forming primary vesicles) sugç¡ests
that there is not a problem with the culture system.

lo. Agatn, I thtnk that the suggestion that the mcG-p expression r.s

índicatiue oJ embryo uiabíLíty is speculatiue artd the text sltoutd indícctte
thús. rús absence Jrom degenerate embryos ¿s not surprísing. An
indicator oJ utabiLity should predict the potentíaL oJ apparentlg normc¿l
embryos, not ones tha:t are retarded or degenerate. Thrs has not been
estabLislrcd.

As stated above: on page 168, sentence 3: "The differences
in mcG levels secreted by individual embryos in culture may be an
indicator of viabilit5r" and again on page 2og, line rs: "Hence,
suggesting that CG-B may be an indicator of viability of the embryo".
The idea that mCG-p is an indicator of viability is only speculative and
the results may simply reflect a smaller number.
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EXAMI NER : Associate Professor A. M. Dharmaraj an

SPECIFIC COMMENTS:

I Repeated Línes: page iii. Appropriate correction has been
made.

2. Drscuss¿on oJ alternate splicing oÍ the LIl/CG receptor.

The LH/CG receptor gene consists of I I exons, separated by 10
introns (Tsai-Morris et al. J BiaI Chem 266 11355-11359, r99f). These t0
introns are all located within the putative extracellular domain, prior
to the first transmembrane region. Exon 1l encodes the
transmembrane domains, the connecting loops, cytoplasmic tail, the
3' fianking region and a 47-residue segment of the extracellular
domain adjacent to the plasma membrane. Tfuncated forms of the
receptor result from splicing at various alternative acceptor splice
sites in exon t I with or wittrout the elimination of exon 9. This has
been identified in pi$ (toosfelt et aI. Science 245: 525-528, tgeg) and rat
testes (Tsai-Morris et al. J BioL Clrcm 265: 19385-19388, l99O; Tsai-Morris el al.
l99l) and in human ovarian libraries (Bernard etal. MoLCeIIEndocrirolTt:
R19-R23, 1990; Mtnegishi et al. Biochem Biophgs Res Commun 172: 1049-1054,
r99O). The 3'non-coding region contains 2 functional polyadenylation
domains, which are responsible for the formation of 2 major sets of
mRNAs, including the alternatively spliced variants, thus leading to
the diversity of the LH/CG receptor mRNA transcripts.

3. EPF in rabbit ser:.rrrL

Studies by Sueoka et al. (J Reprod. Fertil 84: 925-33r, l9tìB) have
found that the rabbit also produces EPF. Similar to the other species
mentioned on page 25, B¡to phases of EPF production was observed
during pregnancy. Rabbit ovaries were perfused in this study,
however, EPF production did not occur when the oviduct and embryos
were not present. Thus, it suggests, as in the other species, that the
embryo acts as a stimulus to produce EPF from some other source.
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4. Marmoset embryo culhjJe. Embryos u)ere culfitred Jor seueral

dags. were theg exatníned.Jor uínbilttg? When embryos are cu\tured in

seÃtm-Jree medíumtheg undergo sporttaneous apoptosis. It ts importctttt

to møXe sure tlLat these embryos are not dging either bg necrosis

and/or apoptosis. There are seueral techniques one could use to test

tltese euents. I uouLd. recoîtrTend some d.úscussion on thús ússue.

Marmoset embryos were examined each d^y for viability' If
embryonic viability was not clear.,'Dr. Lou Warnes, an embryologist,

examined the embryo. Dr. L,ou Warnes also verified the stage at which

the embryos were collected.
only 3 embryos were cultured in serum-free medium, from the

time of coilection, however, they did not develop further than the stage

at what they were collected (as described- in Sectipn 6.5.2'li' All the other

embryos were cultured in medium with serum, overnight to recoveç;

before the medium was aspirated, collected and replaced with medium

with cytokine (LIF or GM-ÓSF) or medium with serum (control).
-The 

medium with serum, contained fetal calf serLlm, insulin arìd

transferrin, as well as L-glutamine, penicillin and streptomycin' The

medium with cytokine did not contain sertlm, because serum contains

many factors including growth factors; nor did it contain insulin and

transferrin. These factórã have been demonstrated to affect embryonic

development previously (Lopata and Oliva, Hum ReprodS:932-8, 1993)'

Tech /or necrosis are usuallY

performed be further cultured. It
would be d into the surrounding
medium to indicate that either apoptosis or necrosis is occurring.

however, such a substance has not bee.t identified to my knowledge,

as yet. Annexin V antibody stainin$ analyses the externalisation of

phosphatidylserine on the membrane, but this staining is usually in
comLrination with propidium iodide, which is toxic to cells' A study
just looking at thè occulTence of apoptosis and/or necrosis in the

blastomeres of embryos would be of value, however a large number of

embryos would be required.

5. CuLüre of Marmoset TrophobLastic vestcLes and Embryos toith

Cgtokines.

The importance of investigating the effect of various cytokines

and growth fàctors in CG exprðssion and secretion from embryonic

material will enable us to better understand the factors regulating CG

expression and secretion. This information may be used to develop

seirrm-free fully defined medium for the n uitt'o culture of human

embryos prior to transfer, thus potentially benefiting in uitro

fertilis ation technologY.
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Summarv

chorionic gonadotrophin (cG) is one 'of the first factors

produced by the embryo to signal its presence to the mother and

thus prevent atrophy of the corpus luteum, thereby ensuring the

continued production of progesterone to favour embryonic

development. cG, a primate specific grycoprotein hormone, is

produced by the trophoblast and is first detected in the human

peripheral blood between Days 8-r I after ovulation. However, ¿n

uitro studies have shown that CG is secreted by the embryo before

it can be detected in the peripheral blood.

cytokines and growth factors are a group of proteins and

polypeptides, released from the cell, with a variety of functions,

including intracellular communication and alteration and

re$ulation of cell growth and differentiation. Various cytokines and

growth factors are involved in the ovulatory process, in the

immune response between mother and embryo, as well as in the

implantation process. A variety of cytokines have been shown to

modify cG expression in human tumour cell lines, modify

differentiation of the embryonic cells and to be involved in

communication between the mother and the embryo. various

cytokine ligands and receptors for these factors have been found to

be expressed by the embryo.

The characterisation of the role of cytokines and growth

factors has been conducted predominantly on rodents, with few

results attained using primate tissues or embryos. Hence, to

111



determine the involvement of these factors in the regulation of CG

expression, we have used the Common ,Marmoset (CalLithrix

jacchus) as a model primate.

The purpose of this project was to examine the cellula¡ and

molecular processes involved in expression of embryonic signals

and the initial interactions that occur between the embryo and the

maternal endometrium of the primate. This knowledge will assist

in developing culture conditions for improved viability of human

IVF embryos, as well as enhancing our understanding of primate

reproductive physiology.

Expression of marmoset CG genes (alpha and beta subunits)

was confirmed in pre-implantation marmoset embryos from the

eight-cell stage through to the hatching blastocyst stage of

development. A method for quantitating marmoset CG-p nRNA

expression in marmoset tissue, using competitive reverse

transcriptase polymerase chain reaction (RT-PCR) was also

developed. Marmoset glyceraldehyde-phosphate-dehydrogenase

(mGAPDH) was cloned and partially sequenced to use as an

endogenous internal standard to compare tissue types and to

confirm the success of the reverse transcription reaction.

An enzyme-linked immunosorbent assay (ELISA) was

developed, using ¿rn inhouse polyclonal antibody raised to

recombinant mCG and purified in our laboratory, to measure the

amount of mCG present in plasma of cycling and pregnant

1V



mannoset monkeys and the amount of mCG secreted by marmoset

trophoblastic vesicles and embryos.

In uitro culture of marmoset trophoblastic vesicles was used

to study the influence of two cytokines, LIF & GM-CSF, known to

be present in the uterine milieu at peri-implantation. LIF is known

to regulate differentiation of cytotrophoblasts to anchoring

trophoblasts and thus presumably decrease CG expression, whereas

GM-CSF is known to enhance CG expression. This culture system

was then applied to whole marmoset embryos, in an attempt to

gain an insight into primate pre-implantation embryo development

and the role these two factors play at implantation. Prêliminary

results suggest that both cytokines promote blastocyst hatching

and attachment. However, more embryos are needed to further

quantitate mCG-p expression using the competitive PCR assay and

to fully understand the full impact of these two factors at

implantation.
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l. I Introduction ftIt

Chorionic gonadotrophin (CG) is secreted by the, primate

embryo as the first known signal to prevent the demise of the

corpus luteum (CL). The maintenance of the CL results in the

continued production of progesterone, thereby, maintaining the

pregnancy. Many other factors are known to be secreted by the

embryo and the maternal endometrium that affect the

development of the embryo and its subsequent implantation into

the endometrium. Similar factors are also known to influence the

expression of CG in human tumour cell lines and cultured placental

tissue. There is limited knowledge, however, of the endogenous

factors which regulate CG expression in the early primate embryo.

It is the intention of this thesis to investigate the effect of

cytokines on chorionic gonadotrophin expression and secretion,

using the marmoset monkey as an animal model. Four areas of

research will be discussed in this introductory chapter. Firstly, the

dynamics of early embryonic development and the process of

implantation; secondly, the different signalling mechanisms used

by mammals for maternal recognition of pregnancy. Thirdly, a brief

review of cytokines and growth factors known to be involved in

embryo-maternal interactions and finally, the factors involved in

culturing embryos tn uítro.

IReview of the Literature



1.2 Early E Development

L.z.L îortnation of th,e zggote

Embryonic development, or embryogenesis, begins at

fertilisation. In marnmals, fertilisation takes place in the ampulla,

the longest and widest part, of the oviduct of the female. The

mammalian spermatozoan penetrates the zor:a pellucida and enters

the perivitelline space. Sperm entry triggers the rotation of the

metaphase spindle in most species, except humans and sheep and

completion of the second meiotic division.

The maternal pronucleus is formed following the completion

of the second meiotic division. The sperm head decondenses and

the paternal pronucleus also forms. The newly fertilised diploid egg

is now called a zygote: DNA replication occurs, the pronuclear

membranes break down, the first mitotic division begins and

cleavage to a two-cell embryo occurs. The first mitotic or cleavage

division is regulated by information inherited from the maternal

cytoplasm. As the conceptus begins to express its own genes, the

importance of this maternally inherited information decreases and

the process of early embryogenesis becomes dependent on the

embryonic genome.

2Review of the Literature



L.2.2 E;m,bryonic cleauage

1.2,2.1 Cleavage in the oviduct:

The embryo remains in the oviduct for a few days after

fertilisation. Cilia of the oviductal epithelial cells gradually sweep

the embryo towards the uterus, and cleavage continues whilst in

the oviduct. Gl phase, the resting phase characteristic in adult

cells, is absent in early blastomeres, tF.rrt is there is no pause

between mitosis and DNA replication (or S phase). Thus, in cleavage

embryos, DNA replication, mitosis and cytokinesis are continuous

(Mclaren I982).

The total size of the embryo does not change during early

development, but the number of cells or blastomeres increases,

resulting in the daughter cells being half the size of the parent

cells at each division.

L.2.2.2 Monrla:

Approximately three days after fertilisation, the sixteen-cell

stage embryo, or morula, enters the uterus and compaction occurs.

The blastomeres flatten against each other, maximising

intercellular contact. Gap and tight junctions are formed between

the wedge-shaped blastomeres and the cellular organelles become

polarised. Microvilli disappear from the lateral and basal cell

membranes but remain on the apical surface of each blastomere

adjacent to the perivitelline space (Johnson and Everitt 1988; Mcla¡en

1982).
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Changes also occur in the composition of the internal

constituents, or biochemistry of the blastomenes (Ducibella 1977) and

a marked increase in the synthetic capacity of the blastomeres

takes place. Changes occur in the synthetic patterns of

phospholipids and cholesterol, the net synthesis of protein and

RNA increases and the transport of nucleotides and amino acids

into the cells rises. At this stage, the morula only measures 70-100

pm in diameter and contains between 20 and 1,000 fmols of free

amino acids, 23 ng of protein and only 0.5 ng of RNA (Johnson l98l).

There is substantial evidence to suggest that the

developmental fate of early mouse blastomeres is related to their

position in the morula (discussed in Section 1.2.3). Johnson and

Ziomek (1981) found that a relationship exists between the

blastomeres, resulting in the differentiation of the inner cell mass

(ICM) and the trophectoderm of the eight-cell mouse morula.

At compaction, prior to division, most of the organelles of

the blastomeres of the late eight-cell morula are polarised: thus

cleavage to sixteen cells, results in some cells being central and

others not. The peripheral, polarised cells give rise to the

trophectoderm and the central, unpolarised cells to the inner cell

mass, or embryoblast, of the blastocyst. Thus, it has been

suggested that the process of differential inheritance of organelles

leads to the differentiation of the trophectoderm and ICM (Handyside

and Johnson 1978; Johnson etal. l98l; Johnson and Ziomek 1981).
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L.2.2.3 Blastocyst:

Cleavage of the sixteen-cell embryo yields a thirty-two-cell

stage, in which fluid is secreted internally to form a small

blastocoele (cavity). Due to the tight junctions between adjacent

blastomeres, fluid accumulation is possible (the process of

cavitation). The embryo is now termed a blastocyst.

Division to sixty-four cells results in an enlarged blastocoele,

\Mith the blastocyst consisting of two distinctive cell types: the

trophectoderm cells surrounding the blastocoele cavity and the

ICM. The ICM, within the blastocoele, lies against part of the

trophectoderm. The trophectoderm will give rise to the trophoblast

and results in the formation of the placenta and fetal membranes,

whereas the ICM differentiates to form all the fetal tissues and

organ systems (Johnson and Everitt 1988).

L.2.2.4 Hatching:

"Flatching" occurs approximately two days after the

formation of the blastocyst and is characterised by the extrusion of

the blastocyst from the surrounding zona pellucida. There are at

least two schools of thought on the process of hatching: l) the

blastocyst pulsates and v/ears a hole in the zor:'a pellucida and 2)

enzymes, which are probably maternally derived, attack the zona,

causing it to degenerate. Hatching from tlre zona pellucida allows

the blastocyst to expand rapidly. Nutrients are derived from the

secretions of the uterine glands (Moore and Persaud 1993).
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1.2.3 E;mbryonic Genomc Actiuø,tion

During cleavage in the oviduct, there is a 'switch' between

the maternal and embryonic genomes, dependent on the species.

In the mouse, the most actively studied species, the 'switch'

occurs during the 2-cell stage. At this time, associated with the

maternal-embryonic genome switch, is the so-called 2-cell block,

which occurs when embryos are cultured ún uttro in simple medium

(Goddard and Pratt lg83; Muggleton-Harris et aI. 1982; Pratt 1987; Pratt and

Muggleton-Harris 1988; Schultz 1986; Telford et aL I99O). The block can be

circumvented by improved culture media (Chatot etal. 1989), however,

the block does occur when there is a transition from maternal to

embryonic control and obviously murine embryos are very

sensitiye to culture conditions at this time.

In domestic species: cow, sheep and pig, the transition from

maternal to embryonic control varies: between the 4-8-cell stage in

the pig and between the 8-16-cell stage in the cow and sheep.

Developmental blocks in uítro also occur in these domestic animals

(for a review see Telford etat.l99O).

Studies with human embryos suggest that activation of the

embryonic genome occurs at the four to eight-cell stage (Braude et at.

1988). Autoradiographic studies using [3H]uridine incorporation,

have demonstrated pre-mRNA synthesis in 4-ce11 embryos and

rRNA synthesis at the 6-8-cell stage (Tesarík et al. 1986; Tesarík et aL

1987: Tesarík et aI. 1986b). Human embryos cultured in uttro arrest at

the 4-8-cell stage (Braude et aI. 1988) and these embryos have an

increased sensitivity to culture conditions at this stage.
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Recent research has shown the presence of de nouo

transcripts for the paternal allele of the myotonin protein kinase

(MPK) gene in human l-cell embryos (Daniels er at l99b), which is a

predominantly muscle-specific protein kinase (salvatori et otl. 1994;

Whfting et at. t995). The transcripts of ZFY (a region essential for

spermatogenesis; Koopman etat. I99t) and SRY (gene that encodes the

Y-linked testis-determining factor; Clépet et at 1993), both Y-linked

and therefore sperm-derived genes have also been detected in

human l-cell zygotes by RT-PCR (Ao etat. 1994; Fiddler etal. 1995).

Daniels and collegues (1997) also using RT-PCR, developed an

assay to detect two house-keeping genes: HPRT and APRT and two

tissue-specific genes: a-globin and B-globin in single red blood cells

and fibroblasts and subsequently in human oocytes and embryos.

The two house-keeping genes and o-globin were expressed

constitutively and from the l-cell stage, respectively, whilst P-

globin was only rarely expressed (in I out of 1l embryos). The

difference in expression between cr- and p-globin may be explained

by the fact that o-globin contains a CpG-island. Active genes ¿rre

characterised by under-methylation (Cross and Bird 1995) and

paternally-inherited genes that contain CpG-islands may become

active, following fertilisation, due to their hypomethylated state

(Daniels et al. 1997).

All cells in the morula stage of development express the Na+-

K+ adenosine triphosphatase (ATPase) and the cell adhesion

molecule E-cadherin. These two molecules, however, become
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redistributed to the basolateral plasma membrane of the mural

trophoectoderm (cross et ol. L994). Wiley et al. (1990) suggest that the

Na+-K+ ATPase establishes a transcellular Na+ gradÍent which

drives the process of cavitation, however, other transport

mechanisms may also be used (van Winkle and Campione t99I).

Arceci and associates (r992a) have found that the receptor for

Colony Stimulating Factor I (CSF-I), encoded for by the c-Jms gene

is first detected in cleavage stage mouse embryos. After the

blastocyst stage, c-Jms expression becomes restricted to the

trophoblast cells, in which a cell-specific promoter drives its

expression.

The activity of promoters for Interferon-tau (IFN-r: cross er at.

1994) and Chorionic Gonadotrophin-a (CG-cr: Liu et aI. 1994), are

repressed by the ectopic expression of Oct-4 in trophoblasts. Oct-4

is a POU domain-containing transcription factor which is expressed

during cleavage by all cells of the embryo. Oct-4 expression is

down-regulated by cells which differentiate (Palmieri et at. 1994), thus

Oct-4 is presumed to transactivate the expression of genes which

are critical for maintaining the undifferentiated state. Oct-S,

another POU domain-containing transcription factor, is also

expressed in totipotent and pluripotent stem cells of the pre-

gastrulation embryo (Rosner et aI. l99O). This gene maintains

totipotency in blastomeres and is inactivated as cellular

differentiation begins.
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L.2.4 Implantø;tion

Attachment of the blastocyst to the endometrial epithelium

occurs between 4.5 and 6 days after fertilisation in rodents and

primates. An elaborate interaction occurs between the uterine

epithelium and the conceptus at this time. Firstly, the conceptus

establishes physical and nutritional contact with the maternal

endometrium at the site of implantation and secondly, the

conceptus emits signals that act upon the maternal pituitary-

ovarian axis. Failure of these contacts or signals results in luteal

regression, as well as, deprivation of essential nutrients and arrest

of growth of the conceptus, leading to loss of the conceptus (cross et

aL 1994; Johnson and Everitt f 988).

The blastocyst attaches adjacent to the ICM, the area that

represents the embryonic pole. The trophoblast starts to rapidly

proliferate, displacing endometrial cells and then differentiates

into two layers: 1) the inner cytotrophoblast and 2) the outer

syncytio-trophoblast. The cytotrophoblast is a layer of

mononucleated cells that are mitotically active. As this layer

proliferates, the cells migrate into the syncytiotrophoblast, a mass

of multinucleated cells in which no cell boundaries are discernible.

The syncytiotrophoblast gradually erodes or transforms the

maternal endometrial stroma (process of decidualisation), allowing

the blastocyst to slowly embed itself into the endometrium. Around

the implantation site, the maternal stroma, or decidual cells,

become laden w'ith glycogen and lipids. Upon degeneration, these

cells provide the implanting embryo with nutrients. Other events
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occurring at this time include recruitment of inflammatory and

endothelial cells, transepithelial invasion of trophoblasts into the

endometrium and apoptosis of the uterine endometrium (Weiilauf

1988).

The syncytiotrophoblast is responsible for the majority of the

production of chorionic gonadotrophin. This glycoprotein hormone

enters the maternal peripheral blood and is the basis for detecting

pregnancy in primates (Filly 1988).

For pregnancy to be successful, the conceptus must be

recognised by the mother. That ts, there must be "maternal

recognition of pregnanc5r" (Short r969). This leads essentially to the

rescue and maintenance of the functional corpus luteum (CL) and

thus the production of progesterone. Quite a few factors are

involved in these processes, the presence of hormones and

cytokines included, plus the presence of a viable blastocyst.

Basu (1985) defines maternal recognition of pregnancy as a

functional relationship between the uterus, the corpus luteum and

the embryo itself. The uterus recognises the presence of the

embryo and the embryo prevents luteal regression, thus the corpus

luteum produces a sufficient amount of progesterone to maintain

the pregnancy. There must be a signal from the pre-implantation

embryo to the uterus or ovaries that either suppresses

1.3 Maternal Recognition of Pregnancy
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prostaglandin F2o (PGFzcr; a luteolysin) production from the uterus

and/or stimulates the corpus luteum by a luteotrophic mechanism.

Before the embryo can produce any signal, however, there must be

activation of the embryonic genome. The human embryonic

genome is thought to be activated between the four- and eight-cell

stages of pre-implantation development (Braude etal. 1988).

Embryonic signals vary considerably between species. In

domestic animals, þr example, the major embryonal secretory

peptide is trophoblastic protein (TP; oTP, b:lP), which acts locally

on the endometrium to prevent production of PGF2ç¡. In pigs,

oestrogens are released and play a role in preventing regression of

the corpus luteum, whilst in horses, both oestrogens and conceptus

secretory proteins are produced during early pregnancy to suppress

PGF2s production. In primates, including mart, a polypeptide

hormone, chorionic gonadotrophin (CG) is produced that acts

directly on the ovary to provide luteotrophic support (Hearn 1986).
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1.3.1 E;mbryonic sÍglnals ín primqtes -

Ch;orionic @nø;dotroph;in

The mechanism of luteolysis is poorly understood in

primates. It is known that it is uterine independent, th-at ¿s

intraovarian effects of prostaglandins, oxytocin and other

undefined agents cause the luteolysis of the corpus luteum.

The first studies of maternal recognition in primates were

conducted by Hearn and associates (Hearn 1979; Hearn 1986; Hearn et al.

1988a; Hearn et al. 1988b; Hearn et aI. l99t). One such study involved the

immr:nisation of marmoset monkeys, baboons and rhesus monkeys

against the beta subunit of hCG, resulting in the suppression of

fertility, whilst the antibody titres remained high. As the antibody

levels decreased, recurrent abortions interspersed with occasional

live births were experienced by female marmosets. Female rats

have also been immunised against hCG-P, resulting in partial or

complete infertility, although a threshold titre of antibody was

implied to interfere with pregnancy (Hulme etal. 1980).

It is widely known that maternal recognition of pregnancy in

primates appears to involve independent interactions between the

uterus and embryo, as well as between the ovary and embryo. The

conceptus produces CG which results in the prolongation of the life

of the CL and its progesterone production. The continual secretion

of progesterone allows the maintenance of an endometrium that is

permissive to embryonic development, implantation and fetal and
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placental development to term. Chorionic gonadotrophin secreted

by the embryo directly interacts with the ovaÐr, preventing

luteolysis of the CL.

There are likely to be other luteotrophic signals produced by

the primate embryo. Studies by Webley et al. (1989) have shown a

changing responsiveness of marmoset luteal cells to progesterone

during normal conception cycles. They suggest that there is

another agent causing luteotrophism of the CL. Perhaps other

hormones, þr exampLe, inhibin, relaxin and cytokines and growth

factors may be involved. The involvement of inhibin has been

investigated. The human CL and placenta express mRNA for inhibin

(Davis et at. L987: Petraglia et aL 1987: Petraglia et qL. 1989). Studies by

Webley and associates (1991) have shown higher concentrations of

inhibin in the peripheral circulation of marmosets by Day 9 after

ovulation in conception cycles comp¿¡Íed with non-pregnant luteal-

phase controls.

1.3.1.1 Chorionic Gonadotrophin:

Chorionic Gonadotrophin (CG) is a member of the

glycoprotein hormone family, which are of pituitary or placental

origin. They include Luteinising Hormone (LH), Follicle Stimulating

Hormone (FSH) and Thyroid Stimulating Hormone (TSH), produced

by the pituitary, and CG produced by the placenta/embryo. LH and

FSH are involved in gametogenesis and steroid hormone synthesis
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in both the ovaries and testes, whilst TSH regulates the synthesis

and secretion of thyroid hormones.

The glycoprotein hormones, in turn, are members of the

cystine-knot growth factor superfamily, along with Nerve Growth

Factor (NGF), Transforming Growth Factor (TGF)-P and Platelet

Derived Growth Factor (PDGF)-BB (Lapthorn et aL. 1994). The proteins

in this superfamily all have homologous cystine-knot subunits and

form homodimers or heterodimers.

Chorionic gonadotrophin has a molecula¡ weight in humans

of 38,OOO daltons; -34o/o of the molecule is carbohydrate' It

consists of 2 non-covalently bonded subunits, cr and p. Generally,

both individual subunits are not biologically active, although there

is some evidence to suggest that CG-cx does some biological actions

of its owït (Blithe and Iles 1995). The a subunit is common to all

pituitary glycoprotein hormones and is species specific, whilst the

B subunit interacts with the receptor and is hormone specific (Pierce

etal. L97I).

1.3.1.2 Structu¡e and Chemistry of hCG-cr & hCG-p:

The u-subunit of human CG (hCG) has a molecular weight of

approximately 14,9OO daltons: l0,2OO of which represents the

protein portion and 4,7OO daltons is the carbohydrate portion.

Human CG-cr consists of 92 amino acid residues and has five

disulphide bonds. Two asparagine-linked carbohydrate moieties are

attached to the o-subunit at positions 52 and 78.
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The hormone-specific p-subunit of hCG has a molecular

weight of approximately 23,OO0 daltons: f'6,O00 represent the

protein portion, whilst 7,OOO daltons is the carbohydrate part. The

amino acid sequence is 145 residues, with six disulphide bridges.

At the amino acid level, hCG-P shares 8|o/o sequence homology with

hLH-P, up to the serine at position l2l, at which point, hCG-p has

an additional 24 amino acid residues rich in serine and proline.

The extra amino acids on hCG-Þ are often referred to as the 'C-

terminal extension', or 'C-terminal peptide'. Human CG-P has two

asparagine-linked carbohydrate units at positions l3 and 30, and

four serine-linked carbohydrate complexes at positions I2I, L27,

132 and 138.

The 3-D structure has been resolved (Lapthorn et o,L. 1994),

showing both the cx,- and p-subunits to have similar structures,

where three of their disulphide bridges form a cystine knot" It was

also determined that a segment of the p-subunit wraps around the

cr-subunit in a'seat belt' configuration, to stabilise the intact hCG

molecule. Both the a- and p-subunits consist of 2 þ-hairpin loops on

one side of the central cystine knot and a long loop on the other

side (Lapthorn et at. 1994). The long loop of the cr-subunit is longer

than the corresponding loop of the p-subunit.

1.3.f .3 Biology and Immunology of CG:

Structural similarities exist between hLH and hCG, thus their

biological and immunological properties are very similar. The C-
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terminal extension of hCG-p is not necessaÐ¡ for biological activity,

due to its absence in hLH-p. Moreover, Louvet and his colleagues

(1974) have found that antibodies specific for this tail piece failed to

neutralise the biological activity of hCG. Notwithstanding, the

highly glycosylated C-terminus is thought to contribute to the

much longer biological half{ife of hCG compared to hLH, due to the

negatively charged sialic acid residues on the carbohydrates (Morell

et at. LSTL: Van Hall et aL. 1971). Human CG also exhibits structural

homologies to the other glycoprotein hormones, hFSH and hTSH,

which would explain an intrinsic FSH- and TSHlike activity of

hCG.

1.3.1.4 Production and Secretion of CG:

The synthesis of each subunit is independently regulated, as

well as unbalanced, so that there is an excess of the s-subunit

fVaitukaitis 1974). Several workers have also observed that there is a

greater amount of hCG-o and -P synthesis in the first-trimester

compa-red with that in full-term (Daniels-McQueen et at. 1978; Landefeld et

aL1976).

It has been suggested that the u and P genes are related (hCG-

cr and -p show 3Lo/o homology) a¡1¿ thus they probably diverged from

a common ancestral gene, simila¡ to the globin genes (Fiddes and

Goodman r98O). The o-subunits of all four human glycoprotein

hormones (CG, LH, FSH and TSH) are encoded by a single gene

(Boothby et aL l98l; Fiddes and Goodman 198t). The p-subunit of hCG is
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encoded by a cluster of six genes on chromosome 19 (Fiddes and

Goodman r98r). However, Fiddes and Talmadge (1984) have proved

that only two hCG-p genes are functional and encoding the correct

sequence. Although Bo and Boime (1992) using RT-PCR have

indicated that at least five, and possibly all six CG-P genes are

transcribed ún uiuo. Moreover, studies by Strauss et al. (1994) using

transgenic mice have shown that CG-B genes I and 2 a¡e active in

the mouse brain, whilst the transcripts found in the mouse

placenta are derived from CG-B genes 5, 3 and 8, in a ratio simila¡

to that found in the human placenta. Strauss and associates have

also found that CG-P transcripts were only detectable in the mouse

placenta late in gestation, from day L4 onwards, in contrast to

human placenta, where CG-P peaks early in pregnancy (Strauss et al.

l 994).

Both subunits are synthesised as precursors, pre-d and pre-8,

including a hydrophobic signal peptide extension. The pre-ü signal

peptide is 24 amino acids long, whilst that of pre-P contains 20

amino acid residues (Birken et al. 1981). Translation of the peptide

pre-subunits takes place in the ribosomes of the rough endoplasmic

reticulum (RER; Sharon 1984) . The signal peptides are cleaved off

whilst the peptide is still attached to the ribosomes. They are then

transported through the RER channels to the Golgi bodies. Within

the golgi body, glycosylation of the hCG-subunits takes place. Two

types of glycosylation occur: N-linked and O-linked.
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Following glycosylation, the association of the ü,- and P-

subunits to form the hCG dimer occlrrs. A significant amount of s-

and B-subunits do not combine, but are secreted as free subunits,

however they are devoid of biological activity (Catt et at. 1973). The

carbohydrate moieties seem to play an important role in the

folding and assembly of the subunits (Bielinska et al. 1989). A block in

the assembly of the dimer occurs when inhibitors of carbohydrate

addition are used (Ruddon etaI. 1979).

Chorionic gonadotrophin was first isolated from the urine of

pregnant women in 1927 by Aschheim and Zondek (canfield et al.

tgzt). Placental syncytiotrophoblast cells have been established as

the main producer of hCG (Pierce & Midgley f 963; Thiede & Choate

f963, both cited in canfield,etaL. l97l), secreting it into the blood of

both the mother and foetus. Renal excretion of hCG occurs, via the

mother" Urinary hCG can be used as an indicator of pregnancy as

early as 6 to I days after ovulation. Plasma levels of hCG rise

dramatically, doubling in concentration every f - 3 days (Lenton et al.

1982); levels r¿urge from 16O to 2OO IU/rnl between 40 and 90 days

of pregnancy. The hCG level then drops to about 10 mlU/ml, where

it remains until a slight rise during the third trimester. These data

agree with others (Reuter et aL tgao and references within). In the

early stages of pregnancy, CG is found as a heterodimer, however,

both subunits as separate molecules are present in large quantities

in the later stages of pregnancy [Vaitukaitis 1974). It has been well

established that hCG levels are higher in multiple birth pregnancies
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than in singleton pregnancies (Reuter et aL. r98o and references

within).

Other tissues also secrete CG in the human, including brain,

pituitary, testis, liver and colon (Braunstein et at. 1979: Braunstein et aL

1975; Chen etat. 1976; Yoshimoto etaI. 1979; Yoshimoto etaI. 1977). A recent

article demonstrated the presence of hCG-p in the normal human

cyclic endometrium by in sttu hybridisation (Wolkersdörfer et aL 1998).

An earlier in situ hybridisation study by Bonduelle and associates

(1988) has demonstrated the presence of the p-subunit of CG in

three of seven 6-8-cell human embyros.

f .3.1.5 CG Receptor

T}jre LFir/CG receptor has a common specificity for both LH

and CG. Binding of CG is a rapid, reversible, saturable and

dependent on a number of variables, including concentration of

both the receptor and hormone. To invoke a maximal response,

only tO to Lío/o of the receptorbinding sites may be saturated, thus

a very low concentration of CG or LH will induce a response.

Receptors for LIH/CG have been found in the uterus of several

animals, including the rabbit (Jensen and Odell 1988) and pig (Ziecik et

aL. l98G). Reshef et aI. (1990) detected the presence of LH/CG

receptors in non-pregnant

membranes and decidua,

human uterus, placenta, fetal

using light microscope

immunohistochemistry. The rabbit blastocyst has also been

demonstrated to contain LIH/CG receptors (Khan-Dawood and Dawood
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1984). Circulating lymphocytes in pregnant women have also been

shown to express the LII/CG receptor gene (Lin et at. 1995). The

LH/CG receptor has also been found in the human fallopian tubes

(Let et ¿I. 1993b), ovary (Minegishi etaI. 1997), umbilical cords (Rao et at.

I993) and brain (Lei etat. 1993a).

L.3.2 Embryoníc signal.s in ntminønts -

Tr:oph;oblastic Pr:otein

Ovine trophoblastic protein (oTP) was identified by Godkin et

aI. (1982b), who demonstrated that the synthesis of oTP occupies

the exact window during which maternal recognition of pregnancy

occurs in the sheep, that ts, between days 13 and 2L of pregnancy

(Godkin et orl. 1984b). Ovine TP has also been shown to be the major

translational product of a day 16 conceptus, producing up to 500

pg of oTP in a 30 hour culture period ín uitro (Ashworth and Bazer

r989).

The discovery of bovine TP followed in 1987 by Helmer and

associates (1987). In the cow, maternal recognition of pregnancy is

initiated at around day 15 and this is the time at which the

conceptus begins to secrete large amounts of a protein that is

immunologically related to oTP. This protein is known as bTP'

Ovine TP, alternatively known as trophoblastin (Martal et al,

1979), or oTP-l (Godkin et at. 1984b), has a molecular weight of -2O

Kda. It consists of 3-4 non-glycosylated, polypeptide isoforms with
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pls between 5.3 and 5.8 (Roberts 1989). Bovine TP consists of

multiple isoforms with molecular weights of 22 or 24 Kda and pls

between 6.3 and 6.8 (entnony et aL r988). When both TPs are injected

into the uterine lumen of their respective animal, the life of the

corpus luteum is extended by influencing the output of PGF26¡

(Roberts 199 t).

Both oTP and bTP have been molecularly cloned by Imakawa

and associates, revealing the existence of multiple mRNA species,

whose sequences are highly conserved (tmakawa et aI. 1987; Imakawa et

al. 1989). The oTP and bTP mRNAs are about I kilobase in length and

code for a 195 amino acid protein, having a 23-residue signal

peptide (Charpigny etaL 1988; Roberts etal. 1989; Stewart etaL. 1987).

Both TPs show a structural relationship to type I IFNs (lFN-c¿

& IFN-P). The cDNA clones of oTP and bTP share 3Oo/o homology

with IFN-P and approximately 55-650/o homology with IFN-as.

However, 8Oo/o homology is seen between the TPs and a group of

'long' IFNs (stewart et al. l99O). These long IFNs are narned either,

IFN-a¡1 (Capon et at. 1985), or as now recommended by Hauptmann et

aI. lross), IFN-or. In 1994, Roberts reported evidence that IFN-I, a

distinct Type I subtype of interferons, is produced by

mononucleate trophectoderm cells of ruminant conceptuses. He

suggests that IFN-î has a primary function of tri$$ering maternal

responses to the presence of the embryo and thus, rescuing the

corpus luteum of pregnancy (Roberts 1994). Therefore, he infers that

IFN-I is TP, thus TP and IFN-t are now used interchangeably.
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Ovine TP and bovine TP have certain structural

characteristics in common with all the IFN-cr and IFN-ro proteins.

Four cysteines forming two intrachain disulphide bridges are

conserved, leading to the same general three dimensional form for

each of the molecules. There are three other characteristics that

confirm the similarity between the TPs and the IFNs: l) potent

antiviral activity (Roberts et aI. 1989); 2) inhibition of growth of bovine

kidney epithelial cells in culture, as well as, inhibition of

incorporation of 3H-thymidine into activated lymphocytes (Roberts

et al. 1989); 3) competition for binding to the IFN-o receptors found

in the uterus and other organs of the sheep (Knickerbocker and

Niswender f 989; Stewart etaL. 1987).

The day l5 sheep conceptus can produce up to 5OO pg of oTP

in a 30 hour culture period tn uitro (Ashworth and Bazer 1989). This

amount far exceeds that required to saturate the type I IFN

receptors which are present in the uterine epithelium, thus the

action of oTP may also be endocrine, as well as

autocrine/paracrine. However, Godkin et aI. (r984a) have attempted

to detect the presence of TP within the peripheral blood, without

success.

Culture studies have observed the production of oTP by sheep

conceptuses as early as days 8 and 10 of pregn¿mc1r (Ashworth and

Bazer lg89; Farin et at. r99O). In situ hybridisation studies have

detected oTP mRNA in low concentrations as ea.rly as day l0 of

pregnancY (FarineúaI. l99o; Farin etal. I989b). On day 13, the amount of

oTP mRNA increases several-fold, and is more abundant than actin
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mRNA (Farin et aI. Ig89a; Hansen et al. 1988). This mRNA is localised to

the trophectoderm of the conceptus. In the cow, similar results are

seen, however, the events are delayed two or three days (Farin et al.

l99o). Trophoblastic protein has also been implicated in influencing

the pattern of secretion of endometrial proteins (Godkin et a.L. Lg84a:

Salamonsen et al. 1988; Sharif et al. 1989; Vallet et aL. 1987).

1.3.3 Embryoníc signaLs in other ø;nimø,ls

1.3.3.1 pig:

Bazer et aL. (1986) have extensively reviewed the theory of

maternal recognition of pregnancy in pigs. They believe that in

cycling animals, PGF2ç¡ is secreted by the uterine endometrium

into the uterine vasculature and transported to the corpus luteum

to exert its luteolytic effect. However, the pig conceptus secretes

oestrogens that redirect the secretion of PGF2G into the uterine

lumen, where it can be metabolised or deactivated, thus preventing

luteolysis of the corpus luteum (Bazer etal. 1989b; Fischer etaI. 1985).

Conceptus secretory proteins (CSP) are also secreted by the

swine embryo. There are two major classes of protein, with

differing molecular weights. Both groups of proteins are secreted

between Days IO.5 and 18 of pregnancy (Godkin et aL. I982a). One or

more of the CSPs has antiviral activity (Mirando et aL I99o), however,

Harney and Frazer (1989) have found that porcine CSPs are not

antiluteolytic. A number of other factors make up porcine CSP,
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including retinoid binding proteins, plasminogen activator and

plasmin/trypsin inhibitor, and various enzymes. The pig conceptus

appears to be dependent upon the protein factors that the

endometrium secretes throughout the whole of pregnancy (Roberts

and Bazer 1988).

1.3.3.2 mare:

Pregnancy establishment in the ma-re appears to be a fairly

fragile process. There is a high incidence (2O-25o/o) of early

embryonic loss at a¡ound the time of maternal recognition of

pregnancy, as well as a high incidence of pseudopregnancy (15-

2Oo/o) (Sharp et aL 1989b). PGFza is the uterine-produced luteolysin in

cyclic mares. However, it appears that the inhibitory effect of the

conceptus is relatively transient (Sharp etaI. 1984).

The equine pre-implantation conceptus actually migrates

through the entire uterus l2-L4 times per day (Ginther lg84; as cited

by Bazer 1992), thus the conceptus secretions affect the entire

endometrium, inhibiting the production of PGF26¡. Equine embryos

secrete proteins between Days I2 and 14 of gestation, however, the

role of these CSPs are not known (sharp etaL. 1984). Oestrogen is also

secreted by the embryo between Days 8 and 20 of pregnancy, but

still the role of this hormone is unknown in the horse at this time.

Bazer (1992) suggests that the production of CSP and/or

oestrogens by equine conceptuses may provide a signal for the
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initiation of maternal recognition of pregnancy by inhibiting the

endometrial production of PGF26¡ either directly or indirectly.

The equine trophoblast also produces equine CG, however,

the role of this form of CG in the horse is not completely

understood (tvturphy and Martinuk 199f).

1.3.3.3 mouse:

In mice, the first signal from the conceptus appears to be a

pregnancy-specific immunosuppressive substance called Early

Pregnancy Factor (EPF). This factor was first detected by Morton

and associates in pregnant mice by a rosette inhibition test, within

the first 24 h.olurs after fertilisation (Morton 1985; Morton et aI. 1974:

Morton et al. l98O; Nahhas and Barnea 1990). EPF has been found in the

serurn of mice, htrmans and sheep, however it appears unlikely that

the embryo would actually produce this factor. It has been

suggested that the embryo acts as a stimulus to produce EPF from

some other source. This hypothesis has been tested on the mouse

(Morton et al. l98o) and it has been found that EPF is secreted as two

components, A and B. Component A appears to be oestrus-

dependent and oviductally-derived, whereas, component B is

pregna,ncy-dependent and produced by the ovary. EPF has also

been characterised and purified in the form of a polypeptide from

serum of pregnant women (Mehta etaL 1989).

In 1994, EPF was identified as an extracellular form of

chaperonin fO (cpntO), one of the highly conserved heat shock
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family of proteins (Cavanagh and Morton 1994). Cavanagh and Morton's

group have demonstrated the requirement of EPF/cpntO for

optimising embryonic development in the mouse (Athanasas-Platsis et

aI. 1994; Cavanagh etaI. 1994; Somodevilla Torres etaL 1994).

1.4 Cytokines and Growth Factors

1.4.1 Wh,ø;t are cgtokínes?

Cytokines are a heterogeneous group of proteins and

polypeptides released from a cell w.ith a variety of functions,

including intercellular commLrnication and altering of cell

proliferation, differentiation, secretion or rate of mi$ration.

Originally identified as soluble molecules, released from activated

immune cells and responsible for signalling between the cells of the

immune and haematopoietic systems, cytokines have in recent

ye¿rs been found to have new functions and targets in both normal

and pathophysiological conditions.

Currently, there are at least 60 different cytokines, divided

into four distinct families. These families are:

l. Interleukins (ILs)

2. Colony Stimulating Factors (CSFs)

3. Interferons (IFNs) and

4. Growth Factors (GFs).
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A list of the common cytokines and growth factors and their

acronyms is shown in Table 1.1.

Table 1.1 Common Cytokines and Growth Factors and their
acronyms.

C)¡tokine Acronym

Interleukíns

Colong StimuLattng Factors

CSF- I or Macrophage CSF

Granulocyte-Macrophage CSF

Granulocyte CSF

InterJerons

Grotuth Factors

Epidermal GF

Fibroblast GFs

lnsulin-like GFs

Leukaemia Inhibitory Factor

Platelet Activating Factor

Platelet-derived GF

Transforming GFs

Tumour Necrosis Factors

ILs

CSFs

M-CSF or CSF- I
GM-CSF

G-CSF

/F1Vs

GFs

EGF

FGFs

IGFs

LIF

PAF

PDGF

TGFs

TNFs

Cytokines, generally have a number of properties in common.

Most cytokines ale glycosylated, thus there is a range of molecular

weights for some factors, due to the extent of glycosylation.

However, glycosylation is not essential for the expression of

biological activity of most cytokines. They have a low molecular

weight, ranging from 6-60 kilodattons, and consist of between 10O

and 2OO amino acid residues, including a signal sequence for

secretion. The exception for a signal peptide is Interleukin-l (IL-l)
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(Mizel 1989). Most cytokines are monomers or dimers, except

Tumour Necrosis Factor (TNF), which is a trimer (Arakawa and Yphantis

r987)

They are synthesised and secreted by a number of cell types,

including: activated immune and mesenchymal cells. Cytokines are

extremely potent and usually found only in the picomolar range.

Production of cytokines is often transient and is regulated at the

transcriptional or translational level. Consequently, cytokines

exert their biological effects by binding to a high affinity receptor

on the plasma membrane of the target cell. Binding to the receptor

causes many intracellular activities, Jor example RNA and protein

synthesis, and altered cellular behaviour. Receptors of cytokines

are classified into receptor families based on common structural

features. These families, including those containing tyrosine

kinase domains in their cytoplasmic region and others which

generate their cytoplasmic signals only in conjunction with

additional molecular components (see review of Taga and Kishimoto

rees).

Cytokines function as intercellular communicators between

various cells of the immune system. Thus, communication can be

at close r¿Lnge or within a small a-rea of tissue (autocrine or

paracrine), or perhaps systematically throughout the entire

organism (endocrine). All cytokines are pleiotrophic, that ts they

generally exert multiple biological effects on a variety of cell types,

including haematopoietic, epithelial and mesenchymal cells.

Individual cytokines have multiple overlapping cell regulating

Review of the Literature 2B



actions, but they do not act in isolation. They appe¿¡.r to interact in

a network by: ¡ftrst inducing each other; second transmodulating

cytokine cell surface receptors a¡rd thtrdby synergistic, additive or

antagonistic interactions on cell function. Furtherrnore, the

resultant activity of a cytokine may be modified by the presence or

absence of binding proteins, Jor exotnple Insulin-like Growth Factor

Binding Proteins (IGFBPs), or soluble receptors, þr exampLe soluble

IL-2 receptor (sIL-2R) which may alter the binding of the cytokine

to its receptor.

Many of the known cytokines seem to be involved in the

different phases of reproduction in both the female and the male. A

substantial amount of work has been conducted in rodents on

embryo-maternal interactions. Cytokines are known to be produced

by the murine maternal reproductive tract, affecting embryonic

development and the implantation process. A small amount of

research has also been done on'spare' human embryos.

There are many recent reviews on cytokines and growth

factors and the effect they have on early embryonic development

and implantation. The reviews are quite extensive and as cytokines

and growth factors have very m¿rny different functions I will not

discuss every cytokine and growth factor. Instead, I will highlight

the various cytokines and growth factors and their receptors that

are important: 1) in the oviduct, 2) in the uterus, 3) at

implantation and 4) in the regulation of CG expression and

secretion, paying particular attention to the four cytokines used in

this thesis (LIF, GM-CSF, TGF-P & IL-6).
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L.4.2 Cltokines pløg a role in th,e ouiduct

Development of the embryo starts in the oviduct, after

fertilisation. The embryo is under the dominion of factors secreted

by the oviductal epithelial cells, as well as those factors secreted

by the embryonic cells. Differences occur in the origin (maternal or

embryonic) and stage-specific timing of appe¿rr¿rnce of growth

factor transcripts (Rappolee et aL 1988; Rappolee et at. l99O; Schultz and

Heyner 1992; Watson et aI. 1992; Watson et aI. 1994b). The onset of

embryonic transcriptional activity has been compared between

several species of mammal (telford et at. f990, also mentioned in

Section 1.2.31. Thus, a particular transcript found at the two-cell

stage, Jor example: the insulin receptor, will be of embryonic origin

in the mouse embryo, but of maternal and embryonic ori$in in the

sheep embryo.

The various cytokines and growth factors and their receptors

found in the oviduct or that are known to influence early

embryonic development whilst in the oviduct are listed in TabLe

1.2.
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*Superscript numbers indicate the following references: ISrivastava

et aI. f 996; 2Barmat et aI. LggT: zZhao and Chegini 1994; aKurachi

et aI. f994; 5El-Danasouri et aI. f993; 6Morishige et aI. f993;
TSmotrich et aJ-. 1996; sPfeifer and Chegini lgg4;sIf'eltz et aI. 1996;

IoGordon et al. 1996; rlSchell et aI. tg94; r2Dalton et ol. 1994:
Isff¡'çsçi et aI. L992a, lg92b; raArceci et al. 1989, Bartocci et aI.

1986; rsPampfer et al. f991; I6Murphy and Barron 1993; rTHunt

1993, Hunt et aI. f 993; r8Suzuki et aI. I996; reCa¡lsson et aI. 1993,

Z}rang et aI. L994;2oWatson et al. 1992;2IXia et aI. 1996, Gabler et

aI. 1997:zzVÍlrtf et aI. Ig95; 23Schmidt et a¡. 1994; 2aGandolfi et aI.

I995; 2sRosselli et aI. 1994; 26Watson et aL 1994; 2TStevenson and

Wathes lgg6; 28Doré et aI. f 996; 2eTuo et aJ. 1995; S0Swancha¡a et

ø1. 1995; 3lWiseman et aL. 1992.
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Table L.2 Cytokines and growth factors and their receptors found

in the oviduct or known to influence embryonic development in

the oviduct*.

Factor human baboon mouse rat cow sheep pig

II,-IA
U-1p
II-lRA'
lI-2
sII-2R
II-6
II-8
II-I.O
II-1 I
csF-1
c-Jms
GM-CSF
IFNl
EGF
EGF.R
TGF-a
HB-EGF
aFGF
bFGF
FGF-R
IGF-I
IGF-II
IGFBPS
IGF-IR
insulin R
LIF
NGF
PDGF-A
PDGF-B
PDGF.AR
scF
SF
c-kít
TGF-p
TI\[F-A
VEGF
activin
endothelin
lactoferrin
MIF.:,
MIP-1crt

+l
+r
+r
+I
+r,2
+r
+l
+r
+2

+3

+l
+2.4

+5,6

+7

+8

+8

+8

+2,s

+l

+l
+ro

+l

+r2
+12

+13,I4,I5

+13,14

-t2

+2s

+30

+30
+rr
+II
+rr +20

-20

-20

+20

+22

+20

-26

+26,27

+26,27

+27

+26

+26

427.28

+26

+12.l6

+t6

+r3
+r3
+12

+17

+12

+12

+12

+18

+19

+re

+31

+31

+21

+2O.2r.22

+2r

+23

+20

+26

+20

+20

+20

+24

+25

*MIF = ûrâcrophage migration inhibitory factor; "MIP-Ia = macrophage
inflammatory protein I alpha.
+ - presence of tigand or receptor; - - failure to detect ligand or receptor;
a blank space = no information available as yet.
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1.4.2.L Leukae'nlalnhibitoryFactor:

Two recent reports have localised LIF to the human oviduct.

Keltz and co-workers (1996) found that LIF mRNA is expressed in

the oviduct, with expression varying slightly during the menstrual

cycle. The greatest expression of LIF was seen associated with

ectopic pregnancy, with levels of mRNA expression higher in the

distal portions of the oviduct. They also investigated LIF protein

biosynthesis in tubal epithelial and stromal cell cultures,

demonstrating that estradiol and progesterone did not modulate

LIF expression. The other study by Barmat and associates (1997)

characterised growth factor gene expression by passaged co-culture

cell lines, including cultures from segments of fresh human oviduct

and buffalo rat liver. They found by Northern hybridisation that LIF

is expressed in the human oviduct. Another report by Srivastava et

al. (1996) determined the concentrations, presence or absence of

various cytokines and growth factors in human oviductal fluid,

follicula¡ fluid, amniotic fluid and seminal fluid. LIF was found in

moderate concentrations in human oviductal fluid and in small

amounts in amniotic fluid.

L.4.2.2 Granulocyte-Macrophage Colony Stimulating Factor:

The study by Srivastava and co-workers (1996) mentions GM-

CSF protein in the oviduct, however levels are negliglible in both

human oviductal fluid and amniotic fluid. Zhao and Chegini (1994),

using RT-PCR, in situ hybridisation and immunohistochemistry
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found that human oviduct expresses GM-CSF mRNA and protein

and GM-CSF a and P recepetor mRNA. Changes in expression \¡/ere

seen during the menstrual cycle, thus regulation is probably

modulated by ovarian steroids.

L.4.2.3 Tlansforming GrouÉh Factor-B:

Dalton et al. (1994), using Northern blot and immuno-

histochemistry, localised TGF-Êr and TGF-Þz to the secretory

epithelial cells of the murine oviduct. They also detected

immunostaining in the serosa and smooth muscle, w-ith less

immunostaining for TGF-Fr and intense immunostaining for TGF-Bz

and TGF-Þs. The abundance of mRNAs for TGF-p was not affected by

ovariectomy and was relatively constant during the pre-

implantation period. TGF-P transcripts have also been found in the

oviduct of the cow (watson et aJ. 1992) and sheep (Watson etaL. I994b).

L.4.2.4 Interleukin-G:

Srivastava and associates (1996) detected IL-6 in human

oviductal fluid and in amniotic fluid. Negligible levels were found in

follicular fluid and in seminal fluid. The authors suggest that IL-6

and other proinflammatory cytokines may play a role in defending

the oviduct against infection. Barmat and co-workers (1997) also

found IL-6 mRNA was expressed by human oviductal cell cultures.
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1.4.3 Cytokínes pløg q. role in th,e utents

Embryonic development continues in the uterus. The zygote

reaches the sixteen-cell, or morula stage and passes through the

isthmus of the oviduct into the uterus. As mentioned before, the

morula undergoes compaction and differentiation to two cell lines:

a) the outer trophectodermal layer and b) the inner cell mass.

Cleavage of the sixteen-cell morula results in thirty-two cells a¡rd

blastocyst formation. Two days after the formation of the

blastocyst, hatching occurs, followed by implantation into the

maternal endometrial epithelium, which will be mentioned later.

The embryo/fetus is now under the influence of factors

produced by the uterine epithelium, as well as those factors

secreted by the differentiating embryonic cells. The cytokines and

growth factors and their receptors that are found in the uterus or

that are known to influence embryonic development whilst in the

uterus are listed in TabLe 1.3.
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*Superscript numbers indicate the following references: ISimón et
ol. 1996; 2Kauma et aI. 1990; 3Simón et aL lg93a; aSimón et aI.
1993b; sSimón et aL 1995b; GBoehm et aI. 1989, Yagel. et al. 1989;
THaynes et aI. f99B; BTabibzadeh et al. f9B9; sNoble et al. 1996;
roDaiter et aI. Lgg2, Kanzaki et aI. L992; llAzuma et aL. lg9l;
r2Jokhi et al.Lgg4: tePampfer et aI. Lgg2: t¿Sharpe-Timms et aI.
1994, Giacomini et aI. f995; r5Jokhi et aL 1994; r6Russell et aI.
1993; ITHaininget al. f99la, 1991b; te1-.i et al. 1995; reWatson et
aI. lgg4; 2oHorowitz et al. f 993; 2rCordon-Cardo et ay. I99O,
Rusnati et aI. f99O; 22Gao et aI. 1995; 23Charnock-Jones et aI.
1994b, Cullinan et aI. 1996; 2aKojima et al. 1994, Arici et al. I995,
Chen et aI. 1995, Delage et aI. 1995, Tabibzadeh and Babaknia
1995, Vogiagis et aI. 1996, Laird et aI. IggT:zsKanzaki et al. f 994;
26Kojima et al. f995; 2TArici et aI. 1996; 2aTabibzadeh et aI. 1991,
Hunt et aI. 1992, Terranova et aI. 1995; 2eChar-nockJones et aI.
1993; 3oOsuga et aI. 1995; 3rAce and Okulicz 1995; 32Fazleabas et
aL. lgg4; 33Takacs et aL. 1988, Takacs and Kauma 1996;
3aWegmann 1990c, Tangri and Raghupathy Ig93; 35lin et al. 1993;
36Jacobs et al. 1992, Robertson et al. L992; 37Robb et aL 1998;
3sBartocci et al. 1986, Arceci et al. L992a, f 992b; 3eArceci et aL

1989; aoRobertson and Seamark 1992, Sanford et aI. L992,
Robertson et al. I996; alRobertson et al. 1994; a2Huet-Hudson et
aI. lgg0; a3Brown et aI. 1989, Tong et aL lgg6; aaTamada et aI.
199f , Paria et al. 1994a; asDas et al. 1994; a6Wordinger et al. L992,
1994, Taniguchi et al. f g98; aTKapur et aI. 1992: asBhatt et aI.
f 991, Shen and Leder Lgg2:4sYang et al. lgg6; 5oYang et aI. I995a:
slDas et al. L992:52Roelen et aI. 1994; 53Doré et aI. 1996: saHunt
f993, Hunt et al. f993, Roby and Hunt lggS; ssRoby et aJ. f996;
56Geisert et al. 199f , Kirby et al. 1996; sTVogiagis et aL. lg94;
SsRiley et al. 1994; seTuo et al. 1995; ;ozhanget al. 1992b; 6IKim et
al. 1995; G2Katsahambas and Hearn f996, Gupta et al. L997:
63letcher et aI. 1989, Wiseman et aL Lgg2:6aKo et aI. f99I, f994;
osChastant et aI. 1994; 66Hofig et al. 199f; cTAnegon et al. 1994;
osGupta et al. lgg6; oeGrünig and Antczak 1995; ToHofmann and
Anderson 1990; TtParia et aI. f 994b; 7z}lrabê de Angelis et a/. 1995;
T3Carlone and Rider 1993; TaCarlsson and Billig f 99f ; Tsl.ennard et
at. f9g5; z;Zhanget aI. lgg4; TTYanget al. 1995; 7sYang et al. lg94;
TeLea et al. 1995; soYelavarthi et ol. I99l; srDas et aI. 1997:
s2Yamanouchi et aL. L997.
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Table 1.3 Cytokines and growth factors and their receptors found
in the uterus or known to influence embryonic development in the

uterus before the time of implantation*.

Factor human primater mouse cow sheep pig otherss

lLLc-
ILrp
II-lRtI
II-lRA
lLz
lI-4
lL6
IL6
U-10
II-ll
csF-1
c-fnr-s
GM-CSF
GM-CSFRa
GM-CSFRp
IFNl
IFN-R
EGF
EGF-R
TGF-a
HB-EGF
bFGF
IGF-I
IGF-II

IGF-IR
IGF-IIR
LIF
LIF.R
scF
TGF-B
TGF-B R
Tl\[F-a
TI\tF-o R
VEGF
PD-ECGF
activin
endothelin

+l
+ I,2,3

+3,4

+1,5

+6

+7

+8

+s
+ro-r2
+r I,r3

+r2.14

+15

+7,r2

+r6
+r7.I8
+ I8, l9

+r8.20

+r2,23-25

¡23.26

+25

+2,27

+28

+3rM

+3lM/328

+32M

+3lM
+3lM

+43

+43,44

+45

+46

+47

+48

+60

+65

+66,67

+66

+68

+ 7oh

a 7oh

+ 70h

173b/7ar

¡75r
-76t]

+77r

+50,78b

+79b

asoh

470hl8lr

+s6 37

+33

+33

+33

+34

+35

+35

+35

+38

+3e

+40

+37

+42

+42

+35

40

4

+56

+56

+r6

+57

+58

+6I +7Ib/72s

+62

+63+2r
+22

+22

+3lM

+sLM/szB +48

+64 65

+49,50

+50,5I

+69

+69

+52

+5s

+54

+55

+29

+30

+ 82b

+83h

+5s

þrtmates = rhesus monkey (M) or baboon (B).
sothers = rât (r), rabbit (b), skunk (s), or horse (h).
+ = presence of ligand or receptorl - = failure to detect ligand or receptor;
a blank space = no information available as yet.
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f .4.3.1 Leukaernla Inhibitory Factor:

Many studies have detected LIF in the endometrium of

different species (as tisted aboue). Expression in the luminal and

glandular epithelium of the human endometrium has marked

cyclical changes during the menstrual cycle, suggesting a

paracrine/autocrine role for LIF in endometrial function fVogiagis er

at. 1996). Laird et aL (1997) demonstrated the presence of LIF in

uterine flushings obtained from normal fertile women from Day 7

after the LH surge reaching maximal levels at Day L2 alter the LH

surge. Women of unexplained infertility had significantly lower

levels than fertile women. A few groups have looked at the

secretion of LIF by culturing cells from endometrial biopsies,

showing that expression is dependent on cell type and time of

collection (stage of menstrual cycle i Chen et aL. 1995; Delage et aL 1995;

Latrd et aL. IggT 1347). Delage and co-workers (1995) found that LIF

production of endometrial cultures obtained from women with

repeated failures of embryonic implantation and unexplained

primary infertility is significantly lower than that obtained from

normal fertile women.

Ace and Okulicz (1995) investigated by semi-quantitative RT-

PCR the expression of LIF mRNA in populations of cDNA isolated

from oestrogen and progesterone dominated rhesus monkey

endometrial tissue samples. They found that LIF is progesterone-

dependent and expressed during the secretory phase of the

menstrual cycle of the rhesus monkey.
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Uterine expression of LIF has been demonstrated in the

mouse and shown to be most abundant in the uterine endometrial

glands specifically on Day 4 of pregnancy, which coincides with

implantation in the mouse (Bhatt et o;L. L99t). Shen and Leder (1992)

showed that LIF expression varies during the estrous cycle,

suggesting that perhaps LIF is regulated by ovarian steroid

hormones. Recently, Yang et aI. (1995a) localised LIF protein and

receptor and gpl30 in the mouse uterus during early pregnancy.

The localisation of the protein was very similar to that of LIF

mRNA (Bhatt etal. l99I; Shen and Leder 1992). Yang and co-workers also

investigated expression of LIF [Yang etal. 1994) and LIFR and gp130

in the rabbit fYang etaL 1995b).

L.4.3.2 Granulocyte-Macrophage Colony Stimulating Factor:

In the mouse, synthesis of GM-CSF by uterine luminal and

glandular epithelial cells of the uterus is regulated by ovarian

steroids, in particular oestrogen (Robertson et aL. 1992; Robertson et aI.

1996b). Seminal components at mating are also known to modulate

GM-CSF production (Robertson ef at. 1996a; Robertson and Seamark l99Oa).

Sharpe-Timms et al. (1994) localised GM-CSF to the human uterine

epithelial cells by immunohistochemistry and Giacomini and co-

workers (1995) found that human uterine epithelial cells are the

major source of GM-CSF, using an endometrial explant culture

system. GM-CSF has also been proposed to be produced in the

uterus by T lymphocytes (Athanassakis et al. 1987: Wegmann et aL 1989)

Review of the Literature 39



and leucocytes, fibroblasts and endothelial cells (Le et aL r99o). The

actual implications of GM-CSF within the endometrium remains to

be determined, however, in the murine model, GM-CSF supports

attachment and outgrowth of murine blastocysts in uitro (Armstrong

and Chaouat 1989) and promotes placental growth and fetal survival

and prevents spontaneous abortions in abortion-prone mice

(Wegmann et al. 1989).

1.4.3.3 llansforming Growth Factor-p:

Kauma et aI. (1990) demonstrated the presence of TGF-P

bioactivity within all tissues of the maternal-fetal interface,

including decidua, placenta and placental membranes. They also

found that all of these tissues expressed mRNA for TGF-p and thus

conclude that TGF-P may regulate the local maternal immune

response and prevent rejection of the foetus. Ace and Okulicz (1995)

investigated the expression of TGF-Þz and its receptor, finding that

TGF-Þz was induced in the secretory phase. This is consistent with

a study by Chegini et al. (1994), who showed similar increases in

human endometrium during the early and mid-secretory phase.

Expression of TGF-P has also been investigated in the mouse

uterus. Das and co-workers (Das et aI. L992; Tamada et a[. l99O) using

Northern blot and immunocytochemistry, demonstrated that all

three TGF-P isoforms (TGF-Þr, TGF-Bz & TGF-Ps) ile expressed in a

cell-type specific manner in the peri-implantation mouse uterus.

This differential expression suggests that each isoform may have a

unique role in embryo-uterine interactions. The embryonic
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expression of the receptors for TGF-B have also been examined by

immunohisto-chemistry, ¿n situ hybridisation'and RT-PCR (Roelen er

aL 1994). Their results are consistent with the view that rGF-0 may

be involved in embryo implantation.

Both the sheep (Doré et aL 1996) and the horse (Lea er at. 1995)

endometrium express TGF-P during early pregnancy. However, as

both these animals undergo restructuring and modifying of the

endometrium for a subsequent estrous cycle and/or pregna.ncy,

they suggest that TGF-P plays a role in the remodelling process.

L.4.3.4 Interleukin-G:

Tabibzadeh and co-workers (1989) have investigated the

secretion of IL-6 from human endometrial explant cultures and

found that this secretion is modulated by oestrogen. One of the

sites of IL-6 secretion in the mouse uterus has been localised to

the uterine epithelium (Robertson et orl. 1992). Jacobs et al. (rggz) also

investigated IL-6 secretion in the mouse, using cultured

endometrial cells. They propose that the two cell populations they

examined: uterine stromal and uterine epithelial cells,

communicate with each other via IL-6 and thus play a role in

regulating the implantation process.

1.4.4 Cytokines plø;y a, role øt im;plø;ntøtíon

Attachment of the blastocyst to the endometrial epithelium

occurs about six days after fertilisation, in the human. As
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mentioned above, an elaborate interaction occurs between the

uterine epithelium and the conceptus. Failures in implantation

account for the abortions in about one-third of normal human

pregnancies (wilcox et aI. 1988). In farm animals, failures in

implantation account for almost 80% of embryonic loss (Roberts er al.

1992a; Roberts et aL lggOa). Thus the implantation process is very

important for proper placental development and to sustain the

foetus for the full term of gestation.

Once the blastocyst attaches to the endometrium, adjacent

to the inner cell mass, the trophoblast starts to rapidly proliferate

and differentiate into one of three cell types: l) villous syncytio-

trophoblasts, 2) extravillous anchoring trophoblasts, or 3) invasive

intermediate trophoblasts [Nachtigall, 1996 #L424: and references

thereinl. There is growing evidence that cytokines and growth

factors mediate these differentiation pathways (Strickland and

Richards 1992) and these are listed inTabl"e 1.4.
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*Superscript numbers indicate the following references: llaird et
aI. L994, Masuhiro et aI. f 99f , Tabibzadeh et al. l99Oa;2K*ariya et
aI. f99l; SSilen et al. 1989, Yagel et aI. 1989b, Kauma et aL 1994,
Frank et aI. 1995; aSawai et aI. 1995; sNishino et aI. l99O; 6Garcia-
Lloret et aI. f 989; Tlysiak et aI. 1994; sArici et aI. 1995; eGraham
et aI. L992, Matsuzaki et al. 1992; roTabibzadeh et aI. 1989, Inoue
et aJ" 1994, Tabibzadeh et al. 1995; t rFazleabas et al. Lgg4:
I2Simón et aL I994a; r3Abbondartzo et al. 1996; raChaouat et al.
1990; r5Armstrong and Chaouat t9B9; IoJacobs et aI. 1992;
r4Vegmann et al. f g93; r8Robb et aL 1998; reBa¡tocci et aI f 986,
Pollard et al. 1987, Simón et aI. 1994b; 2oWegmann lggO, Kanzaki
et al. 199f , Robertsort et aL f 99l; 2rBrow r et al. 1989; 22Das et aL

1994; zsTaniÊluchi et al. 1998; 2aMarkoff et aI. f 995; zsStewart et aI.
L992, Stewart 1994, Lavranos et aI. f 995; 26Tamada et ol. f 99O;
2TPanpfer et aL 1994; zsChakraborty et al. 1995; 2eGupta et aI.
1997:30Gupta et aL 1996; 3rCarlone and Rider f 993; 32Jakeman et
ø1. 1993.
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Table 1.4 Cytokines and growth factors and their receptors found

to modulate hatching and implantation*.

Factor human baboon mouse cow sheep pig otherss

II-la +l
-2

+3

+7

+8

+4

-9

-lo

u-lp
II-IR tI
II-lRA
lI-2
II-s
II-6
II-6R
II-lO
II-l1
ILllR
CSF-1/cy'ms
GM-CSF
IFNl
EGF
TGF-cr
EGFR
HB-EGF
bFGF
IGFs
IGFBPS
LIF
gpl3o
TGF-p
Tt\[F-a
VEGF

+4

+5

+6

+
+12

NEI3

-t4
+I4. I5

+16

+r7
+r8
+18

+I9
+ 14, 15,20

-L4

+2r+rr

+ll

+2r
+22

+2s

+24

+25

+26

-L4.27

+

+29 +rat3l

+30

+28 arat32

sothers = rât (r), rabbit (b), skunk (s), or horse (h).
+ = cytokine/GF could possibly have a beneficial effect; - = cytokine/GF
could possibly have a detrimental effect; NE = no significant effect; a
blank space = no information available as yet.

L.4.4.L Ler¡kaernialnhibitoryFactor:

Gene knockout studies by Stewa¡t et aL. (1992) have shown

that maternal expression of LIF is essential for blastocyst

implantation. Messenger RNA for LIF peaks at the time of

implantation in human endometrium (CharnockJones et aI. 1994b) and

the human blastocyst contains mRNA for the receptor at this time

(CharnockJones et aL 1994b; Sharkey et al.. 1995). The presence of the
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receptor on uterine luminal epithelium indicates a role for LIF in

regulating human embryo implantation (Cullinan et at. 1996). The

expression of LIF receptor is also seen in the human placenta

(KoJima et al. 1995), which may suggest that LIF is responsible for

growth and differentiation of the trophoblasts during pregnancy.

The gpl3O receptor subunit of LIF has also been localised to the

trophoblasts of the human placenta using immunohistochemistry

(Sawai et aI. f 995b).

Arici and co-workers (1995), used endometrial cell culture to

show that LIF is regulated by other cytokines, including IL-1, TNF-

cf,, PDGF, EGF and TGF-p, which induced expression and IFN-y,

whÍch inhibited the LIF expression induced by the other cytokines.

They also demonstrated that LIF expression is not directly

regulated by steroid hormones. This same group have also shown

that LIF acts on human cytotrophoblasts to differentiate to

anchoring trophoblasts, thereby increasing their production of

fibronectin and decreasing hCG production (Nachtigall et aL r996).

Lavranos et aL. (1995) cultured 8-cell mouse embryos and

found that LIF increase the number of embryos hatching and

exhibiting trophoblast outgrowth. Endometrial cells were cultured

in the presence or absence of oestradiol and/or progesterone, but

expression of LIF was not si$nificantly enhanced.
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L.4.4.2 Gronuloc¡rte-Macrophage Colony Stimulating Factor:

Chaouat et al. (1990) examined the effect.of various cytokines,

including GM-CSF on fetal survival of abortion-prone (CBA/J x

DB'A/2) mice. Injections of both IL-3 and GM-CSF improved fetal

survival and increased fetal and placental weight. GM-CSF has also

been shown to stimulate proliferation of murine placental cells in

uitro (Armstrong and Chaouat 1989). Robertson and associates (1991)

cultured murine embryos of different stages \Mith various

concentrations of GM-CSF, showing that GM-CSF-treated embryos

progress more quickly through to hatching and attachment than

controls. Embryonic development was also assessed by 3H-

thymidine incorporation into implanted murine blastocysts,

demonstrating that embryos cultured in the presence of GM-CSF

incorporated more label than controls.

1.4.4.3 Transform.ing Growth Factor-B:

A study by Graham et aL (1992) localised TGF-Þ at the human

fetal-maternal interface, using immunohistochemistry. They

established trophoblast cell cultures and noted an antiproliferative

effect of TGF-p, thus suggesting a regulatory role for TGF-B in

proliferation and differentiation of the trophoblast. As mentioned

in Section 1.4.3.3, in the mouse differential expression of the TGF-

p isoforms is exhibited in the peri-implantation uterus (Das et al.

1992; Tamada et aI. t99O) and the receptor is expressed by embryos

(Roelen et al. 1994), suggesting a possible role for TGF-P in the

implantation process.
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L.4.4.4 Interler¡kin-G:

As mentioned in Sectúon 7.4.3.4, IL-6. secretion from two

populations of cultured murine endometrial cells and their

modulation by oestrogen, suggests communication between uterine

stromal and epithelial cells via IL-6 allowing regulation of the

implantation process (Jacobs etal.1992). Receptors for IL-6 (IL-6R and

gpl3o) have been localised to the trophoblasts of the human

placenta by immunohistochemistry (Nishino et aL. I99O; Sawai et aI.

1995b). Thus IL-6 may play a role in the human at the time of

implantation.

1.4.5 Cltokines plø;g a.role in CG expressioln

Chorionic gonadotrophin's most widely recognised function is

sustaining the life of the corpus luteum of pregnancy. However, it

seems to also be involved in implantation, as well as trophoblastic

differentiation. Although CG is essential for a viable pregnancy in

primates, an understanding of the factors regulating expression is

lacking. A number of cytokines have been cultured w'ith human

cytotrophoblast cell lines, using CG secretion as an end point, as

shown in Table 1.4. Secretion of trophoblastic protein (TP), the

ruminant analogue of CG has also been investigated.
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Table 1.4 Cytokines and growth factors and their receptors play a

role in expression of CG, or its analogue, trophoblastic protein
(TP)*.

Factor human primate cow sheep pig

IL-1cr
rLrp
lI-2
IL3
II-6
u-lo
U-l1
csF-1
GM-CSF
EGF
TGF-c
F.GF
insulin
LIF

+l
+2.s

+13

-l I

+12

NE2

+ = cytokine/GF could enhance CG expression or secretion; - = cytokine/
GF could suppress CG expression or secretion; NE = no si$nificant effect;
a blank space = no information available as yet.
*Superscript numbers indicate the following references: lMasuhiro
et aL l99f; 2Silen et al. 1989,3Yagel et al. 1989b, Steelee et al.
1992: aNishino et aI. 199O; sGarcia-Lloret et aI. t9B9; 6Beneviste et
aI. 1978, Ritvos et aI. 1988, Maruo et aI. 1987, Morrish et al. Lg87:
TOberbauer et aI. 1988; sRen and Braunstein f99f; eSawai et al.
I995a, f995b; toNachtigall et aI. f g96; rlMatsuzaki et al. L992,
Morrish et aL. f 991; r2Li et aL. 1992: I3lmakawa et at. f 993.

A group from Õsaka, Japan, has shown that human chorionic

gonadotrophin released from trophoblasts can be induced by

trophoblast-derived IL-f and TNF-cx, using IL-6 and the IL-6-

receptor system (Li etal. 1992: Masuhiro etat. l99t). Trophoblast-derived

IL-6 stimulates hCG release, acting through the IL-6 receptor on

human trophoblasts (Nishino et aI. r99o). These authors also discuss

+4

+5

+5

+6

+
+7

+8

+s
-to

LIFR
TGF-p
TI\ÍF-cr
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another regulatory network, a GnRH and GnRH-R system, which

regulates hCG release by trophoblasts.

Bartocci and associates (1986) found that there is a lOOO-fold

increase in the level of CSF-I in the uterus which appeared to be

regulated by CG. When CSF-I is added to cultures of human term

cytotrophoblast, differentiation to syncytium and an increase in

hCG and hPL occurs (Garcia-Lloretetat. 1989).

EGF stimulates hCG secretion in human choriocarcinoma cell

lines (Benveniste et aI. 1978; Ritvos et at. 1988). Maruo et aI. (fgAz) and

Morrish et aL (1987) both found that EGF stimulates the release of

hPL as well as hCG from normal early placenta and thus, suggested

that EGF plays a role in the differentiation of the trophoblast and

that this resulted in increased secretion of hCG and hPL from the

syncytiotrophoblast (Morrish eÉ aL. 1987).

Ren and Braunstein (1991) have found that insulin stimulates

the production and secretion of hCG from the choriocarcinoma cell

lines, JEG-3 and Jar. They also hint that the effect of insulin may

be mediated through the IGF-IR.

Oberbauer and associates working with JAR choriocarcinoma

cells identified FGF as a potential regulator of hCGp secretion,

using a different pathway to that of EGF (Oberbauer et al. 1988). They

also suggest that FGF's ability to stimulate hCGp is independent of

its mitogenic properties. FGF appears to be produced by the

placenta and works via an autocrine or paracrine pathway to

modulate hCGp synthesis.

Review of the Literature 49



Sawai and co-workers (1995a) investigated the effect of LIF on

the differentiation of cytotrophoblasts. Differentiation was induced

by both LIF and hCG in a dose-dependent manner and btocked by

the addition of anti-hCG antibody to the culture system. Thus their

results indicate that hCG production is stimulated by LIF enhanced

cytotrophoblast differentiation. Another study by the sarne group,

examined the role of LIF at the implantation site (Sawat et at. 1995b).

Using RT-PCR and immunohistochemistry, they localised gp130,

the signal transducer receptor component shared by cytokines

such as LIF and IL-6, to trophoblasts. Both LIF and IL-6 were shown

to stimulate hCG secretion from trophoblasts and this IL-6

stimulated secretion was blocked by the addition of anti-gp130

and/or anti-Il-6 receptor antibodies. LIF stimulated secretion was

significantly inhibited by the anti-gpl3O antibody. Thus, they

conclude that as CG itself is capable of stimulating trophoblast

growth and differentiation (Shi et aI. 1993; Yagel et aI. 1989a), the

production of both LIF and IL-6 at the fetomaternal interface

stimulates trophoblasts to produce CG and this may contribute to

the maintenance of placental function. Another potential function

of LIF in CG expression has been investigated by Nachtigall and

associates (1996). Using a human cytotrophoblast culture system,

they found that LIF modulates differentiation of cytotrophoblasts

to anchoring trophoblasts, thereby increasing fibronectin secretion

and decreasing hCG secretion.
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Matsuzaki et aI. (1e92) found that TGF-p produced by the

trophoblast and not Gonadotrophin Releasing Hormone (GnRH),

induced release of hcG from normal human trophoblasts. using a

TGF-Þ sensitive cell line, Mvllu, they suggest that trophoblasts

convert latent TGF-Þ to active TGF-P at the site of implantation

and thus TGF-B acting in a paracrine manner, may modulate hCG

and implantation. Morrish et al. (1991) also investigated the effect

of TGF-p on placental differentiation, finding that TGF-P inhibits

the secretion of hCG and hPL and inhibits cytotrophoblast

differentiation.

Imakawa and co-workers (1993) cultured day L7 ovine

conceptuses with various doses of GM-CSF and found that

production of oTP-l (the analogue of CG in the sheep) mRNA and

protein was enhanced by GM-CSF.

A number of detailed reviews have been published on the

topic of culturing pre-implantation embryos (Bavister 1995; and

references therein). Comprehensive reviews also discuss the

metabolism of pre-implantation embryos (Leese 1991). Two of the

main aspects of these reviews are I) the use of endpoints in

evaluating embryonic development and 2) whether or not to use

serum in the culture medium.

1.5 In Vitro Culture of Pre-implantation
Embryos
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Most studies examine the yield of blastocysts (as a

percentage), however if embryos are collected as blastocysts, this is

a bit pointless. Other endpoints studied are: I) timing of embryonic

development, 2) hatching and attachment/'implantation' into the

plastic, 3) metabolism and output of hormones/growth factors, or

4) the ultimate endpoint, embryo transfer and production of a

viable foetus. Of the four, the latter, embryo transfer, has the most

constraints, both ethically and monetary.

Cultr:re medium and the use of serurn has been discussed at

length, especially in mail groups (EmbryoMail) on the internet.

Three types of medium are used for culture: l) 'simple' medium,

derived from early mouse culture work, 2) medium based on the

composition of oviductal fluid and 3) complex medium. These three

types of medium have all been used for culturing embryos of

rodents and domestic animals and human IVF, however, the use of

any particular type of medium is largely a matter of personal

preference. The addition of serum to culture medium may provide

many beneficial factors, including growth factors, amino acids,

vitamins and energy substrates, however, there are many reports of

serurn being toxic or having no effect on outcome (Bavister 1995; and

references therein), also serum is expensive and can vary quite

substantially from batch to batch. Serum albumin can be used

instead of serum, however, this still varies dramatically and most

serum albumin preparations are crude lyophilised fractions of

serum. A study by Caro and Trounson (1986), using protein-free

medium for human IVF embryos, found no differences in
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embryonic development and pregnancy outcome, compared to

medium with serum. However, for handling and transfer of embryos

and sperrn, a carrier protein of some form is required in the

medium. Also, serurn provides growth factors, vitamins and amino

acids, which are important for embryonic development.

Embryonic development tn uitro is slower than tn uiuo, which

implies maternal factors are involved in regulating the rate of

embryonic development. In culture, the absence of maternal

signals probably contributes to the slower development and

reduced viability of embryos. Also, factors secreted by the embryo

could possibly 'prime' the uterine epithelium for implantation of

the embryo (Hartshorne and Edwards l99l; Hearn et al. 1988a). Chorionic

gonadotrophin is the best-known example of an embryo-derived

signal.

In uitro studies involving culturing of morula and blastocysts

from the rhesus monkey and hatched and intrazonal human and

marmoset blastocysts, show that CG is secreted by the embryo

before the time it can be detected in the peripheral blood

(Dimitriadou et al. L992; Dokras et at. l99l; Hay and Lopata 1988; Hea¡n et aL

1991;Lenton etat. 1982; Lopataand Hay lg89a; Seshagiri and Hearn 1993). The

zoîa pellucida may be a barrier for the secreted CG by allowing the

retention within the perivitelline space, or blastocoelic cavity.

Thus, when hatching occurs, just before the time of implantation,

CG is released and finds its way into the maternal peripheral blood.

Moreover, the levels of CG rise rapidly once hatching and

attachment takes place (Hay and Lopata 1988; Lopata and Hay 1989a;
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Lopata and Hay 1989b). Alternatively, an efficient fetal-maternal

communication channel must be established before the secreted

CG can reach the maternal circulation (Lenton etat. t9B2).

For the human embryo, the levels of CG measured in culture

are lower than the amount found in the maternal plasma during

gestation (Lopata and Hay 1989b). Human CG secretion actually

declines after about day 10 in uitro, which may suggest that there

is a maternal factor that influences the continuing secretion of CG

from the embryo. Or perhaps the daily changing of media depletes

an embryonic factor which stimulates CG secretion via an

autocrine pathwa/ (Dokras etal. 1991).

In the Common Marmoset, mCG levels increase rapidly once

attachment has occurred. Within 3-4 days after attachment, each

embryo produces up to 24O mÍU /day (Hearn 1986).

Secretion of hCG by human blastocysts in uitro is stimulated

by the presence of serum in the medium (Lopata and Hay 1989a).

However, blastocyst formation and hatching occurs in the absence

of serum and the secretion of hCG can be delayed for a few days.

Lopata and Oliva (1993) cultured 'abnormal' human

blastocysts in serum-free medium, and then added various

supplements, to determine the influence on CG secretion. They

observed great variability between individual blastocysts. Between

Days 7 and 8 after fertilisation, the addition of PDGF induced a

marked increase in hCG production. The addition of an insulin,

transferrin and selenium mixture (ITS), resulted in a distinct

increase in hCG output from Day 7 after fertilisation. A
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concentration of |o/o human cord serum was found to be the most

effective stimulant, resulting in an initial rapid rise in hCG output.

The levels either plateaued, or continued to increase, reaching

between rooo and 4ooo mIU per 24 hours by Day L4 after

fertilisation.

The development of a culture system to investÍgate the role

of various cytokines and growth factors on cG expression and

secretion will potentially benefit in uitro fertilisation technology.

That is, the knowledge of the factors regulating cG expression and

secretion may be used to develop new serum-free fully defined

medium for the ín uttro culture of human embryos prior to

transfer. These factors may improve CG output from the cultured

embryos, improve their viability and thereby increase the rate of

successful implantation of transferred embryos.

Due to the ethical constraints governing the use of huma¡r

embryos, a number of non-human primate species have been

utilised to obtain embryos for culture. These species include the

baboon, rhesus monkey and the marmoset monkey, which is the

species utilised in this thesis.
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1.6 esis and Aims of the thesis

The female reproductive tract produces various cytokines that

affect:

a) the implantation processes and

b) embryo development.

Similar factors are also known to influence chorionic

gonadotrophin expression in human tumour cell lines and cultured

trophoblast tissue.

Thus the hy¡lothesis is that the primate embryo and maternal

uterine epithelium also produce cytokines and growth factors that

affect CG production and secretion, as well as development and

implantation of the conceptus.

Using the common marmoset (CalLithríx jaccttus) as a model,

the research aims are:

1. Characterise the onset and subsequent expression and secretion

of mCG within the primate embryo at various stages of early

embryonic development.

2. Develop and characterise assays for the detection and

quantitation of mCG expression and secretion in embryonic

tissues.

3. Use the mCG assays to determine the effect of various cytokines

and growth factors on the gene expression and secretion of mCG,

and the development of the pre-implantation embryo.
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2.L Reagents and Solutions

All reagents were of analytical grade and were obtained from

the following distributors: Ajax Chemicals (Regency Park, South

Australia), Amersham Australia (North Ryde, New South Wales),

Amrad-Pha¡macia Biotech (Australia), BDH Laboratory Supplies

(Poole, England), Beckmann Instruments (Sydney, New South

Wales), Becton Dickinson (Franklin Lakes, New Jersey, USA), Bio-

Rad Laboratories Pty Ltd. (North Ryde, New South Wales),

Boehringer-Mannheim Australia (North Ryde, New South Wales),

Bresatec (Thebarton, South Australia), CSL Biosciences (Parkville,

Victoria), Delta West Pty. Ltd. (Bentley, Western Australia),

Disposable Products (Ingle

International Inc. (Lake

Farm, South Australia), DNA

Oswego, Oregon, USA), DuPont

(Wilmington, Delaware, USA), Gibco-BRL Life Technologies Inc.

(Gaithersberg, Maryland, USA), Jurox Pty. Ltd. (Silverwater, New

South Wales), Merck (Kilsyth, Victoria), Nunc (Roskilde, Denmark),

Photographic Wholesalers (Adelaide, South Australia), Pitman-

Moore Australia Limited (North Ryde, New South Wales), Polaroid

(U.n.¡ Ltd. (St.Albans, Hertfordshire, Ðngland), Professional

Disposables Inc. (Orangeburg, New York, USA), Promega

Corporation (Madison, Wisconsin, USA), Qiagen Inc. (Chatsworth,

California, USA), Sigma Chemical Co. (St Louis, Missouri, USA),

Silenus Laboratories (Hawthorn, Victoria), Terumo (Elkton,

Maryland, USA), Trace Biosciences Pty. Ltd. (Castle Hill, New South
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Wales), Treff Lab (Degersheim, Switzerland), Whatman (Maidstone,

England)"

All items ending in an asterix appear in the Appendix.

2.2.L Møintenøn,ce

Breeding pairs of adult Common Marmosets, Caltitlríx

jacchus, of proven fertility \¡/ere housed and maintained as

described by Hearn and Lunn (1975). Oestrus cycles and ovulation

were detected by measuring levels of plasma progesterone, twice

weekly. Females (non-sedated) were placed in a restraint tube

between OSOOh and 1tQ0h (Hearn rs77) and up to O.3 ml of blood

was removed from the upper region of the femoral vein using a I

ml syringe with a 27- or 29-gauge needle (Terumo). The blood was

centrifuged in a microtainer tube with heparin (Brand plasma

separator tube with Lithium Heparin; Becton Dickinson) at 3,700

rpm for 1O minutes. Plasma progesterone was subsequently

measured by an Automated Chemiluminescence System (ACS; Ciba-

Corning). The remaining plasma was stored at -2O"C for ELISA

analysis (see Sectton 2.7).

Ovulation (Day O) represented the day before the rise in

plasma progesterone above tO ng/ml. Pregnancy was monitored by

extended high plasma progesterone levels, past Day 40 after

ovulation. Once a female was of proven fertility, that ís the female
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could get pregnant, it was assumed she was able to get pregnant every

cycle.

Female marmosets were routinely given an injection of 0.5 g

Estrumate* (Prostaglandin Fzo analogue; Jurox Pty. Ltd.) on Day 2I or

28 of their cycle, to maintain them on a constant 2l- ot 28-day cycle.

Ovulation occurred naturally between 9 and 12 days after Estrumate,

or ovulation could be induced by giving an injection of 75 IU of hCG at

the end of Day 7 following Estrumate injections, after which ovulation

then occurred within 2 days.

TWo methods of embryo collection were employed: In Melbourne,

mini-laparotomies were performed by Associate Professor Alex l,opata,

or alternatively, in Adelaide, a non-surgrcal flushing technique was used

to obtain embryos (see FigUre 2.1). On Day 2l or 28, Estrumate \Mas re-

administered to all the females to recommence the cycle.

Figure 2.1 Diagram showing experimental protocol to synchronise the

cycles of the marmoset monkeys.

Day 0 9-12 13-14 17-19 21 o¡ 28lO

Estrumate
(PGF2')

ovulate mlnl-
Laparotomy

Flushing Estrumate
(PGF2")
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2.2.2 Miní-løparotomg Procedure

Day 13-14 after Estrumate, female màrmosets, housed in

Melbourne, underwent mini-laparotomies to obtain 8-cell through

to morula stage embryos. This procedure has been described

previously by Summers et aL (1987b). Briefly, the female monkeys

were anaesthetised and the ovaries and uterus were exposed

through a small excision. Whilst the ovaries and cervix were

occluded, the uterine cavity was irrigated with I ml of Alpha

Modification of Eagles Medium (o-MEM) buffered with HEPES*

(Trace Biosciences Pty. Ltd. and Sigma) and the washings collected

through a fine cannula inserted into the fundus'

2.2.3 F:htsh:íng Hocedure

After 6-8 days of pregnancy (Days 17-19 after Estrumate),

female marmosets in Adelaide underwent a non-surgical procedure

for the recovery of uterine stage pre-implantation embryos. This

procedure has been described by Thomson, Kalishman and Hea¡n

(1994). Briefly, females were lightly anaethetised by an

intramuscular injection of alphaxalone and alphadolone (Saffan*;

Pitman-Moore Australia Limited). Their legs and tail were secured

by velcro straps and the perineal region clea¡red with a solution of

Chlorhexidine O.O l5olo, Cetrimide O.l5o/o aqueous irri$ation

(chlorhexidine gluconate O.L5 g/L, cetrimide B.P. 1.5 E/L: Delta

West Pty. Ltd.). The vaginal opening was dilated with the insertion

and removal of progressively larger lubricated (PDI sterile
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lubricating jelly; Professional Disposables Inc.) glass tubes (3 mm to

6 mm diameters).4 glass speculum (6 mm outside diameter) was

then inserted and the cervix observed with the aid of a light

source. A sterile 22-gauge metal stylet was then carefully guided

through the cervical os into the uterus. This was removed and

replaced by a l9-gauge cannula. A blunted 28-gauge needle was

introduced through the cannula into the uterus. A 5 ml plastic

syringe containing 5 ml of pre-warmed medium (o-MEM, buffered

with HEPES*) was attached to the needle and the uterus was

flushed slowly with the medium. The medium was collected in a 5

ml polystyrene tube (Disposable Products) as it returned through

the cannula. Recovered ovulation products were observed and

classified w-ith an Olympus dissecting microscope. Embryos were

usually at the morula through to hatching blastocyst stage of

development.

2.2.4 ^Eúhúcs

Experimental procedures involving the marmosets in this

thesis had approval from the Queen Elizabeth Hospital (gEH)

Animal Ethics Committee and from the University of Adelaide

Animal Ethics Committee.
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2.3 Culture of Trophoblastic Vesicles
and Marmoset Embryos

2.3.L Culture oJ Mørrnoset E;m,bryos to Troph;oblastic

Vesicles

Embryos were cultured in Alpha Modification of Eagles

Medium (o-MEM culture medium*) at 37'5"C in a humidified

atmosphere of 5o/o (v /v) COz and 95o/o (v /v) air. The culture medium

was ready made by Trace Biosciences Pty. Ltd. with Ear'les salts

and sodium bicarbonate and without L-glutamine and nucleosides.

The medium was supplemented .',¡dth L-glutamine (Gibco-BRL Life

Technologies), 5,O00 U/ml penicillin G and 5,0OO WE/rnl

streptomycin sulphate (combined - penstrep*; CSL Biosciences),

loolo heat inactivated fetal calf serum (FCS; Trace Biosciences Pty.

Ltd.) , 25 ¡tg/rnl transferrin* (Sigma) and 25 Fglml insulin* (Sigma).

The embryos were cultured in I ml of medium in 4-well plates

(Nunc), allowed to hatch and attach to the plastic. The medium was

changed and collected at three-day intervals. The collected

medium was stored at -2O"C until analysed by ELISA. Once

attachment took place, a trophoblast monolayer formed and

outgrowth of the trophoblast occurred (vesicle formation). Vesicles

were allowed to grow and expand, changing the medium at three-

day intervals. The conditioned medium was stored at -2O"C for

analysis by ELISA (see Chapter 5). During their period of growth,
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vesicles can become detached from the plastic and float in the

culture medium.

Once the vesicles attained a size of more than 3 mm in

diameter, they were micro-dissected. Micro-dissection involved

detaching the vesicle, if it was attached to the plastic and

transferring to cr-MEM, buffered with HEPES* to wash. The vesicles

were then cut into pieces using a 27 - or 29-gauge insulin syringe

(Terumo), to hold the vesicle and cutting with a long beveled 23-

gauge needle (Terumo) attached to a 1 ml syringe (Terumo). The

fragments were then transferred to cx-MEM culture medium and

allowed to culture. Over the following weeks, the fragments

attached to the plastic and/or reformed vesicles and grew. This is a

primary vesicle culttrre. Once the primary vesicles were large

enough to micro-dissect (>3 mm), secondary cultures were

established.

Trophoblastic vesicle fluid (fluid from within the vesicle) was

obtained by micropunching the vesicle with a 29 gauge needle

(Terumo) attached to a 50 ¡rl glass re-usable syringe (SGB syringe

perfection, supplied by Adelab). The fluid was stored at -2O'C for

analysis by ELISA (see Chapter 5).

2,3.2 Martnoset Trophoblastic Vesicle frø'gm.ent øn,d'

Intøct Troptlrobtøstic Vesicle Culture

Marmoset trophoblastic vesicle fragments from a secondary

culture were cultured "\rith 
selected cytokines for a period of six
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days. At the time of micro-dissection, the vesicle fragments were

cultured overnight in serum-free a-MEM medium* (Day O), before

being transferred to medium containing one of the cytokines

(discussed tn Clnpter Síx). The medium was changed, collected and

stored at -2O"C every day (Days l-6), adding fresh cytokine into the

culture system every 24 }l.o:urs. At the end of the culture period,

the medium was collected and stored at -2O"C until analysed by

ELISA and the vesicle fragments lysed for RNA extraction and

subsequent RT-PCR analysis.

Intact marmoset trophoblastic vesicles were also cultured

with selected cytokines for a period of I t days. Vesicles of similar

size were transferred to serum-free o-MEM medium* to culture

overnight (Day O), before being transferred to medium containing

one of the cytokines (d¿scussed in Chapter Six). The medium was

changed, collected and stored at -2O"C every 24 hours for the first

three days (Days I, 2 and 3) and then changed, collected and stored

at -2O"C every 2 days (Days 5,7 and 9). At Day 11, the medium was

collected and stored at -2O"C until analysed by ELISA and the

vesicles lysed for RNA extraction and subsequent RT-PCR analysis.

2.3.4 Martnoset Embryo Culture

Embryos of various stages were collected by the non-surgical

flushing technique (as described tn Section 2,2.3). Morulae were

allowed to develop to the blastocyst stage in culture medium with

serum. Blastocyst stage embryos were transferred to I ml Serum-
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free cr-MEM cultr-rre medium, overnight and then to serum-free cr-

MEM containing cytokines. The embryos were observed every day

and the medium collected and changed every two days. Two days

after attachment, the embryos were lysed for RNA extraction and

subsequent RT-PCR analysis and the medium collected and stored

at -2O"C for ELISA analysis (see Chapter 6). If the embryo

compacted or did not hatch or develop, it was still lysed for RNA

extraction and subsequent RT-PCR analysis. The medium was

collected and stored at -zO"C for ELISA analysis (see Chapter 6).

Total RNA was extracted from tissues and cells by the

method of Chomczynski and Sacchi (1987). All tissues and embryos

were either snap frozert with tiquid nitrogen and stored at -BOoC, or

immediately lysed with Solution D and stored until required at -

20'c.

2.4.L Tússue

Tissue (up to 50 m€) was pulverised in liquid nitrogen using a

mortar and pestle and transferred to an RNase-free f .5 ml

centrifuge tube (Treff Lab), with the addition of 500 pI of solution

D* to the mortar. Then sequentially, 50 pl of 2 M sodium acetate*

(Sigma), pH 4, 5OO ¡rl of water-saturated phenol* and fOO pl of

chloroform-isoamyl alcohol mixture*, were added to the mixture
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with vortexing after the addition of each reagent. The samples were

cooled on ice for 20 mlnutes and then centrifuged at 13,000 rpm

for 15 minutes. The aqueous phase, containing the RNA, was

transferred to a fresh tube and mixed with 50O ¡rl of isopropanol

(BDH) and then placed at -2O"C or -8O'C overnight, to precipitate

the RNA.

The RNA was pelleted by centrifugation for 20 minutes. The

supernatant was discarded and the pellet dissolved in 200 pl of

solution D, followed by a re-precipitation with 2OO pl of

isopropanol. The pelleted RNA was washed in 75o/o ethanol (BDH)

twice and finally dissolved in diethyl pyrocarbonate (DEPC)-treated

water*.

RNA was quantitated by recording the optical density (OD) at

a wavelength of 260 nm. The quality of the RNA was determined by

running a I pl sample with RNA loading buffer* on a l%o RNase-free

agarose/TAE* horizontal slab gel stained with ethidium-bromide*

(Boehringer-Mannheim). RNase-free gels were run in a small gel

tank (gel electrophoresis apparatus GNA-I00, Pharmacia)

connected to a LKB-GPS 2OO / 4OO power pack (Pharmacia).

Visualisation was made with an ultra-violet (254 nm) light sou¡ce.

Photographs were taken with Polaroid film 667.

A similar protocol was followed for the isolation of RNA from

cultured adherent cell lines. Briefly, cells (5-B x 106 cells) were

washed twice \Mith DEPC-treated phosphate buffered saline (PBS*)

and then lysed with the addition of 2 x 25O pl of solution D, ¿n situ.

The remaining steps are as described above.
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2.4.2 Embryos, Èophoblastic Vesicle Fvøgments ø;nd

Tl o phobl ø,s tic Vesicles

RNA extraction from embryos, trophoblastic vesicle

fragments and trophoblastic vesicles required the addition of lO0

pg of carrier baker's yeast tRNA* (Boehringer Mannheim), with the

addition of 5OO ¡r.l of solution D to lyse the cells. The remaining

steps were as described in Section 2.4.1"

2.5.L Reuerse Trønscription

Two different reverse transcriptase (RT) enzyrnes were used

for first strand complementary DNA (cDNA) synthesis: l) Avian

Myeloblastosis Virus Reverse Transcriptase (AIVIV-RT: Promega

Corporation) and 2) SuperscriptrlrlI RNaseH- Reverse Transcriptase

(SuperscriptrMII : Gibco - BRL Life Technolo gies) .

2.6 Reverse Transcriptase -Polymerase
Chain Reaction (RT-PCR) Protocols
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2.5.L.I AM\I.RT:

Complementary DNA was synthesised .from the total RNA

from Chinese hamster ovary (CHO) cells expressÍng mCG,

marrnoset placenta, skeletal muscle and pituitary. A master mix of

5x first strand buffer, together w-ith 5O0 ¡rglml oligo (dT)15 prÍmer*

(Boehringer-Mannheim), I O mM dNTP (Promega Corporation),

components required by the enzyme and 40O units of AMV-RT in a

final volume of 18 pl. Two microlitres of total RNA was added last

to the reaction tubes, which were incubated at 42'C for 5O minutes

and then heated to 95'C for 5 minutes using a thermal cycler (MJ

Research, Bresatec Limited). After cooling on ice, 2 pJ of cDNA was

added to a 23 pl PCR reaction.

Component Volume
(in uI)

Final
Concentration

5x RT buffert

dNTP mix* (ro mM)

oligo (dT)rs primer* (5oo rrglmt)

RNasin (36 U/ml)

DTT (roo mM)

Acetylated BSA (r mglml)

AMV-RT (2oo U /ttr)

waters

RNAS

4.O

2.O

1.O

0.5

2.O

2.O

2.O

4.5

2.O

lx RT buffer

lmM
25 þg

o.75 U

10 mM

rOO pg

20u

total volume 2O.O ul

t5x RT buffer (25O mM Tris-HCl, pH 8.3 (42"C), 25O mM KCl, 50 mM
MgClr, 5O mM DTT, 2.5 mM spermidine) supplied with the enzyme.
SThe volume of RNA c¿ul be increased, this is compensated for by
reducing the amount of DEPC-treated water.

RNasin (recombinant RNasin ribonuclease inhibitor; Promega

Corporation) has broad spectrum RNase
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including the inhibition of common eukaryotic RNases. DTT

(dithiothreitol; Promega Corporation) is an antioxidant used to

stabilise enzymes and other proteins containing sulphydryl groups,

it is also required for RNasin activity. Acetylated BSA (bovine

serum albumin; Promega Corporation) is also used as an enzyme

stabiliser.

2.5.1.2 SuperscriptrMll:

Complementary DNA was synthesised from the total RNA

from single embryos or trophoblastic vesicles or trophoblastic

vesicle fragments. Five or ten microlitres of total RNA and 500

þE/ml oligo (dT)rs primer* (Boehringer-Mannheim) were hybridised

at TO,C for l0 minutes and quickly chilled to 4"C using a thermal

cycler (MJ Research). The 5x first strand buffer, together with 100

mM DTT (supplied with the Superscript'rNtll), I0 mM dNTP mix*

(Promega Corporation) and 200 units of SuperscriptrMll were added

to a final volume of 20 pt. The reaction was incubated at 42"C for

52 or 92 minutes, heated to 7O"C for 15 minutes to inactivate the

errzyrne and then quickly chilled to 4'C.
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Component Volume (in
pl)

F'inal
Concentration

RNA

oligo dT primer* (5oO pglml)

water

5x RT bufferi
DTT (roo mM)

dNTP mix* (ro mM)

Superscriptrtull

5.0 or f O.O

r.o

6.O or 1.0

4.O

2.O

1.O

r.o

25 pE

lx RT buffer
10 mM

500 pM

200 u

total volume 20.O ul

t5x RT buffer (25O mM Tris-HCl, pH 8.3 (25'C),375 mM KCl, 15 mM
MgClz) supplied with the enzyme.

2.5.2 Polgmerq.se Chø:in R.eøction

Three different DNA polymerase enzymes were used for the

polymerase chain reaction (PCR): l) Pun DNA Polymerase, 2) Taq

DNA Polymerase and 3) Expandlvr High Fidelity PCR System.

2.5.2.L Puso DNA Polymerase:

Pwo DNA polymerase (from Pgrococcus usoesei:

Boehringer-Mannheim) is a highly processive 5'-3' DNA polymerase

with proof-reading activity, thus this errzyrne was used if

fidelity/specificity of the sequence was important. A master mix

was prepared containing buffer, dNTPs, primers and enzyme, as set

out below:
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Component Volume
(in pI)

Final
Concentration

lOx PCR bufferi
(supplled wlth MgSO+)

dNTP mix* (ro mM)

forward primert

reverse primerS

Pwo

DEPC-treated water

template/cDNA

lx wittr 2.0 mM

MgSOa

200-250 pM

L5-7O pmoles

L5-7O pmoles

2.5 U

0.r-rpg

2.5

o.5

r.o
r.o

o.L25

17.875

2.O

total volume 25 wl

tl0x PCR buffer (1OO mM Tris-HCI, pH 8.85 (20'C), 250 mM KCl, 50 mM
(NH+)zSOa, 20 mM MgSOa).
+forward primer - described in Chapters 3 and 4
sreverse primer - described ín Chapters 3 and 4

The mixture was overlaid with sterile mineral oil (Sigma), the

cDNA was added and then the reaction was amplified with a

thermal cycler (MJ Research) with the following parameters:

LOUPWOSS or 4O

Number of
cvcles

Step Temperature Tlme

I

35 or 40

denaturation

denaturation

annealing

elongation

94'C

94"C

60'c

72"C

5 minutes

30 seconds

30 seconds

I minute 30

seconds

5 minutesI final extension 72"C
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2.6.2.2 laq DNA Polymerase:

Taq DNA polymerase (from Thermus aquatícus BM;

Boehringer-Mannheim) is highly processive but lacks the proof-

reading activity. An amplification master mix was prepared

containing buffer, dNTPs, primers and enzyme, as set out below:

Component Volume
(in pl)

F'inal
Concentration

lOx PCR bufferi
(supplied with MgCl2)

dNTP mix* (ro mM)

forward primeri

reverse primerS

Taq

DEPC-treated waterq

template/cDNAst

lx wttrr 1.5 mM

Mgc12

2OO-25O ¡tM

L5-7O pmoles

l5-7O pmoles

2.5 U

o.r-lpg

2.5

0.5

1.O

1.0

0.125

17.875

2.O

total volume 25 wL

tlOx PCR buffer (rOO mM Trls-HCt, 500 mM KCl, pH 8.3 (20'C)' 15 mM
MgClz).
rforward primer - described in Chapters 3 and 4
sreverse primer - descríbed in Chapters 3 and 4
qThe volume of cDNA can be increased, this is compensated for by
reducing the amount of DEPC-treated water.

The mixture was overlaid by mineral oil, the cDNA added and

the reaction amplified using a therrnal cycler (MJ Research) with

the following parameters:
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LOUTASSO or 35

Number of
cycles

Step Temperature Time

I

3O or 35

94"C

94"C

55'C

72"C

72"C

2.5.2.3 ExpandrM High Fidelity PCR System:

ExpandrM High Fidelity PCR System (thermostable DNA

polymerase mixture: Boehringer-Mannheim) is a mixture of the

highly processive Taq DNA polymerase and the proof-reading Pu;o

DNA polymerase. Two master mixes are prepared, one with dNTPs,

primers and template and the second with buffer and enzyme, as

set out below.

The preparation of two master mixes avoids the enzyme mix

interacting with the primers or template without dNTPs, thus

preventing the partial degradation of the primer and template

through the 3'-5' exonuclease activity of Pun. Master Mix I minus

the template was prepared, aliquotted out into the tubes, which

were then overlaid with mineral oil before the addition of the

template. Master Mix 2 was prepared and fifty microlitres was

pipetted into the tubes. The tubes were mixed well and then

amplified with a thermal cycler (MJ Research). The amplification

parameters were as listed below (EXH0.

I

denaturation

denaturation

annealing

elongation

final extension

5 minutes

30 seconds

30 seconds

I minute

5 minutes
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Component Volume
(in rrl)

Final
Concentration

master míx 7:

dNTP mix* (ro mM)

forward primeri
reverse primerS

DEPC-treated water

template/cDNA

total volume (MMt)

master mix 2:

lOx ExpandrM buffer
Expandru erl.zyme mix
DEPC-treated water

total volume (MM2ì

2OO pM

I5-3O pmoles

f 5-30 pmoles

lx with 15 mM MgClz

2.6 U

2.O

1.O

l.o
44.O

2.O

5O.O ul

total volume
(MMl + MM2)

lOO.O pl

+forward primer - described in Chopters 3 and 4
sreverse primer - described in Chapters 3 and 4

EXHF

Number of
cycles

Step Temperatu¡e fime

I denaturation

denaturation

annealing

elongation

denaturation

annealing

elongation

ro

30

I final extension

94"C

94"C

60'c

72',C

g4"c

60'c

72"C

72"C

5 minutes

15 seconds

30 seconds

45 seconds

l5 seconds

3O seconds

65 seconds

+ 20 seconds/cycle

l1 minutes
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2.5.3 r',nølgsing PCR Products

2.5.3.1 Gel Electrophoresis:

Aliquots (tO-l5 ptl of the PCR reaction containing 3 ¡rl of 6x

DNA loading buffer* were subjected to electrophoresis in a 2o/o

agarose (Promega Corporation) I x TAE* horizontal slab gel,

containing ethidium bromide* (tO ng/ml; Boehringer-Mannheim).

Gels were electrophoresed in a Jordan Scientific gel tank

connected to an electrophoresis power supply (EPS 5OO/4OO:

supplied by Pharmacia). Visualisation was made with an ultra-violet

(254 nm) light source. Photographs were taken using Polaroid 667

film.

Two types of molecular weight markers were electrophoresed

with the samples: I KB DNA ladder and DNA Mass ladder (both

supplied by Gibco-BRL Life Technologies).

2.6.3.2 Purifying DNA from Ag¡arose:

Two kits from two different companies were used to purify

DNA from 2o/o agarose gel: Bresa-CleanrM DNA Purification Kit

(Bresatec) and QlAquick Gel Extraction Kit (glAgen). The Bresatec

kit was used when required for the majority of the experiments in

this thesis; the QlAquick kit was only used when the PCR product

was to undergo restriction enzyme digestions (see Section 2.5.3.3).

Bre s a- CLeaTtr M D/VA P uriJic atio n Kit :

The relevant bands were excised and transferred to an

eppendorf tube. The volume of DNA-containing agarose gel was
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determined, assuming a mass of I mg to be equivalent to a volume

of I pl. Three volumes of BRESA-SALTTI'| solution was added and

the agarose melted by heating the tubes at 55oC. After vortexing, 5

¡rl of BRESA-BINDTM (glass powder) was added and the tubes

vortexed and left on ice for l5 minutes. The tubes were centrifuged

for l5 seconds and the supernatant discarded. The DNA-containing

pellet was washed twice by resuspension in 50O pl of BRESA-

WASHTM. After the second wash, DNA was recovered from the glass

powder with the addition of 2O-5O ¡rl of I x TE*, by heating the

resuspended glass powder for 5 minutes at 55'C followed by

centrifugation for 30 seconds, before removing the resuspended

DNA to a fresh tube.

QIAqUíck GeI Extractíon Kit:

The relevant bands were excised from the agarose gel and

transferred to an eppendorf tube. The volume of DNA was

determined by again assuming a mass of I mg to be equivalent to a

volume of I pl. Three volumes of Buffer QG was added and the

tubes incubated at 5O'C for 10 minutes, or until the agarose had

completely dissolved. One gel volume of isopropanol was added to

the sample and mixed. The sample was then applied to a QlAquick

column that was placed in a 2 ml collection tube (both supplied

with the kit). The column was centrifuged for I minute to bind the

DNA. The flow-through was discarded and 500 ¡rl of Buffer QG was

added to the column and centrifuged for I minute, to remove all
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traces of the agarose. The flow-through was discarded. The DNA

was washed by adding 75O ¡rl of Buffer PE, to the column and

allowing the column to stand for 2-5 minutes. The column was

then centrifuged for I minute, the flow-through discarded and the

column centrifuged for a further minute, to remove any residual

ethanol from Buffer PE. The column was then placed in a fresh 1.5

ml eppendorf tube and the DNA eluted from the column by adding

50 pl of Buffer EB to the centre of the column and centrifuging for

I minute.

2.5.3.3 Restriction Enzyme Digestions:

Purified PCR products were also analysed for appropriately

sized cDNA fragments by restriction enzyme cleavage. Digestions

were performed with 0.5 - t pg of purified PCR product containing

the appropriate restriction enzyme(s) (2 - 1O units of enzyme per pg

of DNA at 37"C, for 2 hours) in the errzyrr'e buffer supplied by the

manufacturer. The restricted products were then analysed by

electrophoresis (øs desc ríbed- in Sectio n 2.5.3.1).

Analytical digests of mCG-B fragments was performed using

BamHl (Promega Corporation), which resulted in the 433 bp target

fragment being cut into two fragments of 229 and 2O4 bp, whilst

the 3f 7 IS fragment was cut into 2 fragments of 229 and 88 bp (see

Figure 2.2). Restriction eÍrzyrne digests of mCG-cr with Xba I

(Promega Corporation) resulted in the 325 bp target fragment being

cut into 2 fragments of 163 and 162 bp, whilst the 255 bp IS
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Flgure 2.3 Diagram showing the result of enzyme digesting mCG-p target

and internal standard with BamHI and, mCG-a target and internal

standard with Xba L

mCG-p target

433 bp

+ BanIII

mCG-p lnternal standard

317 bp

I + BønHI

mCCra target

325 bp

I + Xba,I

mCG-a internal standard

+ IIba I
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fragment was cut into 2 fragments of 163 and 92 bp (see Figure

2.2).

2.6.3.4 Sequencing:

Purified PCR products and purified clones were either

seqlrenced by an ABI model 373A automatic sequencer (Applied

Biosystems) by the Haematology Department at Flinder's Medical

Centre, Bedford Park, or manually by cycle sequencing. The

sequence was read by the software supplied with the sequencer

(version 2.O.1S) or manually.

CgcLe Sequenctng:

Cycle sequencing \Mas

Sequencing kit (supplied

performed using the AmpliCycle'Ijvr

by Perkin-Elmer), with ü-S3P-dÄTP

(Bresatec). For each sample to be sequenced, a 30 p.l Reaction Mix

was prepared, containing t0x cycling mix, primer, ü-33P-dr\1'P and

template.

Component Volume
(in pl)

water

primer (2O rrM)

0-33P-dATP (lo pCilpl)

I Ox cycling mix
template (1OO fmol)

23.O

r.0
l.o
4.O

r.o

3O.O ultotal volume
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Six microlitres of the Reaction Mix was dispensed into 4 tubes

containing 2 pl of each of the Termination Mixes (G, A, T, C;

supplied with the kit) which had been dispensed and stored on ice.

Each Termination Reaction mix was overlaid with 20 p.I of mineral

oil (Sigma) and placed in a preheated to 95"C thermal cycler

(Corbett). Cycle sequencing proceeded according to the parameters

below.

CucleSeq

Number of
cycles

Step Temperature Time

t denaturation

denaturation

annealing

elongation

95'C

95"C

68"C

72"C

4"C

2 minutes

I minute

I minute

I minute

<45 minutes

25

After cycling, 50 ¡rl of chloroform (BDH) was added to each

tube, to allow the aqueous phase to float to the top. The aqueous

phase was transferred to a fresh tube containing 4 ¡rl of Stop

Solution (provided with the kit) and the samples stored at -20oC or

analysed immediately. The samples were denatured by incubating

at 95'C for 3 minutes before being loaded into separate adjacent

wells of the sequencing gel, which is described below.

Sequenctng GeLs:

Sequencing reactions were resolved on 8o/o vertical

polyacrylamide, lx TBE* gels containing 7 M urea. The gel was

I
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moulded between two glass plates separated by spacers and held

together with tape (this is described in .more detail in the

AmpliCycle Sequencing kit booklet). A sequencing gel mix* was

prepared, containing acrylamide:bis [37.5: I ratio; BioRad) and urea

(BDH), which was stored at 4'C. To prepare the gel, 70-75 mls of

the sequencing gel mix was mixed well with 45O pl of LOo/o

ammonium persulphate (APS; Merck) and 75 ¡rl of TEMED (Sigma).

The acrylamide solution was poured between the sequencing plates

which were held at a 45o angle to the horizontal. The flat edge of

the Sharkstooth combs were slid 0.5 cm into the gel, 'bulldog' clips

secured around the comb and the gel allowed to polymerise for I to

2 hours. After polymerisation of the gel, the bulldog clips, tape,

combs and spacers were removed and the gel mould attached to

the electrophoresis apparatus. The two buffer reservoirs were filled

with lx TBE buffer and the top of the gel rinsed with buffer using a

I ml pipettor. The Sharkstooth combs were gently pressed down

into the gel so that the teeth barely penetrate the gel and form

wells between the teeth. The sample was prepared as described

above and loaded into the gel using'duck-bill'pipette tips.

Electrophoresis was carried out at 55 watts for 2-3 hours, after

which time the gel mould was removed from the electrophoresis

apparatus. The gel plates were separated, leaving the gel on the

longer plate, which was soaked in a solution of l Oo/o acetic acid and

lO% methanol, to remove the urea. The gel was then transferred to

blotting paper fWhatman 2 mm Chromatography Paper) and dried
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under vacuurn at 8O'C. The dried gel was exposed to x-ray film

(DuPont Cronex Video Imaging Film, DuPont), overnigiht and the

sequence read manually over a light box.

2.6.4 Image Analgsís

Image analysis was performed using NIH Image, image

analysis system (National Institute of Health, USA), combined with

a Hewlett Packard ScanJet IIc desktop scanner.

2.5.5 In aitro lrcrnscription

Two kits, both supplied by Bresatec were used for in ui-tro

transcription, that is to make DNA into RNA: Bresatec Message

Maker Kit (MMK-I) and Ambion MAXlscriptrv kit. The Bresatec

MMK-I kit was initially used, however, Bresatec suggested to use

the Ambion MAXIscriptrM kit for higher yields of RNA. Both kits ¿n

uítro transcribe purified PCR product into rcRNA using T7 RNA

polymerase.

2.5.6.L Bresatec Message Maker lfit:

The reaction was prepared in at least duplicate, as set out

below:
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Component Volume (in pI)

templates (r.O rrg)

I Ox Nucleotide/Buffer Cocktail (Tube t)

DTT (IoomM; 2)

RNase Inhibitor (z)

UTP (smvt; g)

T7 RNA polymerase (5)

DEPC-treated waters (8)

20.o

4.O

4.O

2.O

4.O

2.O

2.O

total volume 40.0 rrl

sThe volumes of template and ttnter are dependent on the amount
of cDNA present in the sample.

The in uttro transcription reaction was mixed gently and incubated

at 37oC for I hour. Two microlitres of RNase-free DNAse I (tube 6)

was added to remove the cDNA template and the reaction mixed

and incubated a further l0 minutes. The reaction was diluted with

DEPC-treated water to 1O0 ¡rl (51 frl), 100 pl of phenol:chloroform*

was added and the tubes vortexed and centrifuged for l0 minutes.

The aqueous layer was transferred to a fresh tube and 100 pl of

chloroform was added. The tubes were vortexed and re-centrifuged

for 10 minutes. The aqueous layer transferred to a fresh tube,

acidified with the addition of 20 p,l of 3 M sodium acetate* and then

ethanol precipitated by adding 2.5 volumes of 97o/o ethanol and

placing at -2O"C overnight. The RNA was pelleted by centrifuging

for 15 minutes and resuspended in 2O p"I of DEPC-treated water.

The amount of RNA was calculated by an OD reading on a

spectrophotometer (Department of Rheumatology, OEH).
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2.6.6.2 Arnbion ltfiAXlscripttt:

The reaction was prepared in at least .duplicate, as set out

below:

Component Volume (in frl)
template (2.5 rrg)

DTT (2oo mM)

ATP

CTP

GTP

UTP

l Ox buffer

RNase Inhibitor
T7 RNA polymerase

DEPC-treated water

x
2.5

2.5

2.5

2.5

2.5

5.0

2.5

2.5

a

total volume 50 pl

The volumes of x & y are dependent on the amount of cDNA
present in the sample.

The reaction was mixed gently and incubated for I hour at 37'C.

To remove the cDNA template, 2 Wl of RNase-free DNase I (supplied

with the kit) was added and the reaction incubated a further f0

minutes at 37"C.

The reaction was then diluted with DEPC-treated water to a

final volume of IO0 pl and an equal volume of phenol:chloroform

was added. After vortexing, the tubes were centrifuged for 10

minutes, the aqueous layer was transferred to a fresh tube and 100

¡rl of chloroforrn was added. The tubes were re-centrifuged for l0

minutes, the aqueous layer again transferred to a fresh tube and 20

pl of 3 M sodium acetate and 30O pl of 97o/o ethanol was added.
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After an overnight precipitation at -zO"C, the tubes were

centrifuged for 15 minutes. The supernatant was removed and the

pellet allowed to dry before being re-suspended in 20 pl of DEPC-

treated water. The amount of RNA present was calculated by an OD

reading on a spectrophotometer (Department of Rheumatology,

TgEH).

2.6.L Pr:epøratíon oJPlasmid DNA

In a total volume of 20 pl, lO pl of purified Bluescript SK*

vector, 2 ¡tl of EcoR f restriction enzyme and 2 ¡rl of lOx buffer

recommended for -ÐcoR I (Promega Corporation) were incubated for

2 hours at 37"C. The sample was electrophoresed on an agarose gel

and stained with ethidium bromide (as described in Section

2.5.3.1). After visualisation with a IJV tight source, the restricted

vector was excised from the agarose and purified using the Bresa-

CleanrM kit (Bresatec; as descríbed in Sectíon 2.5.3.2). The

restricted vector was eluted from the BRESA-BINDIrvr \Mith 20 p"I (2 x

1O pl) of TE.

2.6 Clo Of DNA ts
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2.6.2 Prepørøtion oJ DNA htsert

2.6.2.L Purifìcation of DNA Insert:

The insert PCR product was electrophoresed on a 2o/o agarose

gel, stained with ethidium bromide (as described. in Section

2.5.3.I). The expected band was excised and purified using Bresa-

ClearrrM (as described in Section 2.5.3.2), the DNA being eluted

from the BRESA-BINDTM by 40 p.l (2 x 20 pl) of DEPC-treated water.

2.6.2.2 Digestion of DNA Insert:

The purified insert (a0 pl) was incubated with EcoR I (3 pl)

and 5 pl of lOx buffer at 37"C overnight. Two microlitres of the cut

insert was electrophoresed alongside a 2 p,I sample of the uncut

insert (as descríbed tn Section 2.5.3.1), to check that the insert

was restricted.

The remainder of the cut insert was electrophoresed (as

described ín Sectíon 2.5.3.1), excised and purified using Bresa-

Cleanrrvr (as descrtbed ín Section 2.5.3.2), eluting off the BRESA-

BINDTM with 20 ¡l (2 x lO pl) of TE.

2.6.3 Ligatíorr oJf DNA FYøgment ínto Plosrrlrid DNA

The restricted Bluescript vector (l F.l) and 5 pl of purified

insert were incubated at room temperature over the weekend in

ligase buffer (2 pl) with one Weiss unit of T4 DNA ligase enzyme (2

pl; Promega Corporation) in a total volume of IO pl. A negative
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control was also set up with DEPC-treated water instead of the

insert.

2.6.4 T?anæJortnøtion o¡[E.coli JM7O9 celLs

The E.coli JMl09 cells were incubated at 37'C in l0 ml of 2x

TY broth* under constant shaking overnight. One millilitre of the

overnight culture was added to 20 ml of fresh 2x TY broth and the

cells incubated under constant shaking a further 2-3 hours to make

competent cells.

The log-phase cells were then pelleted (5,O00 rpm, 10

minutes at RT) and re-suspended in 20 ml of B0 mM calcium

chloride (CaClz*) and incubated on ice for 0.5-1 hour. The cells were

then re-pelleted and re-suspended in fresh 80 mM CaClz, ready for

transfection with plasmid DNA or ligated DNA.

One hundred microlitres of the competent cells were mixed

with the ligations (descríbed in Sectton 2.7.1.1). The cells were

incubated on ice for I hour and then " heat-shocked" by placing

them at 37"C for 5 minutes before incubating on ice.

Seven hundred microlitres of L-broth* was added to each

tube, containing the competent cells and ligations. The tubes were

then incubated at 37'C for I hour, under constant shaking. The

cells were pelleted, 5O0 ¡rl of the supernatant was removed and the

cells re-suspended in the remainder (-300 pl). This resuspension

was plated out onto LB agar plates containing O.5 mM IPTG* and 80

WE/ml X-gal* and incubated at 37"C overnight.
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2.6.5 Selectíon ol TT ansJortnønts

Standard colour selection allowed white (recombinant)

colonies to be differentiated from colonies containing the parent

vector (blue). The white colonies were picked from the plate, using

sterile toothpicks and streaked over an LB agar plate containing 50

pqlm\ ampicillin, O.5 mM IPTG and 80 pq/rnl X-gal. The plate was

incubated overnight at 37"C.

2.6.6 Screeníng for Positiue Clones

Overnight cultures were set-up by inoculating 3 ml of T-

broth* containing 50 WE/ml ampicillin with white colonies picked

from the plate with sterile toothpicks. The cultures were grown

overnight to saturation with constant shaking at 37"C. The plasmid

was purified using the QIAprep-spin Plasmid Miniprep kit

2.6.6.f QlAprep-spinPlasmidMiniprep:

The 3 ml culture \¡/as divided into two 1.5 ml eppendorf tubes

and centrifuged for 60 seconds to pellet the bacteria. The

supernatant was discarded and one of the pellets was re-suspended

in 250 ¡rl of buffer Pl. This re-suspension was transferred to the

second tube and the pellet was re-suspended, before adding 25O ¡tI

of buffer P2 to lyse the bacteria and release the plasmid. The lysate

was mixed by inversion and then incubated at room temperature

for 5 minutes. To neutralise the lysate, 350 ¡rl of chilled buffer N3

was added, the tube mixed by inversion and incubated on ice for 5
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minutes. The precipitated debris was removed by centrifugation for

lO minutes, leaving a clear lysate to load onto the QlAprep-spin

colrrmn. The lysate was applied to the column, which was in an

eppendorf tube to collect the flowthrough. The column was

centrifuged for 30-60 seconds and the flowthrough discarded. The

column was washed with 50O pl of buffer PB, centrifuged and the

flowthrough discarded. The column was then washed with 7OO pl of

buffer PE, centrifuged and the flowthrough discarded. To remove

any residual wash buffer, the column was re-centrifuged and

flowthrough discarded. The column was placed in a fresh eppendorf

tube and the DNA eluted from the column by adding 50 ¡rl of TE.

The purified DNA was collected by centrifuging the column.

2.6.6.2 RestrictionEndonucleaseAnalysis:

A small sample of purified plasmid (lO ¡rl) was incubated with

EcoR I (1.7 pl) and 10x buffer (1.3 F.l) for 2 hours at 37'C. The

restricted plasmid was electrophoresed (as described ín Section

2.5.3.1).

2.6.7 Large Sccrle Plasmid Pr:epøratíons

For the large-scale isolation of DNA of the desired plasmid, a

lalge overnight culture was set up using t50 ml of T-broth with 50

WE/ml of ampicillin. The T-broth was inoculated with bacteria from

the appropriate colony by picking with sterile toothpicks. The
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culture was incubated overnight at 37"C with constant shaking

The plasmid was purified by using the QIAgen Plasmid Midiprep

2.6.7.L QIAgen Plasmid Midiprep:

The l50 ml suspension was divided into three 50 ml Falcon

tubes (Becton-Dickinson) and centrifuged to harvest the bacterial

cells. All traces of supernatant was removed by inverting the tubes.

The pellet was re-suspended in 4 ml of buffer P t. The cells were

lysed by the addition of 4 ml of buffer P2, mixed by inversion and

incubated at room temperature for 5 minutes. The suspension was

transferred to a Nalgene tube and 4 ml of chilled buffer P3 was

added. The cells were mixed by inversion and incubated on ice for

l5 minutes. The cellular debris was separated from the plasmid by

centrifuging at 3O,00Oxg for 3O minutes at 4"C. The clear lysate

was transferred to a fresh tube. Whilst the lysate was centrifuging,

the QlAgen-tip was equilibrated with 4 ml of buffer gBT, allowing

the column to empty by gravity flow into a falcon tube. The clear

lysate was applied to the column and the plasmid allowed to enter

the resin by gravity flow. The column was washed twice '"vith IO ml

of buffer QC and the DNA eluted from the tip into a Nalgene tube

\Mith 5 ml of buffer QF. The DNA was precipitated with O.7 volumes

of isopropanol and centrifuged at 15,000 xg for 30 minutes at 4oC.

The supernatant was discarded and the tube inverted for 30

minutes to allow the pellet to dry. The pellet was re-dissolved in

200 ¡rl of TE. The amount of DNA was quantitated by OD reading

using a spectrophotometer (Department of Rheumatology, gEH).
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For the preparation of stocks f.or frozen storage, a 10 ml

culture of L-broth with ampicillin was inoculated with a colony

from the struck plate with a sterile toothpick. The suspension was

grown overnight at 37"C with constant shaking. The bacterial cells

were pelleted by centrifugation and resuspended in I ml L-broth

and I ml glycerol (ICN). After thorough mixing, the mix was

transferred to cryovials and frozen at -80'C together with a sample

of the template.

Enzyrne-linked immunosorbent assay (ELISA) is a powerful

technique applied routinely to the detection and quantitation of a

wide variety of analytes. A double antibody sandwich assay was

developed to determine the amount of antigen (mCG) in a sample.

A microtitre plate was coated with anti-rabbit

immunoglobulin (anti-rabbit IgC) which captured the primary

antibody raised in the rabbit. The standard/sample and enzyme-

conjugated secondary antibody were added. After an overnight

incubation, the unbound conjugate was washed away and

streptavidin/horse-radish peroxidase (HRP), followed by the

substrate were added. The amount of colour development was

determined by reading the absorbance on a spectrophotometer.

2.7 ELISA
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2.7.L Antíbodies

2.7.1.L PrimaryAntibody:

The primary antibody, R64, is a polyclonal rabbit antibody

raised to recombinant mCG tagged with 6 histidines (mCG-6His).

This recombinant mCG-6His protein was expressed in Chinese

Hamster Ovary cells and purified using immobilised metal affinity

chromatography (IMAC) in our laboratory (Amato et al. 1998; Simula et ol.

1995). A New 7-ealand rWhite rabbit was immunised by sub-cutaneous

multiple-site injection. Approximately 3,000 picomoles of

immunogen in complete Freund's adjuvant was injected into the

rabbit, followed by booster injections of approximately 1,000

picomoles of protein in incomplete adjuvant every 3-4 weeks. The

rabbit was bled two weeks after each immunisation and the

antibody titres were determined by testing serial dilutions of each

serum for theÍr ability to bind radiolabelled purified mCG-B.

The primary antibody was diluted I/2,OOO in assay buffer for

use in the ELISA.

2.7.1.2 Secondar5r Antibody:

The secondar5r antibody is a monoclonal anti-bovine

Luteinising Hormone-B antibody (anti-bLH-p; 5l8Bz), kindly

donated by Dr. Jan Roser, Department of Animal Science,

University of California, Davis, California, USA (Matteri et aI. 1987;

Simula et aL 1995).
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This secondarlr antibody was biotinylated using a Biotin

Labelling kit from Boehringer Mannheim. Briefly, the antibody and

D-biotinoyl-e-aminocaproic acid-N-hydroxysuccinimide ester

(biotin-7-NHs) were mixed in a molar ratio of l:tO and incubated at

room temperatrlre, with mixing, for two hours. Non-reacted biotin

was separated from the biotinylated anti-blH-p antibody by gel

filtration on a Sephadex@ G-25 column (provided in the kit).

The secondary antibody was diluted I /2,OOO in assay buffer

after biotinylation for use in the ELISA.

2.7.2 Procedure

2.7.2.1 Coating and Blocking Plates:

One hundred microlitres of coating buffer* w-ith affinity-

purified anti-rabbit immunoglobulin lI / |,25O dilution of anti-rabbit

IgG (O.9 frÉ; Silenus Laboratories) in coating buffer) was pipetted

into each well of a 96-well microtitre plate (Maxisorp: Nunc). The

plate was covered with plastic wrap and incubated overnight at 4"C.

The coating buffer was decanted and 260 ¡rl of blocking buffer* was

added and the plate incubated at room temperature for I hour. The

plate was then washed three times with 260 pl wash buffer*.
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2.7.2.2 Primary & Secondary Antibodies and Standards &

Samples:

After washing, IOO pl of R64, the primary antibody, was

added and the plate incubated at room temperature for 2 hours,

covered with plastic wrap. After washing with wash buffer (as

above), 50 pl of sample or standard: recombinant mCG dimer or

rmCG-Ê ranging in concentration from 0.01 to 24 ng/ml was added,

as well as 50 pl of the secondary antibody: biotinylated anti-blH-p.

The plates were covered with plastic lvrap and incubated overnight

at room temperature.

2.7.2.3 Colour Development and Detection:

After washing w-ith wash buffer, f 00 pl of streptavidin/horse

radish peroxidase (HRP) errzyrne conjugate was added and the plate

incubated under alfoil at room temperature for 30 minutes. The

plate was washed three times with wash buffer, followed by

deionised water. Washing was followed by the addition of IO0 pl of

freshly prepared substrate. The plate was incubated at room

temperature for approximately l0 minutes, can-efully observing the

colour development. The colour reaction was stopped by the

addition of 10O pl of stop solution and the absorbance was

measured at dual wavelengths with a spectrophotometer.
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3.1 Introduction

Chorionic gonadotrophin (CG) secreted from the embryo is

detected in the human peripheral blood between Days B-l l after

ovulation, corresponding to the expanded blastocyst stage of

development in the human (Lenton et aI. 1982). In uitro studies,

however, have shown that CG is secreted by the embryo before it

can be detected in the peripheral blood (Hay and Lopata 1988; Hearn et

a¿ 1988b). The zorra pellucida may be a barrier for the secreted CG

by allowing retention within the perivitelline space or the

blastocoelic cavity. Thus, when hatching and implantation occtlrs,

CG is released and finds its way into the maternal peripheral blood,

causing CG levels to rise rapidly (Hay and Lopata 1988). Alternatively,

hatching may allow rapid expansion of the trophoblastic tissues

with enhance CG production.

In situ hybridisation data of tripronucleate (abnormal) human

embryos has suggested the presence of hCG-B mRNA at the eight-

cell stage (Bonduelle et aL 1988). Nevertheless, whether the mRNA is

being translated into protein and what role the CG protein could be

playing at this early stage is yet to be determined.

The marmoset monkey has been used for many ye¿rrs to study

primate reproductive physiology (Hearn 1983 and references

therein). Our group has cloned and sequenced marmoset CG alpha

arrd beta (Simula et aL. 1995) and an in sttu hybridisation study by our

group (Lopata et al. 1995) has investigated the differential distribution

of mRNA for mCG-alpha and beta in implantation stage embryos of
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the marmoset monkey. Messenger RNA for mCG-p was localised to

the syncytiotrophoblast at the embryonic pole and the mural

trophoblast, whilst the mRNA for mCG-s was more uniformly

distributed in the trophoblast, in particular at the embryonic pole,

as well as in much lower levels in the inner cell mass and early

endoderm.

Currently, it is not known when CG expression and/or

secretion is first detected in the primate embryo, thus the aim of

the experiments described in this chapter was to determine the

time of onset of expression of the mCG alpha and beta subunits in

the pre-implantation embryo. This information will assist us in

determining the role of cytokines and growth factors in the

regulation of CG expression and secretion. In turn, this knowledge

will aid in improving culture conditions and viability of human tn

uitro fertilised embryos, as well as enhancing our understanding of

primate reproductive physiology.

Marmoset embryos of various stages (4-cell through to

hatching blastocyst stage; TabLe 3.I) were collected by the mini-

laparotomy method (as descrtbed ín Section 2.2.2) or by the non-

surgical flushing method (as described in Sectíon 2.2.3). Marmoset

placental tissue was collected from three different animals at

between day 55-60 of pregnancy. Marmoset skeletal muscle and

3.2 Collection of Embryos and Other Tissues
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pituitary tissue was kindly donated to us by CSIRO - Human

Nutrition. Marmoset oocytes, either denuded or with attached

cumulus cells and pieces of ovarian tissue were a kind gift of Dr.

R.B. Gilchrist and empty zona pellucida were provided by Associate

Professor Alex Lopata.

Embryos, trophoblastic vesicles, oocytes, zor:a pellucida and

marmoset tissues were placed into RNase-free centrifuge tubes (in

minimal media, in the case of the embryos, trophoblastic vesicles

and oocytes) and snap-frozen in liquid nitrogen before storing at -

80'c.

Total RNA was isolated from marmoset embryos of different

developmental stages and from marmoset trophoblastic vesicles,

oocytes and zona pellucida by the Chomczynski and Sacchi method

(as descrtbed in Sectúon 2.4.2: Table 3.I). Total RNA was extracted

from other marmoset tissues by the same method, after being

pulverised in the presence of liquid nitrogen (as described ín

Section 2.4.1). Total RNA extracted from the marmoset tissues was

quantitated using a spectrophotometer. In addition, total

placental, pituitarlr and skeletal muscle RNA was electrophoresed

through a |o/o RNase-free agarose gel in I x TAE buffer, stained with

ethidium bromide and the fBS and 28S ribosomal RNA bands

3.3 RN.â, Extraction of Embryos and Other
lissues
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visualised by viewing under ultraviolet illumination (as descríbed in

Section 2.5.3) to verify both the concentration of the RNA and its

integrity.

Table 3.1 Stage of development and number of marmoset embryos

extracted for RNA and other tissues extracted.

Stage of Development Number

four-cell

eight-cell

morula

early blastocyst

expanded blastocyst

hatching blastocyst

trophoblastic vesicle

placenta

denuded oocyte

cumulus-oocyte complex

cumulus

degenerate blastocyst

zoï).a pellucida
*pooled together

I
2

5

4

5

3

5

4

3

3

3

3

2 à1.
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3.4 tative RT-PCR

3.4.1 Oligonucleotíde Prrim,ers

3.4.1.1 mCG-g:

Marmoset CG-cx oligonucleotide primers were chosen from the

mCG-cr sequence, which was previously sequenced in our laboratory

(Simula et aI. 1995). The forward primer (oFP) corresponds to

nucleotides 22-39, whilst the reverse primer (crRP) is

complimentary to nucleotides 329-346 (see TabLe 3.2 -for

sequences). Marmoset CG-o primers were synthesised and purified

by DNA International Inc. and Gibco-BRL Life Technologies Inc. A

concentration of approximately 50 picomoles of each mCG-a

primer was used in PCR reactions. The target sequence for mCG-s

was 325 base pairs in length.

Table 3.2 Oligonucleotide sequences used for amplifying mCG-o

target.

Direction Oligonucleotide sequences Concentration

crFP

crRP

5' - G CAGCTATCATTCTGATC - 3'

5' - AAC AAGTACTGCAGTGGC - 3'

5O pmoles

50 pmoles

3.4.1"2 mCG-p:

Oligonucleotide primers for amplifying mCG-p were chosen

from the mCG-p sequence, which was previously sequenced in our

laboratory (Simula et aL 1995). The forward primer (PFP) corresponds
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to nucleotides 60-77, whilst the reverse primer (PRP) is

complimentaqr to nucleotides 478-495 (see TabLe 3.3 -for

sequences). Marmoset CG-B primers were synthesised and purified

by Beckmann Instruments, DNA International Inc. and Gibco-BRL

Life Technologies Inc. A concentration of approximately 50

picomoles of each mCG-p primer was used in PCR reactions. The

mCG-Þ target fragment was 433 base pairs in length.

Table 3.3 Oligonucleotide sequences used for amplifying mCG-p

target.

Direction Oligonucleotide s equences Concentration

PFP

BRP

5' -ATCCAAGGAGCCACTTC G- 3'

5' -TTGTGG GACTAATG GAG G - 3'

5O pmoles

5O pmoles

3.4.r.3 mGAPDH:

Glyceraldehyde-phosphate-dehydrogenase (GAPDH), a house-

keeping gene, was used as an endogenous standa¡d to establish the

integrity of the recovered cellular RNA from the embryos and

tissues. The sequence of mGAPDH is unknown, thus from

alignments of the human, mouse and rat sequences of GAPDH,

forward and reverse primers (GEcoFP & GEcoRP) were designed,

with an added EcoRI restriction site (see TabLe 3.4 Jor sequences

and Ftgure 3.2 Jor the aLignment).
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Table 3.4 Oligonucleotide sequences used for amplifying
base pair mGAPDH amplicon.

7t6

Direction Oligonucleotide sequences Concentration

GEcoFP

GEcoRP

77 pmoles

77 pmoles

The 716 base pair amplicon generated from marmoset

skeletal muscle by PCR amplification, using P¿r.ro DNA polymerase

with the GEcoFP and GEcoRP primers (as descri-bed in Section

2.5.2.1) was then digested with the restriction enzyme EcoRI (see

Section 2.5.3.3), to confirm that it was GAPDH, before cloning it

into linearised Bluescript SK* (Stratagene Cloning Systems, see

Section 2.6). E.coLí JMt09 cells were transformed with the ligated

products (see Sectíon 2.6.4). Positive transformants (see Section

2.6.5) were analysed by perforrning srnall scale plasmid

preparations (see Section 2.6.6), followed by restriction

endonuclease digestion (øs descríbed in Section 2.6.6.2).

Large scale plasmid preparations (see Sectton 2.6.7) were

performed on colonÍes containing the insert and plasmid DNA

purified by the QIAgen Plasmid Midiprep kit (QIAgen; see Section

2.6.7.1) before partial sequencing (see Section 2.5.3.4).

From the sequencing results, forward and reverse primers

(mGAPFP & mGAPRP) were determined and used for subsequent

PCR reactions at a concentration of approximately 70 picomoles

(See TabLe 3.5 Jor sequencesl.

5' - GATC GAATTC - CTTCAC CAC CATGGAGAA- 3'

5'-ATGGCCTCCAAGGAGTAA-GAATTC GATC - 3'
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Flgure 3.2 Alignment of human, mouse and rat sequences of GAPDH,

showing the position of the Geco oligonucleotide primers (Tøble 3.41

underlined in red a¡rd tJle position of the mGAP oligonucleotide primers

(Table 3.5) underlined in sreen. The position of the internal 18 base pair

sequence (Chapter Four) is underlined in

hu¡nan
mousê
rüt

o204060
GTTC GACAGTCAGC C GCATCTTCTTTIGC GTC GC CAGC C GAGC CACATC GCTCAGACÀC C

- : : : : : - : -l:i:::TtlTT8ä33tff ffi 8åffi 3 : : - - :i8ff SESt8t8ffi
I It* **l t r* t *t*l*

B0 100 120
ATC}C'OC}AAGOTGAÀGGTC GSAGTCAAC GGATTTOGTC CTTÀTTqGGC C}C CTOSTCÀC CAff }
ATG - - - - - - STGAAGGTCGGTGTGÀACGGATTTGGCCGTATTGGGCGCCTSGTCACCAGG
ATG- - - - - -GTGAÀGOTCGGTGTCA.AEOGATTTGGCCGTATTGGCCOCCIGGTCACCAGG
*ü*

140 160 r80
GCTGCTTTIAACTCTGGTAAAGTGGATATTGTTGC CATCAÀTGAC C C CTTCATTGAC C:TE

GCTOC CATTTOEACITC}GCA.ÈAGTGOAqÀTTGTTOC CATCAÀC GÀC C C CTTCÀTTGAC CTC

GCTGC CTTCTCTIGTGACAAAGTGGACÀTTGTTGC CATCAAC GAC C C CTTCATTEAC CTC
ttltt I T'

200 22tr 240
AACTACATOSTTTACAToTTC CAÀTATGATTC CAC C CATGC}CAÀATTC CATGGCÀC C GTC

AASTACATGGTCTACATGTTC CAGTATGACTC CÀCTCAC GGCAAÀTTCA.âC GGCACAGTC

AÀCTACÀTGOTCTACATGTTC CAOTATqÀTTCTAC C CAC GGCÀå'GTTCÀATOCICÀCAGTC
IT}TÌIITTIT +TTTTTTTTÌT ITTTT T} TT I} ÌITÍI TTT T TTTTI T*'

268 2BO 300
AAGSCTGÀGAAC SC}GAAGCTTSTCATCAATOGAAATC C CATCAC CATCTTC EAGGASCOA
AAOOC C GACAATGC}GAAGCTTGTCATCAAC OOGAAOC C CATCAC CATCTIC CAGSAGC OA
AÀC}GCTGAGAATGGGAAGCTGGTCATCèATGGGAÀAC C CATCAC CATCTIC CÀOGAGC qC

320 340 360
GATC C CTC CAAA.âTCAåGTGGGGC GATGCTGC'C GCTGAGTAC GTC GTGGAGTC CACTGGC

GAC C C CACTAACATCAAATSG{IGTGAGSC C OGTGCTGAGTATGTC GTGOA0TSIACTOST
OATC C C GCTAACATCAAATOOGGTOATGCTSSTGeTgAgTATCITC CTTGGAGTCTÀCTqSC
It +*r t lt !*trt rlrtr rr tÌ rt raa*rtlr *rrltr***** allt*

380 400 420
GSCTOG{IGCTCATTTGCAoGGOGGAGC CAA.åACIGGTCATC

GTCTTCAC CAC CATGGAGAåGGC C GGE GC C CACTTGAAGGSTGGAGC CAAAC GGGTCATC

STCTTCAC CAC CATGoAGAAGSCTOGGGCTCAC CTGAASOGTSSTOC CAAAAGOSTCATC

human
mouse
rat

human
nouss
rat

human
mouse
rêt

hunon
nrouse
rêt

hu¡nan
mousiê
rat

hunran
mouse
rèt
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human
MOUSê
rat

440 460 480
ATCTCTGC C C C CTCTGCTGATGC C C C CATGTTC GTCAT
ATCTCCGCCC CTTCTGC CGATOCC C C CATGTTTGTGATGGSTSTOAACCAC SAGAAÀTAT
ATCTC C OC C C CTTC C GCTGATOC C C C CATOTTTGTOATGOSTOTOAAC CÀC GAGAÀATÀT

500 520 s40
OACAÀCAGC CTCAAGATCATCAGCAATGC CTC CTGCAC CÀC CAÀCTGCTTAGCAC C C CTG
GACAÀCTCÀSTCAÀGATTGTCAGCAATGCATC CTGCÀC CAC CAÀCTECTTAGC C C C C ETG
OACAACTC C CTCAASATTGTCAGCAATGCATC CTGCAC CAC CAACTGCTTAOC C C E C CTO
*t**r* ttrtrt**

560 sEo 600
GC CAAGGTCATC CATGACAACTTTGCTTATC GTGGAAGGACTCATSAC CACAGTC CÀTGC C

GC CAAGSTCATC CATGACAACTTTSOCATTGTSGAAOGSCTCATOAC CACACITC CATOC C

GC CAAGGTCATC CATGACÀåCTTTGGCåTC GTGGA.Ê,GGGCTCATGAC CACACITC CATGC C

6?E 640 660
ATCACTGC CAC C CAOAAOACTSTSqÀTGGC C C CTC C OSSAåÀCTGTGOC CTGATGGC C OC

ATCACTGC CAC C CAGAAGACTGTGGATGGC C C CTCTGGIAAAGCTGTGGC GTGATGGC C gC

ATCACTSC CACTCASAAGÀCTSTSGATGGC C C CTCTGOAAASCTqTG6C GTGATCTOC C GC
rrlrrrr*ttt *Ìr*t*r*tlrrttttrtrrlrt ra tI ttt**rrtt*r*r**ait

680 700 720
GCIGGCTCTC CAGAACATCATC C CTOC CTCTACTGGC GCTGC CAAGGCTGTGC'OCAAGGTC

OCTSGCTOC E CASAACATCATC C CTGCATC CACTCTGTGCTGC CAAGOCToTGOqCAAGOTC
GGGC}CAGC C CAGAÂCATCATC C CTGCATC CACTOGTGCTGC CAAGGCTGTËGOCAAGOTC
*Irr*

748 76A 780
ATCECTGAGCTGAACGGGAAGCTCACTGGCATGGCCTTCCGTGTCCCCÀCTGCCÀACGTG
ATC C CAOAGCTOAÀC GGGAASCTCACTO{}CATGGC CTTC C OTGTTE CTAC C C C CAATGTG
ATC E CAGAOCTGAAC OC'GAASCTCACTOOCATqSC CTTC C OTGTTC CTAC C C C CAATSTA

Itat rr

800 g2g 840
TCAGTGqTGGAC CTOAC CTGC C CITCTAGAÀAAAC CTOC CAAATATGATGACATCAAGAÀG
TE C GTC GTGGATCTGAC GTGC C GC CTGGAGAåAE CTGC CAAGTATGATGACATCAAGAAG
Tc c GTTGTGGATCTGACATGC C OC CTC'GAGA.âAC OTOC CÀÀGIATGATGACATCAAGÀAO
t* tr trr*r *ft** ltlt+ lt t* *t*Illttrrt

860 880 900
GTGGTGAAGCAGGC GTC GGÀGGGC C C C CTCÀAGGGCÀTC CTG0GCTACACTGAGCAC CAG
GTOGTOAÀOCAOOCATCTGAOOOC C CACTGAAGGGCATCTTOOGqTACÀCTSAOGAC CAO
GTGGTGAAGCAOGC OGC C GAGGGC C CACÎÀÀAGCICICATC CTGGGCTÀCACTGAGGÀC CÀG

920 940 960
qTGGTCTCC CCCACTCCTCCACCTTT0ACqCTGGCTC}CTGGC
GTTGÎCTC CTGC GACTTCAACAOCAÀCTC C CACTCTTC CÀ,C CTTC GÀTGC C GGOGCTOOC

GTTCITCTC CTGTGACTTCAACAOCAÀCTC C CATTC CTC CÀC CTTTOATOCTOOOSCTOOC
T}TTI*}TTITT TT T*IT TT I*}T*TIT TT IT IITTTIT}T

human
nouse
ràt

human
nousê
rat

human
mouse
rat

human
mouse
rðt

human
mouse
rat

human
MOUSê
rût

human
mousê
rüt

human
mouse
rät
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human
mouse
rat

human
mouse
rat

human
mouSe
rat

human
mouËÊ
ràt

human
mouse
rat

human
mouss
rat

980 1000 1020
ATTGC C CTCAAC GAC CACTTTGTCAÀGCTCATTTC CTGGTATGACAAC
ATTGCTCTCAATSACAÀCTTTGTCAAOCTCATTTC CTSGTATGACAATGAATAC GSCTAC
ATTGCTCTCAATGACÀACTTTOTqAAOCTCATTIC STOGTÀTC}ACAATGAATATGOCTÀC

tlttt¡

1040 1060 1080

AOCAACAGGGTGGTGGAC CTCATGGC CTACATGGC CTE CAAGGÀGTAAGAAA - C C CTGGA
AGCAACAGGGTGGTSOAC CTCÀTGGC CTACATGGC CTC CAA0GAG:TAAGAAAC C C CTGGA

I}ITI}T

1100 1120 1140
C CAC CAGC C C CAGCAAGAGCACAA - GAGGAAGAGAGAGAC C CTCA - CTGCTGGGGAGTC C

ccAcccAccccAGcAAcGAcAgT--GAGCAAgAGAGCt---- -------CC
C CAC C CAGC C CAGCA.ê,GGÀTACTGAGåGCAAGAGAGAGGC C CTCAGTTGC CTGAOÀGTC C
Ittlt

1160 1180 L20E
CTGC CACACTCAGTC C C C CAC CACACTC}AATCTC C C CTC CTCACAOTTqC CATCT -AGAC
CTATCCCAÀCTCGGCCCCCA- -ACACTGAGCATCTCC - -CTCACAATTTCCATCCCAGAC
CCATCCCÀACTCAOCCCCCA- -ACACTGÀSCACTCTC -CCTCACAATT-CCATCCCAGAC
t IIT r*IÍr* ÍITTT*T I tltl

L?zO L?49 LZ6E
CCCT-TOAÀGAGGGGÀGOC}GCCTAGGGAOC CGCACCT - - - -TGTCATGTACCÀTCAATAA
C C C CATAATAACAOGAOCTCIGC CTAGCTOAOC C CTC C CTACTCTCTTGAATAC CATCÀATAA
C C CA -TAACÀÀCAGGAGGOGC CTGGCIGAOC C CTC C CT - -TCTCTC OAATAC CÀTCAÀTAA
t*I*t* *ta T

1278
ASTACCCTGTGCTCAåCC
AGTTCGCTOCACCCAC--
ASTTCGCTOCACCCTC--
*rtlllr**

*tt
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Table 3.5 oligonucleotide sequences used for amplifying mGApDH
target.

Direction Oligonucleotide sequences Concentration

mGAPFP

mGAPRP

5' - GTGAAC CATGAG AAGTAT- 3'

5' - GG ACAAC GACATC GGTTT- 3'

70 pmoles

70 pmoles

The initial oligonucleotide primers, GAPEcoFP and GAPEcoRP

correspond to nucleotides 363-380 and 1O50-f 068, respectively, of

the human GAPDH sequence and were synthesised and purified by

DNA International Inc. The mGAPDH forward and reverse assay

primers (mGAPFP & mGAPRP) correspond to nucleotides 462-480

a¡rd 10I2-IO29 of the human GAPDH sequence, respectively and

were synthesised and purified by Gibco-BRL Life Technologies Inc.

The mGAPDH target fragment was 567 base pairs in length.

3.4.2 Reuerse TFantscription

Total RNA was reverse tra¡rscribed, using oligo d(T) (as

described ín Sectíon 2.5.1.2). Briefly, 5 or 10 ¡rl of total RNA was

hybridised at TO.C for 10 minutes together with 50O pglml oligo

d(T)rs primer and then quickly chilled to 4'C. A master mix of 5x

first strand buffer, lOO mM DTT, lO mM dNTPs and 200 units of

Superscriptrvtll RNaseH- Reverse Transcriptase was prepared and

pipetted to the tubes. The reaction was incubated at 42"C for 92

minutes, before being heated to 7O'C for 15 minutes, to inactivate

the enzyme and then quickly chilled to 4'C using a thermal cycler.

The reaction was used immediately for PCR or stored at -2O"C.
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3.4.3 Polgmerclse Chøin Reølction

Marmoset CG-cr and -P and mGAPDH gene expression was

determined by amplifying the prepared cDNA from above using Taq

DNA polymerase and specific primers (as descri.bed in Section

2.5.2.2). A master mix was prepared, containing IOx PCR buffer, l0

mM dNTPs, primers (see Sectíon 3.4.1) and Taq DNA polymerase.

The 23 ¡rl reaction was overlaid vrith mineral oil, before 2 ¡i cDNA

was added. PCR was performed with negative controls (no cDNA

template) under the parameters described in Sectíon 2.5.2.2

(LOUTAQSO).

The primary PCR product was then diluted lO-fold and a 2 p.l

aliquot was subjected to a further 35 cycles of amplification

(LOWA835) in a fresh tube with the same primers and conditions

as described above.

3.4.4 C¡el Dlectrophoresis

Fifteen microlitres of the primary and secondary PCR

reactions were subjected to agarose gel electrophoresis (as

described tn SectÍon 2.5.3). After electrophoresis a polaroid

photograph was taken using LIV illumination (as described ín

Sectíon 2.5.3.1).

The PCR products were excised from the agarose, purifed (see

Section 2.5.3.2) and their identity verified by sequencing (see
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section 2.5.3.4) or by restriction enzyme digestion (see Sectíon

2.5.s.3).

Messenger RNA expression was analysed by RT-PCR of the

total RNA from embryos of different developmental stages using

oligonucleotide primers specific for mCG-cr, mCG-Þ and mGAPDH

(see Tables 3.2, 3.3 an"d 3.5). Amplification with these primers

resulted in PCR products of 325,433 and 567 base pairs in size, for

mCG-c, mCG-p and mGAPDH, respectively. The identity of the

resulting products wâs verified by sequencing and/or restriction

enzyme digestion of the purified product.

Transcription of mCG-cr (lones marlced a in Figure 3.2) was

detected in most samples, although very faintly in the 4- and 8-cell

and morula (panel A). Neither the denuded oocytes (paneL D), nor

the pooled zona pellucida (panel C) showed any mCG-o expression.

Messenger RNA for mCG-B (lanes marked B ín Figure 3.2) was

detected from the morula stage of development, although there is

variation between samples (the morulae, early blastocyst 2 and

hatched blastocyst shown in Figure 3.2 do not show expression for

mCG-Þ). The negative control sample, pooled zor^a pellucida (paneL

3.5 Results
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Figure 3.2 Qualitative RT-PCR of marmoset monkey embryos, from

the 4-cell stage through to the hatching blastocyst stage of

development and other marrnoset tissues.

The mCG-a, -p and mGAPDH products are shown in lanes ü, P and g,

respectively. Molecular weight markers (M) were the lKb DNA

ladder.

Panel A: four-cell, eight-cell, morula and early blastocyst I

Paqel B: early blastocyst 2, expanded blastocyst, hatching

blastocyst.

Panel C: trophoblastic vesicle, placenta and zona pellucida.

PaIlçl D: denuded oocyte, cumulus-oocyte complex, cumulus alone

and degenerate blastocyst.
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Figure 3.2
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C) does not show expression for mCG-p. Messenger RNA for mCG-B

was also not detected in denuded oocytes, nor degenerate

blastocysts (panet D). The expected product of 433 base pairs was

not detected in the crrmulus-oocyte complexes, instead, a product

approximately 3O0 base pairs was amplified.

The positive control house-keeping gene, mGAPDH (la¡r.es

marked g in Figure 3.2), was detected in all samples, except the 4-

and 8-cell and the negative control, zona pellucida. Other morula

have shown mGAPDH expression.

All results obtained from analysing embryos of different

developmental stages and other marmoset tissues are summarised

ln TabLe 3.6. Only one of two eight-cells showed expression for

mCG-cr. Expression of mCG-B was detected in four of five morula,

three of four early blastocysts, two of three hatched blastocysts

and three of five trophoblastic vesicles.
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Table 3.6 Summa-ry of results, showing stage of development and

number of embryos and other tissues and pattern of expression.

Stage of
Development

Expression of
No mCG-ct mCG-p

Four-cell

Eight-cell

Morula

Early Blastocyst

Expanded Blastocyst

Hatching Blastocyst

Trophoblastic

Vesicle

Placenta

Denuded Oocyte

Cumulus-oocyte
complex
Cumulus alone

Degenerate
Blastocyst
Zona Pellucida

mGAPDH

+

+

+

+

+

+

+

+

+

+

The results presented in this chapter have shown, for the

first time, the presence of mRNA encoding chorionic

gonadotrophin in early pre-implantation stage manrnoset embryos.

A recent study (Sharkey et al. 1995) investigated the stage-specific

expression of cytokine and receptor mRNA in human pre-

implantation embryos. They used a nested RT-PCR protocol,

allowing the detection of mRNA species as early as the 2-cell stage.

The experiments in this chapter use the Common Marmoset as a
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+

+ (r/2)

+

+

+

+

+

+

+

+

+

+ (4/5)

+ (3/4)

+

+ (2/3)

+ (3/5)

+

+

+

I
2

5

4

5

3

5

4

3

3

3

3

2
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primate model to determine the pattern of expression of mCG in

the marmoset pre-implantation embryo, using an RT-PCR protocol.

A previous study (Bonduelle et at. 1988) examined the onset of

expression of hCG-F in polyploid human embryos after tn uitro

fertilisation (IVF), using in situ hybridisation. They suggested that

the hCG-p gene family was prematurely activated and that their

polyploid embryos were grossly abnormal in their patterns of

transcriptional activity. However, they then suggested that

tripronucleate embryos would be a good model for studying pre-

implantation development and that the products seen were as a

result of de nouo transcription from the embryonic genome, which

is consistent with the observations of Tesarik et aL. (19s6) and

Braude et aI. (1987), who suggest that transcription only

commences after the late four-cell stage in the human.

CG-P expression is thought to be trophoblast-specific and in

uiuo expression is normally limited to differentiated cells (Gaspard et

al. t98o) However, it is well established that all blastomeres of 8-cell

mouse embryos retain their totipotenc/ (Balakier and Pedersen 1982),

as do some of the cells of mouse blastocysts (Dyce et aI. 1987; Pedersen

et aL 1986). Thus strict cell lineage specificity of gene expression

may not occur until the establishment of two distinct cell types at

the blastocyst stage (Bonduelle etaL 1988).

Unfortr:nately, only one 4-cell and two 8-cell embryos have

been analysed. This is due to the scarcity of embryos at these

stages of development. The four-cell and one of the eight-cells

showed mCG-o expression, but no mCG-Þ or mGAPDH expression.
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This expression of mCG-ø is rather precocious and has been shown

to be produced in abundance early in pregnancy in the human

before the beta subunit (Daniels-McQueen et aL. 1978; Vaitukaitis 1974).

Furthermore, it's expression is consistent with the study by Lopata

et aI. (1995), in which mCG-cr expression was observed in almost all

cell types in the implanting marmoset blastocyst, whereas, mCG-p

was only observed in a restricted number of cells. The inability to

amplify a GAPDH product in the 4- and 8-cell stage embryos, may

be due to the recovery of very low levels of RNA from these

embryos and the results may only reflect their relative abundance

at this stage of development. Hence, it may be possible that mCG-p

is also expressed at this stage.

Expression of mCG-p and mGAPDH were detected at the

morula stage and were present throughout the subsequent

developmental stages. Marmoset GAPDH expression appears to

increase as the embryo grows, which is consistent with increasing

cell numbers. The presence of mCG at these early pre-implantation

stages may indicate a possible local function for CG at peri-

implantation. Such an effect has been reported previously by

Reshef and coworkers (Reshef et aI. l99o) in which they describe local

effects of CG on the endometrium, influencing white blood cells

and altering local blood flow via receptors in the uterine tissue.

Chorionic gonadotrophin-beta has also been detected by

immunohistochemistry and Ín situ hybridisation in secretory phase

normal cyclic endometrium (Wolkersdörfer et al. 1998), however, some

of the endometrial specimens utilised could be classified as
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abnormal and so the patterns of transcriptional activity and

the authorsprotein secretion could be aberrant. Nevertheless,

suggest a paracrine role for CG in endometrial physiology. Human

CG-B has also been shown to exist in immunologically active

tissues, including respiratory tract mucosa, intestinal mucosa and

urinaqr tract mucosa (Braunstein et aI. 1979: Chen et aL. 1976) Yoshimoto

et aI. L979). Mononuclear cells are capable of secreting hCG (Nisula

and Bartocci, 1984), suggesting an immunomodulatory function for

CG (Harbour-McMenamin etaI. 1986).

Other tissues investigated, included denuded oocytes,

cumulus-oocyte complexes and cumulus cells alone. All showed

expression for mGAPDH, however expression for mCG-cr and -p was

not seen in the denuded oocytes, which indicates that CG is an

embryonic transcript. Amplification of mCG-p in the oocyte-

cumulus complexes resulted in a smaller sized PCR product than

expected. This could possibly be an alternate transcript, but this

needs further investigation.

The absence of expression of mCG-Þ in in uitro cultured,

degenerate blastocysts may suggest that mCG-F is an indicator of

viability. Moreover, low hCG levels are an indicator of abnormal

human pregnancf (Lenton etaL. l98l; Shepherd etaL. l99O).

In conchlsion, the results in this chapter have shown that

mCG is expressed in early pre-implantation maûnoset embryos

before the time that CG protein is detected within'the peripheral

blood. Thus this may indicate a possible local function for CG at

peri-implantation.
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4.t Introduction

Although chorionic gonadotrophin is known to be essential

for implantation and a viable pregnancy in primates, an

understanding of the factors regulating expression is lacking. The

lack of knowledge of CG expression at peri-implantation is due to a

number of factors, including (i) a paucity of tissue from suitable

primate models, with appropriate probes and (ii) the ethical

restrictions with the use of human embryos. The findings reported

in the previous chapter established the presence of mCG-p and -oc

gene expression at developmental stages well before implantation,

which may indicate a local mechanism of action for mCG.

The limited number of studies investigating the production

rates of CG in uítro from human and marmoset embryos, suggest

that secreted levels are lower than those predicted from ín uiuo

circulating levels, indicating that culture conditions for

mammalian embryos are suboptimal (Lopata and Hay 1989a; Lopata and

Hay 1989b). In the mouse, cultured l-cell embryos fail to progress

beyond the two cell stage, which can be overcome when co-

cultured with cells from the maternal reproductive tract. Similar

blocks have also been observed in other mammals, and indicate

possible deficiencies in the culture systems used. These data

strongly suggest that some factor(s), which may be maternally-

derived, may be lacking from the culture media necessary for

correct expression of CG. Endogenous factors such as cytokines
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and other growth factors have been shown to be produced by the

maternal reproductive tissues in a spatial and temporal manner.

Various cytokines and growth factors have been studied in

human placental cell lines and shown to alter expression of CG (Li et

ol. 1992 Masuhiro etal. l99I; Matsuzaki etaL 1992; Morrish etal. I99l;Sawai et

al. 1995a: Sawai et aI. I995b). A limited study has been carried out in

human embryos (Lopata and Oliva 1993), in which a mixture of insulin,

transferrin and selenium (ITS), platelet-derived growth factor

(PDGF) and 8-bromo-cyclic-3'-5'-adenosine mono-phosphate (g-

bromo-cAMP) were shown to influence the secretion of CG.

While the marmoset monkey has been used for many years to

study primate reproductive physiology (Hearn, 1983; and references

therein), only recently have the DNA sequences for the mCG

subrrnits been determined (simula et sL. 1995), thus, providing the

tools and information to study the genetic expression of CG in this

particular species. Therefore, the aim of this chapter is to establish

a sensitive reverse transcriptase-polymerase chain reaction (RT-

PCR) assay suitable for the assessment of CG expression in the

marmoset embryo at peri-implantation. These assays will be used

in further experiments (see Chapter 6) to determine the pattern of

expression of mCG of marmoset trophoblastic vesicles and embryos

cultured in the presence or absence of cytokines and growth

factors.

RT-PCR is a very sensitive extension of the PCR technique

for detecting low levels of mRNA and can be quantitative or semi-

quantitative by the inclusion of an appropriate competing internal

Quantitative RT-PCR 115



standard. A competitive RT-PCR assay requires that a known

amount of an appropriate exogenous recombinant RNA (rcRNA)

internal standard (IS) be added to a constant amount of target RNA.

The IS and target sequences are then reverse transcribed and

amplified in the same reaction mixture using the same primers.

The IS is distinguished from the target by its size difference and

the relative amounts of the two products can be compared.

Alternatively, a.n exogenous recombinant DNA (rcDNA) internal

standard can be added to a constarrt amount of reverse transcribed

target cDNA in a competitive PCR assay. The IS and target are then

co-amplified, under the same conditions and with the same

primers. Once again, the IS and target are distinguished from each

other by size and the relative amounts of the two can be compared.

Under competitive conditions, the absolute amount of IS

added to the reaction is equal to the amount of target, when the

molar ratios of products becomes equal for IS and target. Thus, an

equivalency point can be determined. The molar ratios of products

can be determined by UV illumination of an ethidium bromide-

stained ag¿rrose gel, or based on scintillation counting of excised

PCR-radiolabelled DNA bands from an agarose gel.

The three internal standards for mCG-p, -o and mGAPDH were all

constructed following the same protocol. Construction of the

4.2 Construction of Internal Standards
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recombinant RNA internal standard (rcRNA IS) was achieved by

first amplifying the cDNA template using the modified forward and

reverse oligonucleotide primers (Celi ei ø1. Ig93; Förster 1994; Va¡r den

Heuvel et aL. 1993) shown in Table 4.1. The forward primer, ISFP,

consisted of the T7 promoter ('17 RN,A. polymerase promoter) and

the 18 base pair forward assay primer (see Chapter Three), whilst

the reverse primer, ISRP, was composed of an 18 base pair poly

d(T) tail, an internal 18 base pair sequence and the 18 base pair

reverse assay primer (see Chapter Three). Thus, this initial PCR

incorporated a TT promoter region and a poly d(T) tail to allow for

the synthesis of a rcRNA with its own poly d(A) tail, suitable for the

competitive RT-PCR assay. Amplification with these modified

primers produced an amplicon which when amplified using the

forward and reverse assay primers (Chapter Three) would give a

product smaller than the target cDNA (Figure 4.1).

Table 4,L Oligonucleotide sequences used for constructing the

recombinant RNA internal standards, as described in the text.

Direction Oligonucleotide sequences

BrSne 5'-TAATACGACTCACTATAGG-ATCCAAGGAGCCACTTCG-3'

BISRP 5' -M-TTGTG G GACTAATGGAG G-

AGTCAGAATAGCTTCTGC - 3'

CTISFP

cTISRP

5' -TAATAC GACTCACTATAGG- GCAGCTATCATTCTGATC - 3'

5'-ffi-AAC AAGTACTGCAGTGGC-

AGTGGACTCTGAG GTGAC - 3'

mGAPISFP 5'-TAATACGACTCACTATAGG- GTGAAC CATGAGAAGTAT- 3'

5' -M- AAÁ.CCGATGTCGTTGTCC-

TGTC GCTGTTGAAGTCAG- 3'

mGAPISRP
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Flgr¡¡e 4.! Schematic diagram of ttre construction stratery for the

internal standard cDNAs for quantitative RT-PCR (not drawn to scale).

Ttre positions where the modifïed forwa¡d and reverse oligonucleotide

primers anneal, ar.e shown.

native

target

internal
standard

PCR amplified region

deleted region of target sequence

region not amplified with PCR primers

- 

S'primer

- 

3'primer
internal
sequence

- 

T7 promoter

poly d(A) tail
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For mCG-p, the internal standard was 116 base pairs smaller

than the target sequence of 433 base pairs. The mCG-oc internal

standard was 245 base pairs in length, compared to the mCG-a

target of 325 base pairs in length. The internal standard for

mGAPDH was 83 base pairs smaller than the mGAPDH target,

which was 567 base pairs in length.

The IS was amplified in a lOO ¡.rl PCR reaction, using Pt¡o DNA

polymerase and 15 pmoles of each primer (as described in Section

2.5.2.I). A master mix was prepared, containing lox PCR buffer, l0

mM dNTPs, 15 pmoles of each primer (ISFP & ISRP) arrd Pun DNA

polymerase. The 99 or 97 ¡tl reaction (mCG-Þ & -cr and mGAPDH,

respectively) was overlaid with mineral oil before I or 3 pl of

diluted template (mCG-9: P5 5OO nç/pú; mCG-g: c¿lpAx-8(+) 300

n9/pl (simula et at 1ee5); mGAPDH: pKS+/mGAPDH, 1035 nglml,

diluted ten-fold) was added. The amplification was performed in

duplicate with a negative control (no template) for 35 cycles at

6O"C annealing (LOUPWO3í: as described tn Section 2.5.2.11.

The ExpandrM High Fidelity system from Boehringer

Mannheim (ExHF system) was also used in some instances, to

amplify the IS sequence. Two master mixes were prepared, one

(Master Mix 1) containing 10 mM dNTPs, l5 pmoles of each primer

(ISFP & ISRP) and template and the other (Master Mix 2) consisting

of lx ExHF buffer and 2.6 units of ExHF errzyrne mix (as described

in Section 2.5.2.3). Master Mix I (minus the template) was

prepared and aliquotted to the tubes and the mixture overlaid with

mineral oil before the addition of the template. Master Mix 2 was
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then prepared and added to the tubes and PCR was performed in

duplicate with a negative control (water instead of template) under

the parameters described in Section 2.5.2,3 (,EXFiF).

The PCR products (both from Pun and ExHÐ were then

analysed by 2o/o agarose gel electrophoresis (d.escri"bed ín Section

2.5.3). The relevant bands were excised and purified by BresaClean

(described in Section 2.5.5.1) and a small portion of the purified

products was re-electrophoresed with a DNA Mass ladder (descrtbed

ín Section 2.5.3), to estimate the amount of product present. Five

microlitres of the purified product was re-amplified with the assay

primers (described in Chapter Three), to determine that the

purified product \Mas the correct product. To obtain more IS

product, 5 pl of the purified product was re-amplified with the IS

primers (Toble 4.1).Both of these assays were performed using a 50

pl PCR reaction, in duplicate with Pun DNA polymerase (as

descrtbed i-n Sectíon 2.5.2.11. A master mix was prepared,

consisting of lOx PCR buffer, 10 mM dNTPs, 50 or 15 pmoles of

each primer (assay primers or IS primers, respectively) and Pr¡;o

DNA polymerase. The 45 pl reaction was overlaid with mineral oÍ1, 5

pl of the purified PCR product added and then the tubes amplified

under the same conditions as above (LOUPWOSS).

The resultant PCR products were electrophoresed, the IS PCR

products were excised from the gel and purified, as above. A small

portion of the purified IS product was re-electrophoresed with a

DNA Mass ladder, as above, to determine an approximate quantity

for the in uitro transcription reaction.
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The purified IS PCR product was then tn uitro transcribed

into rcRNA using T7 RNA polymerase (as described in Section

2.5.6). The quantity of rcRNA IS was determined by an OD reading

using a spectrophotometer.

A dilution series (lO-t-t6-tt¡ of rcRNA IS was reverse

transcribed (as described in Section 2.5.1) and amplified (as

described in Section 2.5.2.21 to check the reverse transcription and

amplification efficiency of the rcRNA IS fragment. The reaction

products were electrophoresed on a 2o/o agarose ethidium bromide-

stained gel (as descrtbed tn Section 2.5.3). Once the rcRNA IS

fragment was known to amplify and dilute out, the next step was to

add a constant amount of total RNA to a dilution series of rcRNA

IS. This is described below in Section 4.3.

Some of the purified IS PCR product was not in uitro

transcribed, but kept as rcDNA for the competitive PCR assay. The

amount of rcDNA present was calculated by an OD reading using a

spectrophotometer. A dilution series (100-1O-to) of the rcDNA IS was

amplified (as described in Sectíon 2.5.2.2) to check the

amplificatÍon efficiency of the rcDNA IS fragment. The PCR

products were electrofhoresed and photographed (as described in

Section 2.5.3: Figure 4.2l.Once the rcDNA IS fragment was known

to amplify and dilute out, the next step was to add a constant

amount of cDNA to a dilution series of rcDNA IS. This is described

below in Section 4.3.
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Figure 4.2 mCG-B (a) and mGAPDH (b) rcDNA internal standard

dilution PCR.

Figure 4.2oc Lanes I-I l, ten-fold serial dilutions of mCG-B rcDNA IS

(from 2.62 x IO18 to 2.62 x lO8 copies); lane 12 contains water

instead of cDNA. Lane M contains a lKb DNA ladder.

Figure 4.2b: Lanes l-ll, ten-fold serial dilutions of mGAPDH rcDNA

IS (from 3.69 x lOrs to 3.69 x 108 copies); lane 12 contains water

instead of cDNA. Lane M is a lKb DNA ladder.
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4.3 Development of the $fuantitative ^&ssays

4.3.1 RIfÁ Pr:eparø;tion

larget RI\[A:

Total RNA was isolated from marmoset placenta, pituitary

and skeletal muscle and from Chinese Hamster Ovary (CHO) cell

lines expressing mCG-F and mCG dimer, using the Chomczynski

and Sacchi method (as descri"bed in Section 2.4). Each sample was

quantitated using a spectrophotometer (see TabLe 4.2).

Internal Standard rcRNA:

Internal standard rcRNA was prepared for mCG-B and

mGAPDH (as described tn Section 4.2) and was quantitated using a

spectrophotometer (see Table 4.2).

lable 4.2 Concentration of representative RNA samples.

RNA Sample Azøo/ Azeo Concentration
(in nelml)

Placenta

Pituitary

mCG-B expressing CHO
cells
mCG-B IS

mGAPDH IS

L.37

r. 19

r.3 r

1.50

r.47

1568

620

456

756.4

727.99
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4.3.2 Complementøry DNA Sgnthesís

4.3.2.L Competitive RT-PCR assay

Both target (native) RNA and internal standard rcRNA were

co-reverse transcribed initially by AMV-Reverse Transcriptase, in a

20 ¡i reaction (as described in Section 2.5.1.1). Briefly, a master

mix was prepared containing 5x RT buffer, f O mM dNTPs, 500

pglml oligo (dT)rs primer,36 U/ml RNasin, IOO mM DTT, I mg/ml

acetylated BSA and 4OO U AMV-RT enzyme.

To develop the assay with AN/[V RT, a constant amount of

placental total RNA or CHO cell RNA was added as the target total

RNA in 2 pI, whilst a dilution curve (for example' 10-6-10-14'

corresponding to formCG-F IS f .66 x 103 -+ 1.66 x l0rr molecules)

of rcRNA IS in 2 ¡rl was added as the IS RNA. Positive and negative

controls were also prepared: 1) target only, 2l highest

concentration of IS only, 3) another positive control RNA (for

example placenta) and 4) water only. The RT reaction was carried

out at 42"C for 50 minutes, followed by a 5 minute period at 95"C

and then quickly chilled to 4oC, ready for PCR amplification.

Chinese Hamster Ovary (CHO) cells expressing mCG-p were

diluted so that the equivalent of 12 and l2O cells were added as

target to a competitive RT-PCR assay. The cells were added to half

of the reverse transcription (RT) reaction (RT buffer, dNTP, oligo

(dT) and water) with the mCG-P IS rcRNA and heated to IOO"C for I

minute, to lyse the cells and release the RNA. The protein
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components of the RT reaction (RNAsin, DTT, BSA and A[/[V-RT)

were added and the RNA reverse transcribed, as above.

As the assay was to be used to quantitate mRNA levels from

small amounts of tissue, Superscriptrltll RNaseH- Reverse

Transcriptase was also used as the RT enzyme to develop the

assay. Thus, both target RNA and IS rcRNA (mCG-F and mGAPDH)

\Mere co-reverse transcribed by SuperscriptrMll in a 20 pl reaction

(as descrtbed in Section 2.5.1.2). BriefTy, 2 pl of target placental or

pituitary total RNA (1OO &/or 2OO ng), 2 þl of rcRNA IS and 500

VE/nl oligo (dT)rs primer were heated to 7O"C for 1O minutes and

quickly chilled to 4oC. The 5x first strand buffer, together with 100

mM DTT, 10 mM dNTP and 20O U SuperscriptrMll were added to a

final volume of 20 pls. The reaction was incubated at 42"C fot 92

minutes, heated to 7O'C for 15 minutes to inactivate the enzyme

and then quickly chilled to 4oC, ready for PCR amplification.

Trophoblastic vesicle and embryo total RNA were also co-

reverse transcribed with a ten-fold serial dilution of mGAPDH

rcRNA IS.

4.3.2.2 Competitive PCR assay

Target cDNA:

Complementary DNA was synthesised from -2OO and -27O ng

of placental total RNA, as well as from two-fifths (1O pl) the total

RNA of embryos, using SuperscriptrMll as the RT-enzyme (as

described aboue, ín Section 2.5.7.2 and Chapter Three).
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Internal Standard rcDNA:

Internal standard rcDNA was prepared for mCG-p and

mGAPDH (as described i"n Section 4.2).Each rcDNA IS was

quantitated using a spectrophotometer (see TabLe 4.3).

Table 4.3 Concentration of recombinant DNA internal standard

samples.

rcDNA IS Azao/ Azeo Concentration
(in nglml)

mCG-p rcDNA IS

mGAPDH rcDNA IS

1.53

r.69

48

52

4.3.3 Polgmera.se Ch,ø;in R.eøction

4.3.3.1 Competitive RT-PCR assay

After co-reverse transcription, 2 p,l of cDNA was added to a 23

¡rl PCR reaction, containing buffer, dNTPs, primers and DNA

polymerase (as descrtbed in Section 2.5.21. Briefly, a master mix

was prepared containing lox PCR buffer, 10 mM dNTPs, primers (as

described tn Sectíon 3.4.-l) and DNA polymerase. The PCR mixture

was overlaid 
"v'ith 

mineral oil, the cDNA added and the reaction

amplified using parameters suitable for the errzyrne. Negative

controls were also amplified, using water instead of cDNA.

Both Pun DNA polymerase and Taq DNA polymerase were

used for PCR amplification (as described ín Sectíons 4.2.1 and

4.2.2).
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4.3.3.2 Competitive PCR assay

After reverse transcription of the target RNA into cDNA, 2 þl

of target cDNA and 2 pl of rcDNA IS were added to a 2L ¡rl PCR

reaction, using Taq DNA polymerase (as describedin Section 2.5.2).

The reaction was amplified for 3O cycles with a 55"C annealing step

(LOUTAqSO).

In some cases, to enable the detection of the PCR products, a

second round of PCR was performed (as described in Chapter

Three). The primary PCR product was diluted ten-fold and a 2 ¡t"l

aliquot subjected to a further 35 cycles of amplification

(LOUTAQ7í) in a fresh PCR tube, with the same primers and

amplified with the conditions as described above.

4.3.4 Ciel Electrophoresís

Eight to twelve microlitre aliquots of PCR products were

electrophoresed on a 2o/o agarose gel, stained w-ith ethidium

bromide and photographed under UV illumination with Pola¡oid

667 film (as described in Section 2.5.3). Photographs were scanned,

inverted and analysed by NIH image (described ín Sectton 2.5.4).

4.3.5 Anølgsís

The number of molecules of each internal standard was

determined using the following formulas:
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Molecular Weight (MWt) of IS = 660 x number of bp of IS

nmoles of IS = MW't of IS + ng/ p.l of IS

Number of molecules = concentration of IS (in moles) x

dilution factor of IS x

Avogadro's Number (6 x 1023)

A sampLe calculation: assuming that the concentration of IS is 3O0

nE/wl and that the equivalency point is at the l0-6 dilution.

IS nmoles of IS No. of molecules

t

o

3

If,fürt

mCG-F

mCG-a

mGAPDH

209,220

161,700

319,440

697.4

539.O

1064.8

4.18 x 10rr

3.23 x 1011

6.39 x 10rr

NIH image aided in the determination of the optical density

of each DNA band. The optical density of each band (target and

internal standard) was plotted on a logarithmic graph against the

number of molecules of internal standard added to the reaction.

4.3.6 Results

4.3.6.1 Competitive RT-PCR assay

Initially the competitive RT-PCR assay was developed with ANIV-RT

and Pup DNA polymerase. However, as the assay was to be applied

to small cell numbers, it was also developed with a reverse

transcriptase enzyme that is more suited to small amounts of RNA:

SuperscriptrùtII.

AMtl-Reverse Transcriptase and Pruo DNA polymerase:
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Initially the level of mCG-p expressed in I and tO ng of mCG-

p expressing CHO cell total RNA was investigated, (see Table 4.4

and Fi.gure 4.3). The copy number was determined by plotting the

number of molecules of internal standard added to the reaction on

a logarithmic scale against the optical density of the PCR bands,

which was determined by NIH image. For I ng, the copy number

was determined to be 609,000 copies, whilst that for 10 ng was

6.16 x lOIo copies. Taking the amount of RNA added to the

reaction into account, the result for the lO ng assay is 6.16 x 10s

copies/ng of RNA.

Competitive RT-PCR assays to establish the sensitivity of the

assay were also performed as the assay would be applied to RNA

from small cell numbers. CHO cells expressing mCG-p were diluted

so that the equivalent of 12 cells were added as target to a

competitive RT-PCR assay. This was also carried out with

approximately l2O CHO cells as target (see Table 4.4 and Fígure

4.4).For both assays the bands on the gels ¿rre very faint and so

NIH image could not accurately determine the optical density of

the bands, thus a range of between 1.14 x lO7 and 1.14 x 1O8

copies was seen for the 12 cell assay and between I .14 x IOB and

I.L4 x lOe copies for the 120 cell assay.
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Figure 4.3 mCG-p competitive RT-PCR assays of I ng (a) and l0 ng

(b) of CHO cell total RNA expressing mCG-p, using AMV-RT and P¿oo

DNA polymerase.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Figure 4.Sou Lanes l-L2, ten-fold serial dilutions of rcRNA IS (from

9.51 x 1Or3 to 9.5I x 102 copies); lanes 13 and 14 contain only

target RNA and water, respectively. Lane M contains a lKb DNA

ladder.

Fígure 4.3b Lanes l-9, ten-fold serial dilutions of rcRNA IS (from

1.14 x lO11 to 1.14 x lO3 copies); lanes 10 and 1l contain only

target RNA and rcRNA IS, respectively. Lane M contains a lKb DNA

ladder.
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The next step was to apply the assay to RNA isolated from

mannoset placenta and pituitary tissue. For both RNA samples,

tOO ng of total RNA was co-reverse transcribed and amplified \Mith

mCG-B rcRNA IS (see TabLe 4.4 and Fígure 4.5).For the placental

RNA, the copy number was determined to be 3.I4 x loe copies and

that for the pituitary RNAwas 5.81 x 1OI2 copies. Taking the total

RNA added to the reaction into account, the copy number per ng of

RNA is 3.14 x l07 and 5.81 x lOI0 copies for placental and pituitary

RNA respectively.

Table 4.4 Results of mCG-p competitive RT-PCR assays using AMV-

RT and Pr.uo DNA polymerase.

RNA' Copy Numbers

CHO ceLls

lng
1O ng

l2 cells

120 cells

Marmoset Tissue

Placenta

Pituitary
*Equivalency point was determined by " eye-balling" the agarose

ge1.

scopy Number was determined by plotting the optical density

resolved from NIH image on a logarithmic graph against the

number of molecules of internal standard added to the reaction.
**These results were determined from the number of molecules of

internal standard added to the reaction. The bands on the gels were

too faint for NIH image to determine the optical density.

6.09 x 105

6.16 x lOro

between l.L4 x 107 &
l-L4 x lQsxx

between LL4 x lO8 &
1.14 x lQsxx

3.14 x l0e

5.81 x lOr2

Equivalency Point*

betweenlanesT&8
betweenlanesf&2
betweenlanesT&8

between lanes 6 &7

betweenlanesS&6
betweenlanes2&3
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F-igure 4.4 mCG-B competitive RT-PCR assays of 12 (a) and 120 (b)

CHO cells.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes I-L2, ten-fold serial dilutions of rcRNA IS (from 1.14 x lOra

to l.L4x IO3 copies); lanes 13 and 14 contain only target RNA and

rcRNA IS, respectively. Lane M contains a lKb DNA ladder.
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Figure 4.6 mCG-B competitive RT-PCR assays of marmoset

placental (a) and pituitary (b) tissue.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes L-7, ten-fold serial dilutions of rcRNA IS (from l.L4 x lOra to

l.l4 x 1O8 copies); lanes 8 and 9 contain only target RNA and

rcRNA IS, respectively. Lane M contains a f Kb DNA ladder.
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SuperscriptrNlll and Tøq DNA polymerase:

Initially the level of mCG-B and mGAPDH mRNA expressed in

lOO and 2OO ng of marmoset placental total RNA was investigated

(see Tabte 4.5 wrd Fígures 4.6 and 4.7). For mCG-p, the copy

number for the lOO ng assay was determined at 1.4O x lO12 copies,

whilst that for the 2OO ng assay was 1.62 x 10t2 copies. Taking the

total RNA into account, the number of copies per ng of RNA ale

1.4O x lOro and 8.10 x l0o copies. FoTmGAPDH, the copy number

for the IOO and 2OO ng assays was determined to be 2.57 x l0r3

and 2.37 x lOla copies, respectively. Based on the amount of RNA

added to each reaction, there are 2.57 x 1011 and 1.185 x 1012

copies/ng of RNA in each assay.

This was followed by a competitive RT-PCR assay for mCG-p

and mGAPDH in lOO ng of pituitary total RNA (see TabLe 4.5 and

Figure 4.8).Copy number was determined at 1.51 x lOra and 2.5O x

1O12 for mCG-B and mGAPDH, respectively. Based on the total RNA,

the results are 1.51 x 1Or2 and L.25 x lO10 copies/ng of RNA for

each assay.

The next step was to carry out mGAPDH competitive RT-PCR

assays on RNA isolated from maûnoset trophoblastic vesicles and

embryos (see TabLe 4.5 and Figure 4.9). The equivalency point can

be seen in lane 3 of Figure 4.9, which corresponds to 3.95 x 10Il

copies of mGAPDH species/trophoblastic vesicle. Competitive RT-

PCR assays were attempted with embryo RNA without success.
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F'igure 4.6 mCG-p competitive RT-PCR assays of tOO ng (a) and 200

ng (b) of marmoset placental RNA.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR ba¡rds of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes 1-6, ten-fold serial dilution of rcRNA IS (from f .66 x lOIa to

1.66x lOe copies); lanes 7,8 and 9 contain only target RNA, rcRNA

IS and water, respectively. Lane M contains a lKb DNA ladder.
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Figure 4.7 mGAPDH competitive RT-PCR assay of 100 ng (a) and

2OO ng (b) of marmoset placental RNA.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes 1-6, ten-fold serial dilution of rcRNA IS (from 2.63 x lola to

2.63 x lOe copies); lanes 7 and 8 contain only target RNA and

rcRNA IS, respectively. Lane 9 contains a different placental RNA

sample and lane fO contains water, instead of cDNA. Lane M

contains a lKb DNA ladder.
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tr'igure 4.8 mCG-p (a) and mGAPDH (b) competitive RT-PCR assays

of pituitary total RNA.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes 1-6, ten-fold serial dilutions of mCG-B or mGAPDH rcRNA IS

(mCG-þ: from 1.66 x lOra to 1.66 x lOe copies; wGAPDH: from 2.63

x IOra to 2.63 x loe copies); lanes 7 and 8 contain only target RNA

and rcRNA IS, respectively; lane 9 contains a different sample of

placental RNA. Lanes 10 and I I have water replacing RNA and

cDNA, respectively. Lane M contains a lKb DNA ladder.
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F'igure 4.9 nGAPDH competitive RT-PCR assay of trophoblastic

vesicle total RNA.

The graph below the photograph shows the number of molecules of

internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes l-6, ten-fold serial dilutions of mGAPDH rcRNA IS (2.63 x

lors to 2.63 x lO8 copies); lanes 7 and I contain only target RNA

and rcRNA IS, respectively; lane g contains water replacing RNA.

Lane M contains a IKb DNA ladder.
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rnGAPDH

lable 4.6 Results of mCG-B and mGAPDH competitive RT-PCR

assays using SuperscriptrMll and Taq DNA polymerase.

RNA Copy Numbers

lOO ng

2OO ng

lOO ng

2OO ng

pítuítary

mCG-ß 100 ng

mGAPDH lOO ng

mGAPDH onl]¡

trophobLasttc uesicLe

*Equivalency point was determined by "eye-balling" the agarose

gel.

sCopy Number was determined by plotting the optical density

resolved from NIH image on a logarithmic graph against the

number of molecules of internal standard added to the reaction.

4.3.6.2 Competitive PCR Assay

The level of mCG-p cDNA was quantitated in ma¡moset

placental cDNA, which had been reverse transcribed from -27O ng

of placental RNA, whilst mGAPDH cDNA levels were quantitated in

placental cDNA which had been reverse transcribed from 200 ng of

placental RNA (see Table 4.6 and Ftgure 4.1O). The equivalency

point for the first assay was seen between lanes 1 and 2, which

equals approximately 2.45 x l0rr copies of mCG-B species; this

corresponds to 9.O7 x lO8 copies/ng of RNA. For the second assay,

the equivalency point \Mas seen between lanes 2 and 3, equalling

1.4 x 1012

L.62 x LOr2

2.57 x l0r3

2.37 x lOra

1.51 x lola
2.5 x LOr2

3.95 x 10rI

Equivalency Point+

betweenlanesS&4
lane 3

lane 2

betweenlanesl&2

lane 3

lane 2

lane 3
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3.17 x 1Or4 copies of mGAPDH species, which corresponds to 1.585

x 1012 copies/ng of RNA.

The level of mCG-B \Mas then investigated in cDNA

synthesised from a single morula and a single expanded blastocyst

(from Chapter Three). A second round of amplification was required

to enable clearer visualisation of the DNA bands (see Table 4.6 and

Figure 4.11). Marmoset CG-P was estimated at 2.1O x los and 2.60

x lOe copies in the morula and expanded blastocyst, respectively.

Table 4.6 Results of mCG-p and mGAPDH competitive PCR assays

cDNA Copy Numbers

ptacenta

mCG-ß

mGAPDH

mCG-ß onl]¡

morula

expanded bLastocgst

*Equivalency point was determined by " eye-balling" the ag¿rrose

gel.

scopy Number was determined by plotting the optical density

resolved from NIH image on a logarithmic graph against the

number of molecules of internal standard added to the reaction.

2.45 x lOIl
3.17 x lOra

2.lO x 10e

2.60 x lOe

Equivalency Point+

betweenlanesl&2
betweenlanes2&3

betweenlanesS&4
betweenlanesS&6
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Figure 4.1O mCG-p (a) and mGAPDH (b) competitive PCR assay of

placental cDNA. Below each photo is the analysis by NIH image.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes l-6, ten-fold serial dilutions of rcDNA IS (mCG-p: from 2.62 x

1011 to 2.62 x 1O6 copies; nGAPDH: from 3.69x lO15 to 3.69 x 1O10

copies); lanes 7 and 8 contain only target cDNA and rcDNA IS,

respectively. Lane I contains a different cDNA sample (mCG-þ:

trophoblastic vesicle; nGAPDH: placenta). Lane M contains a lKb

DNA ladder.
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Figure 4 10
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F'igure 4.LL mCG-p competitive PCR assay of a morula (a) and an

expanded blastocyst (b). Below each photograph is the analysis by

NIH image.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.

Lanes 1-6, ten-fold serial dilutions of rcDNA IS (morulcu from 2.62 x

l0i1 to 2.62 x 106 copies; expandedblastocyst: from 2.62 x 108 to

2.62 x 1O3 copies); lanes 7 and 8 contain only target cDNA and

rcDNA IS, respectively. Figure 4.1la: lane 9, contains water. Fi-gure

4.11b: lanes I and fO contain trophoblastic vesicle cDNA and

water, respectively. Lane M contains a lKb DNA ladder.
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4.6 Discussion

This chapter has described the development of a competitive

RT-PCR assay for quantitating mCG-B and mGAPDH mRNA

expression, in a variety of marmoset tissues.

Due to potential problem with amounts of RNA recoverable

from marmoset embryos an alternative, competitive PCR assay was

also developed. These two assays will subsequently be used to

detect any changes in the amount of mRNA being expressed by the

embryo in the presence or absence of cytokines and growth factors

(Chapter S¿x). Moreover, as the amount of RNA recovered from an

embryo is so small, a second round of amplification was required to

enable visualisation of the PCR products.

Both mCG-p and mGAPDH rcRNA internal standards reverse

transcribed and amplified efficiently and diluted out when a ten-

fold serial dilution of the IS was reverse transcribed and amplified.

P¿uo DNA polymerase was found to be the best DNA polymerase to

do the initial amplification because it has proof-reading activity.

Unfortunately, the mCG-u rcRNA IS did not seem to amplify

correctly from the template. Furthermore, when it was purified

from the agarose and re-amplified with both the assay and IS

primers, it amplified inconsistently. Another enzyme was tested

(Expand High Fidelity), but the mCG-s IS still did not seem to

amplify consistently. Moreover, the mCG-cr rcDNA IS did not

amplify and dilute out when a ten-fold serial dilution PCR was

done, therefore a mCG-cr quantitative assay was not developed. As
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can be seen in Figure 4.2, the mCG-B and mGAPDH rcDNA IS

diluted out when a ten-fold serial dilution PCR was done.

Initially', the enzymes AMV-RT and Pup DNA polymerase were

used to develop the competitive RT-PCR assay, however, during the

qualitative RT-PCR project (Chapter Three), it was discovered that

AMV-RT was not efficient at reverse transcribing RNA from small

cell numbers and so Superscriptrull was used. Also, Taq DNA

polymerase was found to be more time- and cost-effective than Pr¡o

DNA polymerase, as well as more suited to the annealing

temperatures of the assay primers. Nevertheless, the results for the

competitive RT-PCR assay using both sets of enzymes on two

different pituitary RNA samples were consistent, as can be seen in

TabLes 4.3 & 4.4 and Figures 4.5b & 4.8a. The competitive RT-PCR

using the two sets of enzymes for the placental RNA were not as

consistent with an approximately lOO-fold difference between the

two results (see Tables 4.3 & 4.4 and Fígures 4.5a &, 4.7a). Two

different placental RNA samples were used, thus assay variations

could explain the difference in copy number. The results obtained

from AIvIV-RT and Pr-uo DNA polymerase have been reported in the

literature (Gameau etqt. 1995). In that study it was reported that there

was a looo-fold higher level of mCG-p-like species in the marmoset

pituitary compared to the placental RNA sample. Both products

'were sequenced and as the product from the pituitary had the

sarne sequence to the published placental mCG-B sequence (simula et

aI. 1995) and that it was consistently the only product obtained, it

may indicate that the marmoset may have an LH-p subunit peptide
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which is structurally similar to mCG-B with the C-terminal

extension.

Changing the concentration of target CHO cell RNA changes

the amount of IS required to achieve equivalency, as can be seen in

Figure 4.3, although the increase in copy number was surprising.

The CHO cells were also used to demonstrate the sensitivity of the

competitive RT-PCR assay, by using the equivalent of 12 or l2O

cells as target (see TabLe 4.3 and Figure 4.4). This change in cell

number also proportionately increased the amount of IS required to

achieve equivalency. Unfortunately, the photographs were very

faint and accurate quantitation could not be performed. As can be

seen in Figures 4.6 and 4.7, changing the concentration of

placental RNA from lOO to 2OO ng, as above, changed the amount

of IS required to achieve equivalency in both the mCG-B and

mGAPDH competitive RT-PCR assays. However, the mCG-B assays

did not change the equivalency as expected (a factor of f.f6

increase in copy number compared to an expected factor of 2

increase). The copy number for the 2OO ng mGAPDH assay

increased by a factor of 9.22, compared to the lOO ng assay, which

is substantially more than the expected factor of 2 increase. The

reason for these discrepancies is unknown, it could be assay

variation, but it highlights the limitations of these assays.

Marmoset trophoblastic vesicles and embryos were the next

RNA samples investigated. The RNA was not quantitated by

spectrophotometer, as there was so little RNA present and a second

round of amplification was required, similar to the qualitative RT-
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PCR (see Chapter Three) to enable clearer detection of the pcR

products, especially the target. As trophoblastic vesicles consist of

cytotrophoblast cells and do not usually express mcG-p, only the

mGAPDH competitive RT-PCR was done (see Figure 4.gd. However,

a few vesicles have been found to express mCG-p and competitive

RT-PCR assays have been attempted, but the vesicles do not

consistently give good results. The competitive RT-PCR assay was

subsequently tested on marmoset embryos, however, under the

current conditions was not sensitive enough tp quantitate the

limited amount of mCG-B mRNA, even though mGAPDH mRNA was

able to be quantitated (see Figttre 4.9b). Thus, a competitive PCR

assay was developed \Mith placental cDNA and tested on

trophoblastic vesicle fragments, trophoblastic vesicles and finally,

on marmoset embryos. This competitive PCR assay was used to

quantitate the amount of mCG-B within the marmoset embryo at

two stages of development (morula and expanded blastocyst). It

was found that embryos have a variable level of gene expression

and are thus, very individual and that gene expression is

dependent on the viability of the embryo.

The competitive (RT-)PCR assay is a powerful and sensitive

tool for assessing the relative abundance of mRNA in tissue from

which little RNA can be obtained. Furthermore, wit.h the analysis of

an appropriate reference mRNA species by the same method, it is

possible to monitor changes in the levels of expression of genes in

very limited tissue samples. While these assays may not reflect an

accurate measure of the level of mRNA copies in the various
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tissues tested, it is possible to use the assay to assess the impact

of factors on CG expression in relative terms.
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Chapter Five
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5.1 Introduction

until recently, the methods available for monitoring mcG

levels throughout pregnancy of the marmoset monkey and in early

cultured marmoset embryos were limited to expensive and labour

intensive bioassays. one assay, developed by Ziegler and associates

(1986), was an ín uttro bioassay using mouse leydig cells. It is very

sensitive and able to detect hCG levels as low as f00 pglmt

(seshagiri and Hearn 1993). An alternative assay, an in vitro bioassay

forLI{/CG, developed by Ascoli (t98l), uses a cell line derived from

a mouse leydig cell tumour. We have used this bioassay in our

laboratory, monitoring bioactive mCG (Simula erat. 1995).

Although sensitive, the bioassays are much more labour-

intensive and can not distinguish between CG and LH. With

specific immunoassays, there is the possibility of measuring CG or

LH independently. Chambers and Hearn (1979) and Ziegler et aL.

(tg86) have described heterologous antibody radioimmunoassays

(RIA) for mCG using polyclonal antisera. Recently, a mouse

monoclonal antibody, raised against the C-terminus of bovine LH-P,

has been characterised and found to crossreact with both human

and marmoset CG/LH (tvtatteri et aI. 1987: Ziegler et aI. 1993; Rosenbusch et

aL. 1994; Simula et aI. 1995). This monoclonal antibody has been used

to develop a simple competitive RIA (Ziegler et al. 1993), which is Iess

sensitive than the mouse leydig cell bioassay (Seshagiri, and Hearn

1993). This antibody has also been the basis of the assay we

developed.
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Enzyme-linked immunosorbent assay (ELISA) is a powerful

technique routinely applied to the detection and quantitation of a

wide variety of analytes. In classical ELISA, antibodies for an

antigen are detected in fluids. The ELISA we devcloped was a

double antibody sandwich assay. The plastic microtitre plate was

coated with anti-rabbit immunoglobulin which captured the

primary antibody, a rabbit polyclonal raised against 6-Histidine-

tagged recombinant mCG (R64). The sample was then added and

any antigen present bound to the polyclonal antibody. After

washing, which removed any unbound antigen, a biotinylated

secondar5r antibody (monoclonal anti-bovine LH-p' 51887) was

added. A second wash, to remove any unbound labelled antibody,

was followed by the addition of a substrate for development of the

colour. The amount of colour was directly proportional to the

amount of antigen present in the sample.

The combination of the specific monoclonal antibody for bLH-

Þ and the polyclonal antibody for mCG makes this ELISA sensitive

and specific for mCG and able to detect the small amounts of

protein secreted by marmoset embryos.

Thus, the aim of the project described in this chapter was to

characterise the mCG ELISA, for specificity and sensitivity, using

recombinant mCG and marmoset biological fluids.
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6.2 Materials and Methods

The detailed procedure for the ELISA is found in Chapter

TrDo, Sectíon 2.7. The development and characterisation of the

ELISA has been described in the literature (Amato et at. r99B).

However, some of the characteristics are included in this section.

6.2.L SensÍúívitg oJ th,e ELIS,A

The sensitivity of the assay was determined by performing

assays with various concentrations pf the standard. The standard

was either rmCG dimer or rmCG-p ranging from 0.Ol to 24 ng/ml.

CG levels were also measured by the ELISA in 27 medium samples

collected from trophoblastic vesicle cultures and compared with

CG levels measured by the bioassay (MA 10 cell assay: simula et aL.

I es5).

6.2.2 Recoveries Jrom th,e ELISA

Marmoset plasma, urine and embryo cultr,u'e medium were

spiked with three different concentrations (range 2.38 - 1f .9

ng/ml) of rmCG. ThÍs was done in triplicate and the results tested

against the expected value using the paired t-test.
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5.2.3 Crossreøctíuítg utith Other

Grolnødotroph;in-s

The cross-reactivity of related molecules was tested, on a

molar basis. The following gonadotrophins were used: baboon LH

(baLH) and its beta subunit (bal.H-p), cynomolgus monkey LH

(moLH) and its beta subunit (moLH-Þ), baboon FSH (baFSH),

cynomolgus monkey FSH (moFSH) and hCG.

6.2.4 Pø;rø,llelísr¡n

Extracts of placenta and pituitaries, pregnant manrnoset

urine and plasma, recombinant mCG (rmCG) and its beta subunit

(rmCG-Þ), 6-histidine tagged mCG (rmCG-6His) and media collected

from cultured trophobtastic vesicles were serially diluted. These

dilutions were assessed for immunoactivity and the slopes of the

dilution curves compared using statistical analyses. Firstly, a

linear analysis of each dilution curve was performed, then,

secondly the resulting B values (the slope) and its standard error

were subjected to the Student's t-test.

5.2.5 Collection of Biologicøl FluÍds

5.2.6.L Ma¡moset Monkey Plasma

Plasma from cycling or pregnant female marmoset monkeys

was obtained by taking blood (O.2 - 0.4 ml) from the femoral vein

up to three times a week (as d.escríbed in Section 2.2"I). Plasma
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was also obtained from cycling monkeys around the time of

ovulation

6.2.õ.2 Trophoblastic Vesicle and Embryo Culture Medium

Embryos were collected by the non-surgical flushing

technique (as described i.n Sectíon 2.2.3) and cultured through to

the trophoblastic vesicle stage. Four embryos were cultured

individually in I ml of medium in 4-well plates (Nunc), allowed to

hatch and attach to the plate. The medium was changed after the

first day of culture and subsequently every three - five days.

Medium was also collected from individual trophoblastic vesicle

cultures. Some vesicles were micro-punctured to obtain the fluid

within the vesicle, which was also investigated for mCG protein.

5.3.1 Sensiúíaitg of th,e ELISA

The sensitivity of the assay was 103 pglmI (5.2 pglwell) for

mCG-Þ and 476 pq/rnl Qa pg/well) for mCG dimer. The inter-assay

variation measured in culture medium containing mean levels of

1.6, f t.6 and 18.25 ng/rnl of recombinant mCG was 16, 13'5 and

9.8 o/o, respectively. The CG levels measured by ELISA were also

compared to levels determined by bioassay. Twenty-seven

trophoblastic vesicle media samples were assayed and the results

5.3 Results
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from the ELISA correlated well with those from the bioassay

(correlation coefficient O.9672)

5.3.2 Recoaeriesfrom th'e ELÍSA

The mean recoveries of rmCG spiked in triplicate at three

different concentrations (range 2.38 - If .9 ng/ml) in marmoset

plasma, mannoset urine and embryo culture medium were 92o/o (85

- lOOo/o; p = O.O827), l|2o/o (I03 - L23o/o; P = 0.1499) and lO4o/o (89 -

l18o/o; p = O.f499), respectively.

5.3.3 Crossreøctiuitg with- Other

funødotropleitts

The cross-reactivity of related molecules was tested, on a

molar basis, measured at 3Oo/o signal to noise ratio (that Ís the

concentration of hormone which resulted in an OD reading, above

background, of 3Oo/o of the maximum OD reading obtained with

recombinant mCG). Shown in Figure 5.1 is the dose-response

curves of the related molecules as listed in Section 5.2.3. The 3Oo/o

signal to noise ratio for rmCG, baLH, bal-H-p, moLH, moLH-B'

baFSH, moFSH and hCG compared to rrnCG-B is 23, O.O7' 2'3,

<O.O7, O.2L, <O.07, <O.O7 and <O.OO7o/o, respectively.
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Flgurc 5.1 Crossreactivity of rel¡ated gonadotrophins: recombinant mCG

(rmCG), its beta subunit (rmCGb), baboon LH (baLH), its beta subunit

(bal.Hb), cynomolgus monkey LH (moLH), its beta subunit (mol,Hb)'

baboon FSH (baFSH), cynomolgus monkey FSH (moFSH) and huma¡t

cG (hcc; CR127).
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Ftgure 6.2 Dilution cun¡es of mafmoset pituitary and placental

extracts, pregnant marmos¡et urine and plasma, rmCG, its beta subunit,

6-histidine tagged mCG and culture medium from trophoblastic

vesicles.
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5.3.4 Pqrø.llelí,,sm

Extracts of placenta and pituitaries, pregnant marmoset

urine and plasma, recombinant mCG (rmCG) and its beta subunit

(rmCc-p), G-histidine tagged mCG (rmCG-6His) and media collected

from cultured trophoblastic vesicles vr'ere serially diluted. These

dilutions resulted in regression lines with slopes that were not

statistically significantly different (p > 0.05i see Figure 5.2).

5.3.5 mCG Protein ín Monkeg Plasmø

5.3.5.1 mCG Protein during Pregnancy

The ELISA measured mCG protein in the plasma of one

monkey from approximately Day 58 after ovulation to Day IOO and

from two monkeys from the start of pregnancy through to

approximately Day 43 or 44 of pregnancy. These results are shown

in Figures 5.3 - 5.5 with the corresponding progesterone levels'

Plasma progesterone levels were measured for the entire

pregnancy of the first monkey (Speedy) and as can be seen in

Figure 5.3, it has a peak at approximately Day 57, it declines and

plateaus and then steadily increases late in pre$nancy. Just before

partgrition the plasma progesterone level decreases dramatically.

Plasma mCG has a peak at approximately Day 83 and then declines

over the following weeks.
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Ftgure 5.3 mCG secretion in marmoset plasma from Speedy #38 from

day 58 after ovulation through to parturition compared to the level of

plasma progesterone.
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The profile of plasma progesterone for the other two monkeys

(Isabel: Ftgure 5.4 and Tuppy: Fígure 5.5) is similar. The level of

plasma progesterone rises at ovulation, peaking at approximately

Day 6-7 after ovulation. The levels then fluctuate and <lecline.

Plasma mCG levels are slightly different between the two animals.

Marmoset CG is not detected until Day 2l in plasma from Isabel,

whilst mCG was detected from Day 7 in plasma from Tuppy. In

both, the levels increased after first detection.

5.4.1.2 mCG Protein at the fime of Ovulation

Some monkeys were bled at aror¡nd the day of ovulation

(between days 9-L2 of the synchronised cycle). These results are

shown in Fúgures 5.6 and 5.7 wit}r the corresponding progesterone

and bioassay results. ln Figure 5.6, mCG was detected only at the

time of expected ovulation in two different cycles from the same

animal (b and c). Marmoset CG was detected at the time of

expected ovulation in Figure 5.6a and at much lower levels after

expected ovulation. Marmoset CG was also measured in three other

animals at the time of expected ovulation only (see Figure 5.7).
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Flgu¡e 5.6 mCG/mLH in plasma from Isabel #55 at the time of

ovulation, comparison between ELISA and bioassay results. The level of

plasma progesterone is also shown.
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Flgr¡re 5.? mCG lmLH in plasma from three mannosets (Cindy #54'

Tuppy #650 & Sophia #657l. at the time of ovulation, comparison

between ELISA and bioassay results a¡rd level of plasma progesterone.
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5.4.2 m:CG Proteln ln Culfire

6.4.2.L mCG Protein Secretion by Embryos

Four embryos collected at various stages (from the late morula to

the hatched blastocyst stage) were cultured through to attachment and

formation of trophoblastic vesicles. The ELISA detected mCG protein

prior to attachment and up to 48 days in culture. Ttre maximum level

\Mas measured immediately after attachment (see Figure 5.81.

Ftgrrrc 5.8 Secretion of mCG from four embryos cultured in vittp from

the stage of collection shown until after trophoblastic vesicle formation.
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6.4.2.2 mCG Protein Secretlon by Trophoblastic Vesicles

Marmoset CG protein was measured in vesicle fluid (fiuid within

the vesicle) at much higher levels than the surrounding medium (87.6

ng/ml cf. o.93 ng/rnl; see Figure 5.91. Protein secretion of mCG in

medium of trophoblastic vesicles was also determined by ELISA (see

Figpre 5.101. Most of the large vesicles (t1.5 mm) showed protein

secretion.

Flgure 5.9 Comparison of the level of mCG detected in vesicular fluid

and tJle medium surrounding the vesicle.
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Flgure 5.1O Secretion of mCG from a number of trophoblastic vesicle

cell lines cultured in 4-well plates. The amount of mCG detected is

shown from media collected three times over I days.
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5.5 Discussion

This chapter has described some of the characteristics of the

mcG ELISA, which is specific for mcG. The actual procedure has

been published recently (Amato et aI. 1998) and is described in

Chapter Ttao.

The cross-reactivity of the ELISA to other gonadotrophins,

including LH, LH-p and FSH from the baboon and cynomolgus

monkey and hCG was tested. The low cross-reactivity of the assay

',¡/ith these gonadotrophins (shourn in Figure 5.1) suggests a specific

assay for mCG. In Figure 5.2, the dilutions of the extracts of

placenta and pituitaries, pregnant marmoset urine and plasma,

media collected from cultu¡ed trophoblastic vesicles and three

different forms of recombinant mCG resulted in parallel regression

lines. This confirms the fact that the assay is detecting the correct

protein species.

Plasma was collected from cycling and pregnant marmoset

monkeys. The ELISA measured mCG from Day 58 after ovulation in

the plasma of one monkey (see Figure 5.3). Plasma was collected

before Day 58, however, there was not enough plasma to measure

mCG. Thus, two other monkeys were allowed to stay pregnant until

the time that Estrumate is effective (approximately Day 44 of

pregnancyi see Ftgures 5.4 and 5.5).Marmoset CG was not detected

until Day 2l after ovulation in one monkey (Fígure 5.4), whilst

mCG was detected by Day 7 in the other monkey (Figure 5.5).
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However, the levels of mCG detected was much lower in the early

pregnancy bleeds than later in pregnancy (compare the scales on

the right for mCG of Fígures 5.4 &5.5 ruitlLFtgure 5.3). The results

from later in pregnancy compare well with previous rcsults

(Chambers and Hearn 1979), however the early pregnancy results with

the much lower levels are unexpected.

A bioassay to measure mCG, described by Ascoli in I98l and

used in our laboratory previously (Simula et at. 1995) was compared

with the ELISA and found to correlate well (correlation coefficient

0.9672: reported in (Amato et al. 1998) and in Section 5.3.I). A

marmoset LH-P cDNA has not beeen isolated to date. Some

evidence in our laboratory (,A'.P. Simula, personal communication)

suggests that the marmoset may only express a CG-like luteinising

hormone in both the pituitary and placenta. Hence, plasma from

four marmosets was tested around the time of ovulation to

determine if any immunoactive and/or bioactive proteins could be

detected at this time. Both the ELISA and bioassay measured mCG

before the time of expected ovulation, suggesting a CG/LH peak.

Given that l) this ELISA is specific for mCG, 2) that there is

immunoactivity in the ma-rmoset pituitary (Section 5.3.4, Figure

5.2) and 3) that PCR results suggest a higher abundance in the

pituitary than in the placenta (Cltopter Four), it suggests that the

maûnoset has a gene for CG and not a separate gene for LH in the

pituitary (simula et at. 1995; Simula et al. 1996). In the human, hCG

expression has been described in the pituitary (Chen etaI. 1976).
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Embryos collected from various stages were cultured through

to t.rophoblastic vesicle stage and the medium collected to measure

rnCG. Secretion of mCG was measured prior to attachment as

shown in Irígure 5.8, which has been previously shown in cultured

human embryos (Lopata and Hay 1989a). The differences in mCG levels

secreted by individual embryos in culture may be an indicator of

viability. The late morula-early blastocyst (Maria l) secretes much

lower levels of mCG and has a later peak than the other three

embryos, thus the ún uttro cultr-rre of embryos may not be ideal. If

CG is secreted prior to implantation, then the monitoring of CG

levels in in uítro fertilisation embryos prior to transfer to the

uterus may be used as an indicator of viability. Hence only the

highest expressing embryos could be implanted to maximise

success.

Marmoset CG secretion was also measured in trophoblastic

cell lines (Figure 5.1O). Although the amount secreted was

dependent on the size and number of vesicles present within the

individual cultures, generally the amount of mCG increased as the

vesicles proliferated. These trophoblastic vesicle cell lines were

actually derived from the embryos cultured in Fi-gure 5.8. The 1.2 -

l.2\g cell line was derived from Tabbie 3, the f .3 - 1.306 cell line

from Tabbie 4 and the 1.4 - f.406 cell lines were derived from

Barbie l. Maria f did not proliferate into a primary vesicle and so

could not produce any vesicles, this embryo may have been a

female embryo, or it could be that it was not healthy enough to
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produce vesicles. There is evidence from Alex Lopata's laboratory

in Melbourne that the Y chromosome is important for trophoblast

growth, thus a female embryo with two X chromosomes \pill

presumably not proliferate to a primary cytotrophoblastic vesicle

very easily, whilst a male embryo will, if the culture conditions ale

correct.

As previously found, the amount of mCG within the vesicle is

substantially more tha¡r in the surrounding medium (Frgure 5.9 and

(Summers et oL 1987b). Possibly receptors for mCG are present on the

inside of the vesicle, which correlates to the inside of the

exocoelomic cavity (Moore and Persaud 1993) and the protein has a

local autocrine/paracrine role. However, the localisation of mCG

receptors needs to be investigated by in s¿tu hybridisation and/or

immunohistochemistry.

In summary, we have developed a specific and sensitive assay

for the measurement of mCG in all biological fluids so far studied.

In its current form it will prove useful for measuring mCG from

marmoset embryos and trophoblastic vesicles cultured under

various conditions, in order to examine the impact of cytokines

and growth factors on embryonic expression of CG.
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Chapter Six

Culture of Marmoset

Trophoblastic Vesicles

and Embryos with
Cytokines



6.1 Introduction

Chorionic gonadotrophin's most widely reco$nised role is

sustaining the life of the corpus luteum of pregnancy, however, it

seems to also be involved in implantation' as well as trophoblastic

differentiation (Sawai et at. 1995a; Shi et al'. 1993)' Although CG is

essential for implantation and a viable pregnancy in primates' an

understanding of the factors regulating expression is lacking'

A number of cytokines and growth factors have been shown

to influence the expression and secretion of cG. Transforming

Growth Factor-beta (TGF-p) has been shown to induce release of

hCG from human trophoblasts (Matsuzaki et ott. tgg2). Whilst the

addition of colony stimulating Factor-l (csF-r) to cultures of

human term cytotrophoblast cells, resulted in the differentiation of

the cells to syncytiotrophoblasts and an increase of hCG and

human placental lactogen (hPL; Garcia-Lloret etat. 1989).

Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF)

has been shown to induce production of ovine trophoblastic

protein-l (oTP-I), afi analogue of CG in sheep, in ovine embryo

cultures (Imakawa et al. 1993). Interleukin-$ (IL-6), as well as GM-CSF

and CSF-I is known to modify CG expression in human placental

cell lines (Ben-Rafael and Orvieto 1992).

Finally, Leukaemia Inhibitory Factor (LIF) has been shown to

be imperative for implantation in the mouse (Bhatt et aI. 1991) and

the addition of hLIF to cultures of murine eight-cell embryos

resulted in the embryos developing to post-hatching stages (Lavranos
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et aL 1995). Human LIF also has an effect on trophoblast outgrowth

(Robertson et al. 1991). Human endometrium has been shown to

express LIF mRNA at the time of implantation, moreover, the

human blastocyst has been shown to express mRNA for the LIF

receptor (CharnockJones et aI. 1994b). Recently, Nachtigall and

associates (1996) examined the effect of LIF on purified

cytotrophoblast cultures. Knowing that hCG secretion is a marker

of syncytiotrophoblast differentiation and oncofetal fibronectin

secretion a marker of anchoring junctional trophoblast

differentiation, they found that the addition of hLIF to their

culture system markedly decreased hCG protein secretion and

expression, as well as significantly increasing the expression artd

secretion of oncofetal fibronectin. Thus, they suggest that LIF

appears to directly modulate trophoblast differentiation and hence

is an important regulator of human embryonic implantation.

Trophoblastic vesicles derived from marrnoset

cytotrophoblast cells have been shown to retain their ability to

synthesise and secrete CG during culture (Summers etaI. 1987b). Thus,

the aim of the experiments described in this chapter was to culture

marmoset embryos and trophoblastic vesicle fragments, derived

from in uítro implanted embryos, in the presence of candidate

cytokines: LIF, GM-CSF, TGF-P and IL-6 and determine their

influence on mCG gene expression and secretion. Marmoset CG

expression will be monitored using RT-PCR and immunological

techniques described in the previous chapters.
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6.2 Collection of Embryos

Marmoset embryos of various stages (morula through to

hatched blastocyst stage; se.e Tabte 6,1) were collected by the non-

surgical flushing technique (as descríbed in section 2.2.2; see Table

6.21. The collected embryos were incubated at 37"C in cr-MEM

buffered with HEPES, before being washed and transferred into

culture media (as described in Section 2.3). Some embryos were

cultured to trophoblastic vesicles (descríbed in sectíon 6.3) and

then either dissected to trophoblastic vesicle fragments and

cultured \Mith cytokines or, left intact and cultured with cytokines

(both described. in section 6.4). Other embryos were cultured in the

presence or absence of cytokines (described in section 6.5).

Table 6.1 Number and stage of development of embryos that were

collected by non-surgical flushing, for culture experiments'

Embryo Stage Number of Embryos

16-32 cell

morula

early blastocyst

blastocyst

expanded blastocYst

hatched blastocYst

totar 3'¿

Of the total, five were discounted from experiments: one

blastocyst was heat-shocke d, one morula and one expanded

2

l6
4

6

3

I
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blastocyst were lost in tra¡rsfer and the two L6-32 cell embryos,

collected in November 1995 were cultured in the wrong medium.

Tabte 6.2 Number of successful cannulations, flushes and number

of embryos collected by the non-surgical flushing technique.

Year 1995i 1996 1997 1998f

Number of

Cannulations (#C)

Number of Flushes (#Ð

Number of Embryos

Collected (#E)

10 45 90 31

7

8

4

6

19

23

23

30

#E/ #C

#E/#F

o.60

r.50

0.51

L.2l
o.33

1.30

o.26

1.14

IThere was only three months offl ushing in 1995 and four months
in 1998.

Embryos were cultured to form trophoblastic vesicles (as

described- in Sectíon 2.3.1). A total of ten embryos (see Table 6.3)

\¡/ere cultr-lred through to vesicles for subsequent trophoblastic

vesicle fragment culture with cytokines and growth factors. The

first two embryos (collected I4/O4/97) were allowed to culture

indefinitely as vesicles, changing and collecting media every three

days, however, due to incubator problems the tissue was discarded'

All collected media was assayed for mCG using the ELISA (results

¿n Section 5.4.2.I). Of the others, two degenerated (Barbie f 8/08 &

Maria 19/OS) before they hatched, possibly due to exposure to low
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oxygen

vesicles

tension. The remaining six were propagated to form

and used for the trophoblastic vesicle fragment

experiments (des críbed in Sectúon 6.4).

Table 6.3 Number and stage of development of embryos that were

cultured for trophoblastic vesicles.

Embryo Stage Number of EmbYos Code

4

I
4

I

Tabbie I29/O7, Barbie l8/O8,morula

early blastocyst

blastocyst

hatched blastocYst

Tabbie 218/O8 Maria I 16/09*
Barbie I 16/09*

'I'abbie | &2 L4 /04,
.....M+:i.+...19/.99..T-eÞÞip-.?-..1.7../.9?.:......

T¿rbbie 4 17 /O9*

total 10

* Maria I 16/09, Barbie I I 6 /O9, Tabbie 3 17 /Og & Tabbie 4 17 log
are the embryos that had their media analysed for the ELISA in
Chapter Fiue.

6.4.1 Methods

6.4.1.1 Culture

Four cytokines were cultured with trophoblastic vesicle

fragm ents: Transforming Growth Factor-beta (TGF-B), Interleukin-$

(IL-6), Granulocyte-Macrophage Colony Stimulating Factor (GM-

CSF) and Leukaemia Inhibitory Factor (LIF). Two trophoblastic

vesicle fragments per well were cultured, in duplicate, in serum-

free medium overnight (Day O), before the addition of various doses

of cytokine the next day (Day 1). Concentrations of cytokine

6.4 Culture of lroPhoblastic Vesicles
ts with okinesand
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ranged from O to O.2 ng/ml for TGF-þ and O to 2.O nglml for IL-6'

GM-CSF and LIF. Media was changed, collected a¡rd stored at -2O"C

every day, before the experiment was terminated on Day 6.

Intact trophobtastic vesicles were cultured only with GM-CSF'

Two vesicles per well were cultured in serum-free medium

overnight (Day O), before the addition of three doses of GM-CSF'

the next day (Day 1). Medium was changed, collected and stored on

Days 2 and.3 and then every second day (Days5,7,9), before the

experiment was terminated on Day I 1'

Two of the cytokines, TGF-p and IL-6 were cultured with

fragments derived, from frozen-thawed vesicles in Associate

Professor Alex Lopata's laboratory in Melbourne. At the end of the

experiment, one of the fragments was lysed for RNA and

subsequent RT-PCR analysis (as described belotu). The other two

cytokines, GM-CSF and LIF were cultured with trophoblastic

vesicle fragments derived from fresh vesicles from embryos

collected by the non-surgical flushing technique' Both fragments

were lysed for RNA and subsequent RT-PCR analysis at the end of

the culture period.

6.4.L.2 RNA Extraction

RNA was extracted from each vesicle fragment and intact

vesicle at the end of the culture period by placing each individual

sample into an RNase-free tube \Mith 5O0 pl of Solution D and

proceeding as described in Section 2.4.3.
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6.4.1.3 Qualitatlve RÎ-PCR

Qualitative RT-PCR was performed to establish the pattern of

expression of mCG-cr, -p and mGAPDH, using placenta as a positive

control and IRNA or water as negative controls. Complementary

DNA rvas synthesised using SuperscriptrMll and 1O pl of RNA (os

described. ín Section 2.5.1.2). Ttre cDNA was then arnplified for 30

cycles using mCG-cx, -Þ and mGAPDH oligonucleotide primers and

Taq DNA polymerase (as described in sect¿ons 2.5.2.2 and 3.4.2).

The primary PCR product was then diluted lO-fold and a 2 prl

aliquot \ /as rearnplified for 35 cycles in a fresh PCR reaction using

the same assay primers to give a secondary PCR product that was

clearly detectable on a 2o/o agarose gel, stained \Mith ethidium

bromide and visualised \Mith a LJV light source (as described in

Sectíon 2.5.3.11.

6.4.L.4 ComPetitive PCR

Samples that showed mCG-p and mGAPDH expression were

subsequently analysed with the competitive PCR assay. Each cDNA

sample was diluted 4-fold and amplified with a dilution series of

cDNA internal standard, using Taq DNA polymerase (as described tn

Secti"on 4.4). In some cases, a lO-fold dilution of the primary PCR

products was then reamptified in a fresh PCR reaction with the

same assay primers (cts d.escribed in Section 2.5.3.1).
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6.4.1.5 ELISA

All collected media samples were analysed for mCG protein

by ELISA (as described tn Chapter Tu)o, Section 2.7).

6.4.2 Resulús

6.4.2.1 Culture

Trophoblastic vesicles were micro-dissected into similar-sized

fragments (as shou¡n i"n Figure 6.1a). In some cases, the fragments

would reform odd shaped vesicles (as slroutn ín Figure 6.1b). The

fragments and vesicles sometimes reattached to the plastic,

although this was not always observed. For TGF-P and IL-6 treated

fragments, the following results are for two fragments in each

group, whilst the GM-CSF and LIF treated fragments had four

fragments in each group. The GM-CSF treated vesicles had two in

each group.

6.4.2.2 Qualitative RT-PCR

The fragments and vesicles were all individually assessed for

expression of mCG-cx, -Þ and mGAPDH. Photographs of the gels of

the secondary PCR are shown in Figure 6.2 for TGF-b (a) and GM-

CSF (b) treated trophoblastic vesicle fragments and in Figure 6.3

for IL-6 (a) and LIF (b) treated trophoblastic vesicle fragments. In
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Figure 6.1 Photographs of trophoblastic vesicle fragments and

intact trophoblastic vesicles.

(a) shows two freshly micro-dissected trophoblastic vesicle

fragments and (b) shows the same fragments reformed as vesicles.

(c) and (d) show other examples of vesicles. The vesicle on the right

of (d) is actually a small vesicle on the side of a larger one, seen on

the left.
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Figure 6.4, t};.e secondary PCR of the qualitative RT-PCR for GM-

CSF treated whole vesicles can be seen. ln Tabl"e 6.4, the results

obtained from the qualitative RT-PCR are summrised.The

concentration of cytokine present in the culture is shown in the

second column.

Table 6.4 SummaÌy of Qualitative RT-PCR results for trophoblastic

vesicle fragments cultured with four different cytokines and for

intact vesicles cultured with GM-CSF

('+' índicates presence oJ expresston, '-' indicates absence oJ

expression.)

Cytokine

Concentration
in nglml

Expression of
mCG-p mGAPDHmCG-o¿

TGF-p o
o.o1
o.o2
o.1
o.2

+
+

+/
+

+
+
+
+
+

+
+

+
+
+
+
+
+
+

+
+
+
+
+

+
+

+/-
+

+/-

o
o.1
o.5
1.O
2.O

IL-6

GM.CSF o
o.r
o.5
1.O
2.O

+/-
+ /-
+/-
+/-
+/-

+/-
+/-
+/-
+

+/-

+
+
+
+
+

LIF o
o.1
o.5
1.O
2.O

+
+/-
+
+
+

+/-
+/-
+
+

+/-

+
+
+
+
+

intøct aesícles
o
o.l
1.O
2.O

+/-
+

+

+
+
+
+

+
+

+

GM-CSF
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Figure 6.2 Qualitative RT-PCR for mCG-cr, mCG-Þ and mGAPDH of

trophoblastic vesicle fragments cultured with TGF-P (a) and GM-CSF

(b). The expected mcG-g, -þ and mGAPDH products \¡/ere 325, 433

and. 567 bp, respectively. Molecular wei$ht markers (M) were lKb

DNA ladder.
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Figure 6.3 Oualitative RT-PCR for mCG-c, mCG-Þ and mGAPDH of

trophoblastic vesicle fragments cultured with IL-6 (a) and LIF (b).

The expected mCG-cx, -Þ and mGAPDH products were 325,433 and

567 bp, respectively. Molecular weight markers (M) were lKb DNA

ladder
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Figures 6.4 Qualitative RT-PCR for mCG-o, mCG-p and mGAPDH of

intact trophoblastic vesicles treated with various doses of GM-CSF.

The expected mCG-c, -F and mGAPDH products were 325,433 and

567 base pairs, respectivety. The molecular weight marker (M) was

the IKb DNA ladder.
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6.4.2.3 Competitive PCR

All samples that showed mCG-p ald mGAPDH expression were

analysed with the competitive PCR assay. The results are

summarised in TabLe 6.5 for both the trophoblastic vesicle

fragments and intact vesicles. Representative scans of two

trophoblastic vesicle fra$ments are shown in Figure 6.5.

Table 6.5 Summary of Quantitative PCR results for trophoblastic

vesicle fragments cultured with four different cytokines and intact

vesicles cultured with GM-CSF.

(,NA' = expression too Jaint and uariabLe to quantttate)

Concentration Copies of
ml mGAPDHln

lGF-p

II-6

GM-CSF

LIF

GM-CSF O
o.1
1.O
2.O

uesicle frøgments
o
o.o r
o.02
0.r
o.2
o
o.r
0.5
r.o
2.O
o
o.l
o.5
1.0
2.O
o
o.r
o.5
t.o
2.O

2.62 x
2.62 x
2.62 x
2.62 x
2.62 x

2.62 x lO7

2.62x1O7-2.62 x lO8

no expression
2.62xloc'2.62 x 1O1o

2.62 x lO8

loto-2.62 x lOrI
106-2.62 x lOe

106-2.62 x 107

l08
LOe-2.62 x lOro

NA
2.62 x lOto
NA
NA
NA
NA
NA
NA
NA
2.62 x 7OL2

intøct uesicles

3.69 x 1OI2-3.69 x lOIs

3.69x1O7-3.69xlog
no expresslon
3,69x1012-3.69x1OI3
3.69 x lOrl
3.69 x
3.69 x
3.69 x
3.69 x
3.69 x

101r-3.69x1013
lor0-3.69x10r1
I O1r

l0rr-3.69xlO1rl
lorl-3.69x1012

3.69 x
3.69 x
3.69 x
3.69 x
3.69 x
3.69x1014-3.69xlors
3.69x1011-3.69x1012
3.69x10s-3.69xlOro
3.69x10r2-3.69x1013
3.69x1014-3.69x1O15

1012 - 3.69 x
1Or2 - 3.69 x
lO12 - 3.69 x
lOt2 - 3.69 x
1Or2 - 3.69 x

I013

lor3
10r3

I013

I013

2.62xlos-2.62xlOro
NA
no expression
2.62xlO10-2.62x1Or1

3.69xlor1-3.69x1012
3.69x l0ro-3.69x 1011

3.69xIOrr-3.69x1O12
3.69x101r-3.69x1012
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Figure 6.5 Representative scans of mcG-B and mGAPDH

competitive PCR assays of two trophoblastic vesicle fragments

cultured with cytokine. The expected products were 433 and 371

bp for the mCG-B target and internal standard, respectively, whilst

the products generated from the mGAPDH competitive PCR were

567 and 484 bp for target and internal standard, respectively. The

molecular weight marker (M) was the IKb DNA ladder.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PCR bands of

target and internal standard (as determined by NIH image) for both

the target and internal standard.
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Figure 6,8
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As can be seen in TabLe 6.5 expression is quite variable, which in

some cases made it difficult to determine the range of internal

standard for the competitive PCR assay. Hence some trophoblastic

vesicle fragments could not be quantitated.

6.4.2.4 ELrSA

Anaþsis by ELISA of most of the trophoblastic vesÍcle

fragment medium showed no protein. So, the samples were

concentrated, by lyophilising and the ELISA repeated. The ELISA

still did not detect any protein secretion frorn most of the

concentrated samples. The samples from the intact vesicles were

analysed for mcG protein secretion by ELISA and these results are

shown in Figure 6.6. The no cytokine vesicles showed an increase

in cG secretion overall. The level of secretion of mcG from the

treated vesicles was at the limits of detection of the ELISA and

thus very low.
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Flgure 6.9 ELISA measurement of mCG protein secreted from the

trophoblastic vesicles cultured witJl GM-CSF over 11 days. Media was

collected Day 0, t,2,3, 5, 7,9 and 11, when the experiment was

terminated. V1, V2, V3 and V4 correspond to vesicles cultured with 0,

0.1, 1.0 and 2.O ng/ml of GM-CSF, respectively.

I4

I2

10

8

6

4

2

0
Day 2 Day 3 Day 5 Day 7

Days in Culture
Day 9 Day 11

rvl
.v2
trv3
av4
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6.5 Culture of awrrh es

6.5.1 Methods

6.5.1.1 Cr¡lture

Embryos were cultured overnight after collection in culture

medium (Day o), to recover, before being transferred to medium

with r,ooo units of LIF (12 ng/ml; (Lavranos er ar. 1995)) , oÍ 2 ng/ml of

GM-CSF (personal communication, sarah Robertson, 1997) or fresh

culture meditrm (Day 1). The embryos were observed daily and the

medium changed, collected arrd stored at -2o"C every second day

(Day 3, 5, 7, etc.). The day after attachment' the experiment was

terminated. The embryo and arry other cells present in the culture

were lysed for RNA extraction and subsequent RT-PCR analysis'

6.5.1.2 RNA Extraction

RNA was extracted from the embryos and any cells found in

the medium at the end of the curture period by placing each

individual embryo and groups of cells into an RNase-free tube with

5OO ¡rt of Solution D and proceeding as described in section 2'4'3'

6.6.3 Quølitatíve RT-PCR

Quatitative RT-PCR was performed to assess for expression of

mcG-a, -p and mGAPDH. Reverse transcription was performed using

superscriptrMll and 1o pl of embryo RNA (as d.escrtbed tn section

2.5.1.2). The cDNA was amplified for 30 cycles with Taq DNA
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polymerase and the mCG-cr, -P and mGAPDH oligonucleotide

primers (as descríbedin Sections 2.5.2.2 and 3.4.2). In some cases,

a 1O-fold dilution of the primary PCR product was reamplified in a

fresh PCR tube using the same assay primers to give a secondary

PCR product that was clearly detectable on a 2o/o a$atose gel (as

d"escribed ín Section 2.5.3.1).

6.5.1.4 ComPetitive PCR

Embryo samples that showed mcG-p and mGAPDH expression

were subsequently analysed with the competitive PCR assay' Each

cDNA was diluted 2-fold. and amplified with a dilution series of

cDNA IS, using Taq DNA polymerase (as described in Secti"on 4'4)'

The primary PCR products were diluted lo-fold and reamplified in a

fresh PCR reaction with the salne assay primers, to give a

secondar¡r PCR product that was clearly detect'able on a 2o/o agarose

gel (as d"escribed in Section 2.5.3.1)'

6.5.1.5 ELrSA

All collected medium samples were analysed for mCG protein

secretion by ELISA (as d"escríbed. in Clnpter Tu)o, Section 2'n'
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6.5.1 Results

6.5.2.t Culture

In total, 14 embryos were cultured with LIF, or GM-CSF or in

culture medium with no cytokine, until hatching and attachment

to the plastic (see TabLe 6.6). Another three embryos (zl, 22, }/lL)

were cultured in serum-free culture medium from the time of

collection, however, they did not develop and so were terminated'

without analYsis.

Table 6.6 Number and stage of development of embryos collected

by the non-surgical flushing technique that were cultured with LIF

or GM-CSF or without cytokine (control), until after attachment.

Embryo Stage LIF GM-CSF Control Total

morula 23, M3 T8, T9

early blastocYst T6, TI L B4

expanded M2
blasto t

Total t4

of the total, three embryos (fl2, 83, T5) which were collected

as morulae, did not develop past the early blastocyst stage and so

no cytokine was added to the system. Two of these embryos were

still analysed (82, B3), the other embryo (T5)' however, was very

compacted and degenerated and was not analysed. Another control

embryo (Sl) compacted before it hatched, however, the other two

control embryos (Tlo, T7) hatched on Day 4 of culture and

attached on Day 5. Both resembled primary vesicles (hollow ball of

T1O, B2,B3,
T5

ST

I

4

2T7

644
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cells) with a large inner cell mass (icm). Of the four LIF treated

embryos, 3 of them (T6, Tl t, M3) hatched on Day 5 of culture and

attached lightly the same day. At the end of the culture period, the

three resembled primary vesicles with large icms, similar to control

embryos. The fourth embryo (Zg) started hatching on Day 4 of

culture, but late the next day, the herniated trophectoderm broke

away and the remnants compacted in the zoîa.. Of the GM-CSF

treated embryos, one (T8) compacted after 3 days in culture, but

the other 3 all hatched and attached. Two of them hatched on Day

5 of culture, T9 did not attach till late on Day 8 and was

terminated Day 9 and M2 attached on Day 6 and was terminated on

Day 7. Both resembled a tight bunch of cells, with no clear icm' 84

hatched and attached on Day 4 of culture, it also resembled a tight

bunch of cells at termination on Day 6'

As all the embryos were observed daily, photographs were

taken using slide film. Some of these slides, showing embryos of

different stages have been scanned and are shown in Figures 6.7 -

6.9. LlF-treated embryos are shown in Fígure 6.7. (c) show the

embryos that compacted in tlne zona pellucida (23) and (d) shows a

LIF-treated embryo just before terrnination. The trophoblast

outgrowths are spindly. GM-CSF treated embryos are shown in

Figure 6.8. The embryo in (c), just before termination has a few

spindly out$rowths, but the majority of cells seen ar.e rounded'

Embryos cultured without cytokine, shown in Figure 6.9, resemble

primary trophoblastic vesicles (d) at termination. The inner cell

mass is very distinct.
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6.6.2.2 Qualttative RT-PCR

The embryos and any other cells present in the culture were

individually assessed for expression of mCG-ü, -p and mGAPDH' The

photographs of the gels of the secondary PCR are shown in Figure

6.10 for LIF (a), GM-CSF (b) and no cytokine (c) embryos. The

results obtained are summarised in Tabte 6'7 '

The expected products for mcG-cr, -p and mGAPDH are

labelled u, B and g, respectively. The individual embryos are named

at the base of each gel. Even though both Z3 and Sl compacted and

did not attach, they both showed expression for mCG-G, mCG-B and

mGAPDH. Every embryo exhibited mcG-cr and mcG-p expression' A

few embryos displayed only faint expression for mGAPDH (T6, 84 &

T7).
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Figure 6.7 Photographs of marmoset embryos cultured with LIF'

(a) morula

(b) blastocyst

(c) degenerate, compacted embryo still ir;zotta pellucida

(d) end point of LIF treated embryos
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Figure 6,10



Figure 6.8 Photographs of marmoset embryos cultured with GM-

CSF.

(a) expanding blastocyst, showin$ inner cell mass on the left

(b) hatching blastocYst

(c) end point of GM-CSF treated embryos
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Figure 6 11
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Figlre 6.9 Photographs of marmoset embryos cultured without

cytokine

(a) expanding blastocyst, showing inner cell mass on the top right

(b) hatched blastocyst with empty zoîa on the left

(c) hatched blastocyst, with a distinct inner cell mass

(d) end point of embryos cultured without cytokine
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F'igure 6.10 Qualitative RT-PCR of embryos cultured with LIF' or

GM-CSF or no cytokine until the day after attachment' The first

la¡e in each panel (g) shows the result of RT-PCR using the mCG-cr

primers, the centre lane of each panel (p) shows the product

generated from the mCG-p primers a¡rd the right la¡e of each panel

(g) shows the result from the RT-PCR using the mGAPDH primers'

The expected mcG-cx, -p and mGAPDH products were 325,433 and

567 bp, respectively. The molecular \Meight markers (M) were the

lKb DNA ladder.
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Figure 6 13

Fìgure 6 14

Figure 6 15
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Table 6.7 Summary of Qualitative RT-PCR results for embryos

cultured with LIF, or GM-CSF or no cytokine (control).

('+' indícates presence oJ expressíon, '-' indicates absence o-f

expression.)

Treatment

Number of

Embryos

Expression of

mCG-P mGAPDHmCG-cr

4

4

5

+

+

+

++LIF

GM-CSF + ß/al + ß/a)

Control

6.5.2.3 ComPetitive PCR

Alt samples showed expression for mCG-Þ and mGAPDH' so

they were analysed with the competitive PCR assay'

Representative scans of two embryos are shown in Ftgure 6' 1 t ' The

equivalency points of each sample that was able to be quantitated

is shown ín TabLe 6.8. The expression of mcG-B, or mGAPDH or

both was not quantitated in 4, 2 and 3 embryos, respectively' A

plot for each of the equivalency point is shown in the Appendix'

++
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Table 6.8 Summary of Quantitative PCR results for embryos

cultured with LIF, or GM-CSF, or no cytokine (control).

Cytokine EmbrYo

mCG-p

/mGAPDH

LIF 23

M3

T6

T11

o.0447

o.087

GM-CSF T8

T9

B4

M2

o.o777

control Tlo
B2

B3

S1

T7

0.065

6.6.2.4 ELrsA

Analysis by ELISA of most of the medium samples showed

variable mcG protein secretion, most being below our lowest

standard of 0.5 ng. The results have been plotted on a histogram

and are shown ín Fígure 6.12.

Copies of

MGAPDHmCG-p

1.65 x lO11 3.69 x 1012

2.25 x lOrr 2.58 x 1012

3.28 x 1013

2.27 x lO12 2.92 x 1Or3

3.60 x lO12

2.O2 x lolo

2.34x lOIo

2.OT x IOr2 3.I7 x lO13

1.96 x IO13

3.30 x lO13
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Figure 6.11 Representative scans of mcG-Ê and mGAPDH

competitive PCR of two embryos cultured with cytokine' The

expected mcG-Þ competitive PCR products were 433 and 317 bp for

the target and IS, respectively, whilst the products generated from

the mGAPDH competitive PCR were 567 and a84 bp for the target

and Is, respectively. The molecular weight marker (M) was the tKb

DNA ladder.

The graph below each photograph shows the number of molecules

of internal standard against the optical density of the PcR bands of

target and internal standard (as determined by NIH image) for both

the target and' internal standard'
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Figure 6 16
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Ftgure 6.L2 Measurement of mCG protein secretion over 9 days in

culture from embryos cultured with LIF (T6, T11), or GM-CSF (T9, B4)'

or no cytokine (T10, m,B.2l, using the ELISA.

rT6
r T11

trT9
tB'4
r T10
.T7
@82

T2
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I

7
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Days in Culture
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6.7 Discussion

This chapter has described the culture of trophoblastic

vesicle fragments (TVFs), whole trophoblastic vesicles (TVes) and

intact mal.moset embryos with or without various cytokines' Four

cytokines were cultured with TVFs: Transforming Growth Factor-

Beta (TGF-p), Interleukin-6 (IL-6), Granulocyte-Macrophage colony

stimulating Factor (GM-CSF) and Leukaemia Inhibitory Factor [LIF)

for a period of 6 days. only GM-CSF was cultured with whole

vesiclesforaperiodoflldays.BothGM-CSFandLIFwere

cultured with intact embryos until they hatched and attached'

Theaimofthischapterwastoinvesti$atetheinfluenceof

various cytokines on mCG gene expression in uttro'

Thenon-surgicalflushingtechnique(deuel.opedbgThomsonet

at. 1gg4 and described in Section 2.2.31 is an excellent technique

for obtaining embryos from the morula sta$e through to the

hatched blastocyst stage of development. The monkeys were able

to be flushed every month (c.f. every 3-4 months for the mini-

laparotomy technique, described in section 2.2.2) and generally,

one(l)morpholo$icatlynormalembryowasobtainedevery

successful flush (see Table 6.2).During 1997 and the early few

months of 1998, the monkeys were upset \Mith frequent movement

from one room to another. This seemed to have an impact on the

number of embryos recovered by the flushing technique' A system

of hierachy is present within a primate colony, the dominant
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female exerts her pheromonal influence on other younger, less

dominant monkeys and prevents them from ovulating. Between

the cages in our colony, there ar.e barriers to prevent this

occurring, however, monkeys can still see other monkeys on the

opposite side of the room. Environmental factors also come into

play, for example stress of being moved around, who is next door

and what is happening next door. The introduction of new

monkeys and the removal of established monkeys also affect other

members of the colony. The low embryo number to cannulation

ratio (Table 6.2) also demonstrates the necessity to not disturb the

iflushingî group of monkeys. of the 67 embryos collected in total

by the non-surgical flushing technique (see Table 6'2), 32 were

used for culture experiments (see Table 6.1): five were discounted

from experiments (as described below Table 6'1), ten were cultured

for trophoblastic vesicles (see Table 6.3), fourteen were cultured

\Mith or without cytokine (see Table 6.6) and another three were

cultured in serum-free medium (described above Table 6'6)' The

other 35 embryos were either frozen for subsequent RT-PCR

analysis (30 embryos of various stages: see chapters Three and

Four) or placed into formalin (one morula, two expanded and two

hatched blastocysts: these have not been analysed as yet)' Due to

the scarcity of mafmoset embryos and the success of trophoblastic

vesicleculture(Summersetal'1987),wedecidedtoutilisethevesicle

culture system. Trophoblastic vesicle fragments were used because

the number of cells within a fragment is probably closer to the
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number of cells within a blastocyst. Trophoblastic vesicle

fragments were cultured with various doses of cytokine for a

period, of 6 days. From the qualitative RT-PCR results (Fígures 6'2

and 6.3 a¡td TabLe 6.4), it can be concluded that there is a great

deal of variability of expression of mCG between the fragments'

especially the LIF- and GM-CSF-treated fragments' This could be

due to the difference in sizes of the fragments and therefore the

variability in cell number of the fragments. Any fragment that

showed mcG-B and mGAPDH expression was subsequently analysed

with the competitive PCR assay (see Table 6.5), There was a

greater variability in mcG-p than mGAPDH expression, but then

there were quite a few fragments that had very faint expression for

mcG-p from the qualitative RT-PCR results and could not be

quantitated with the competitive PCR. This could be due once

again to the variability in size of the fragments. IL-6 appeared to

decrease the amount of mcG-p expression, compared to control

fragments, whilst TGF-p appeared to increase mcG-B expression,

compared to control fragments. This is the opposite to the

literature. The amount of mcG protein secreted from the

fragments could not be determined even after concentrating' so we

assumed that the amount of protein being secreted by the

fragments was very small and not detectable by our ELISA and that

the volume of media (-l ml) was diluting any protein that was

beingsecreted,orperhapsthedailychangingofmediawas

diluting out other factors that the fragment needed to secrete
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mCG. So, it was decided to culture whole vesicles w"ith cytokine for

a longer time period and not chan$e the medium as much.

Intact vesicles were cultured \¡ùith various doses of GM-CSF'

The qualitative RT-PCR results (see Tahte 6.4) show that mGAPDH

is expressed in all the vesicles, which indicates that the RNA

extraction and subsequent qualitative RT-PCR were a success'

However, mCG-p was not expressed in all the vesicles, particularly

the vesicles treated with 1.0 ng of GM-CSF. The vesicles treated

with o.l ng of GM-CSF showed very faint expression for mcG-B and

so all the vesicles treated with O.l and 1.O ng of GM-CSF could not

have their mcG gene expression estimated. The amount of mcG

protein secreted was also investigated using the ELISA (see Ftgure

6.6), however, most of the samples wefe at the lower limits of the

ELISA (below o.5 ng/ml). Nevertheless, the control vesicles (no GM-

CSF) showed more mCG protein secretion than the vesicles treated

\Mith GM-CSF, which was a very unexpected result' But, perhaps

GM-CSF enhances expression of mcG, not translation of the

message into the protein, or perhaps the mcG was being secreted

into the vesicle fluid and not into the media surrounding the

vesicle. After this experiment was completed' we discovered that

the vesicle fluid (fluid within the vesicle) contained more mcG

protein than the surrounding medium (see Chapter Fiue, Ftgure

5.e).

Thus, .we concluded that trophoblastic vesicles were a better

culture system for investigating mCG genes mRNA expression than

the fragment culture system. However, due to the fact that vesicles

Culture with CYtokines 2O3



and fragments mainly consist of trophoblast cells (either

syncytiotrophoblast or cytotrophoblast cells) there is a lot of other

factors that must come into play for regulating mCG expression

and secretion in the intact embryo (inner cell mass)' In fact it has

been shown that the inner cell mass is important for the efficient

secretion of CG by marmoset blastocysts (summers et at' 1993)'

Moreover, the study of the effect of cytokines on isolated' cultured

trophoblast cell lines may not $ive a true indication of the role of

such factors in regulating cG expression in early embryos' The

population of receptors present on in uitro cultured trophoblast

cell lines may be different to the receptors on the cells of the early

embryo a¡rd the cells expressing cG of the early embryo may be

influenced by neighbouring embryonic cells. so it was decided to

move on to culturing intact embryos'

Marmoset embryos were cultured in serum-fiee culture

medium u¡ith 12 ng of LIF (Lavranos etaL. 1995), or with 2 ng of GM-

csF (personal communication, Dr.S.A. Robertson, 1997) or in

culture medium without cytokine. Three embryos were cultured in

serum-free medium without cytokine, however, they did not

develop further than the stage that they were collected and so it

rvas decided to ensure hatching and attachment of the control

embryos by culturing in 'normal' culture medium (ü-MEM with l0%

FCS, L-glutamine, antibiotics, insulin and transferrin, as described

in sectt on 2.3). Even still, embryos cultured in 'normal' culture

medium did not always hatch and attach, as shown by B,2, 83 and

T5. Moreover, embryos cultured with LIF and GM-CSF did not
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always hatch and attach, as described in Sectton 6.5.2.1 attd shoun

tn Fígures 6.7 - 6.9. This perhaps is due to those embryos not being

viable from the start and so adding cytokine and culturing in

serum-free medium is not always going to help matters!

Nevertheless, nearly every embryo cultured with or without

cytokine showed expression for the mCG genes and mGAPDH, as

shown by the results in Table 6.7 and Figure 6.10. The amount of

mCG-B and mGAPDH could be quantitated by the competitive PCR

assay, shown by TabLe 6.8 and Fígure 6.11. However, the ELISA

showed variable secretion and most of the samples were below our

lowest standard of 0.5 ng (see Fígure 6.121. This could be that the

message is not being translated into protein, thus any increase in

expression is not being seen as an increase in secretion.

Expression of mGAPDH was pretty constant between all

groups (between 2.58 x lOI2 - 3.3O x 1Ot3 copies). Expression of

mCG-B varied between the groups: there was great variability

between embryos from the control group (range: 2.O7 x l0I0 - 2.34

x lOI2) and between embryos from the GM-CSF treated group

(range: 2.O2 x lolo - 2.27 x l0t2). Only the LIF treated embryos

showed a constant value of copy number of mCG (1.65 x l0rr or

2.25 x IOII). Thus not many conclusions can be drawn from these

results other than to repeat the experiments with more embryos.

There does however, appear to be a morphological difference

between the three groups. The LIF treated group (see Figure 6.7fl,

shows spindly cells at attachment, compared to the rounded cells

seen in the GM-CSF treated culture (see Figure 6.Bc). The no
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cytokine treated embryos resembled primary cytotrophoblastic

vesicles (see Figure 6.9d).

Both LIF and GM-CSF have been shown to modulate CG

expression and secretion, or it's ruminant arralogue, trophoblastic

protein (TP; see Roberts etat I992afor a review). The addition of hLIF

to eight-cell mouse embryos, resulted in the embryos developing

past the hatching stage (Lavranos et al. 1995) and hLIF has also been

shown to affect trophoblast outgrowth (Robertson et aL. t99t).

Recently, LIF has been shown to markedly decrease mCG protein

secretion and expression in purified cytotrophoblast cultures

(Nachtigall etat. 1996). Moreover, in the mouse, maternal LIF has been

found to be essential for implantation (Bhatt etaL. 1991; Shen and Leder

1992; Stewart et al. 1992). More recently, a study investigating

infertility in Interleukin-11 receptor (IL-f lR) deficient mice found

that the IL-ltR complex which involves gpl3o, also part of the

LIFR complex, is absolutely required for female fertility. They

suggest that IL-11 is required one day later than LIF, in the mouse

and is important for the normal decidual response to the

implanting blastocyst, however, the IL-l t ligand deficient mouse

needs to be investigated (Robb et aL. 1998). In the human, the

endometrium at the time of implantation has been shown to

express LIF mRNA and the human blastocyst to express mRNA for

the LIFR (Charnock-Jones etal. L994b).

The addition of GM-CSF to ovine embryo cultures resulted in

the production of ovine trophoblastic protein (oTP), the analogue of

CG in sheep (Imakawa et al. 1993). GM-CSF has been shown to induce
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the proliferation of pure ectoplacental cone trophoblast from

mouse embryos (Armstrong and Chaouat 1989), as well as stimulate both

differentiation of human cytotrophoblast cells from fult term

pregn€uacies to syncytiotrophoblast and release of hCG and human

placental lactogen (hPL; Garcia-Lloret et al. 1989). Wegmann's group

has also shown that GM-CSF can promote irnplantation of mouse

embryos using an in uitro model of implantation (Wegmann r99ob).

The marmoset embryo is an individual and its viability is

dependent on many things, one of them being the expression of

genes, including mCG and mGAPDH. The expression of genes can

be modulated by factors present within the culture system,

however, whether this change in expression is actually translated

into protein is another consideration. This strategy of culturing

mannoset embryos with or without cytokine and then analysing

the mCG gene expression by qualitative and quantitative PCR

technology and determining the protein secretion by ELISA is a

useful method to investigate the effect of cytokines on CG

expression and secretion. However, more embryos are required to

investigate the full effects of these two cytokines.
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Final Discussion

The major aim of this study was to use the marmoset monkey

as a model primate to determine the regulation of expression and

secretion of chorionic gonadotrophin (CG) from the pre-

implantation embryo. In particular, we wished to investigate the

factors regulating expression and secretion of CG, thereby

determining the viability of the embryo. This knowledge will aid us

in improving culture conditions and viability of human in vitro

fertilisation (IVF) embryos, as well as enhancing our understanding

of primate reproductive physiology.

Due to the ethical constraints governing the use of human

embryos and because CG is a primate specific hormone, we have

used the common marmoset, CalLíthríx jacchus, as a model

primate. The marmoset is small, easily handled and trained and

has a hormonal profile for CG similar to that of the human, of 28

days. Their ovarian cycle can be regulated by the administration of

prostaglandin Fz" and they routinely ovulate two or more oocytes

per cycle. With the advent of the non-surgical flushing technique,

embryos can be obtained from each marmoset every month,

although pheromonal and environmental factors still have an

impact on the number of embryos collected. Of the 67 embryos

that were collected, 30 were flozert for RT-PCR analysis, as

described in Chapters Three and Four and 32 were cultured, as

describe d in Chapters Fíue qnd Six.

Final Discussion 2OB



Initially the ontogeny of expression of the two subunits of

mCG, alpha and beta in the pre-implantation embryo was

investigated. Expression of mCG-ü was detected from the four cell

stage, whilst mcG-B expression rvas detected from the morula

stage. Expression of the house-keeping gene glyceraldehyde-

phosphate dehydrogenase (mGAPDH) was also identified from the

morula stage, and was used as a reference mRNA species for the

competitive PCR. The identity of the PCR products for each target

sequence was confirmed by sequencing and restriction enzyme

digestion. The absence or inability to amplify a PCR product for

mGAPDH in the four- and eight-cell stage embryos may be due to

the recovery of low levels of RNA from these early embryos, thus it

may also be possible that mCG-B is expressed at this stage. The

expression of these three genes was also investigated in degenerate

blastocysts, showing the absence of mCG-B expression. Hence,

suggesting that CG-P may be an indicator of viability of the embryo.

This is the first time that mCG expression by the embryo has been

shown to occur prior to implantation and thus prior to the

establishment of a link between the mother and the embryo. The

presence of mCG at these early pre-implantation stages may

indicate a possible local function for CG at peri-implantation.

Having established the expression of both mCG subunits,

assays were developed to determine the relative abundance of

mCG-B in trophoblastic tissue under various culture conditions. It
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was not possible to develop a similar assay for mcG-cr, and so this

still needs to be fr.rrther investigated. Due to the potential problems

with the amount of RNA recoverable from individual embryos, the

competitive RT-PCR assay developed was only used on tissue

samples from marmosets. For all the embryo and trophoblastic

tissue experiments a competitive PCR assay was developed and

used.

The competitive RT-PCR assay was originally tested on RNA

isolated from maÍnoset pituitaries and placenta. This revealed a

higher abundance of mCG-p-like species in the pituitary than in the

placenta. Related work in the laboratory, using various

combinations of primer pairs was unable to isolate an LH-like

cDNA. This may suggest that the marmoset has a gene(s) for LH-P

which produce a protein product structurally similar to CG, with an

extended C-terminus (Personal communication, Dr. A. P. Simula).

The relative abundance of mCG-B was investigated in trophoblastic

vesicles and pre-implarrtation embryos, however, under the current

conditions, the competitive RT-PCR assay was not sensitive

enough to quantitate the limited amount of mCG-B mRNA, even

though mGAPDH was detected.

To ensure the competitive PCR assay was consistent with the

competitive RT-PCR assay, the results for the levels of mCG-Þ and

mGAPDH in placental and pituitary tissues was compared. This was

confirmed to be the case. The competitive PCR assay was fìrst

tested using placental and trophoblastic vesicle cDNA.

Subsequently, mCG-p expression was quantitated using marmoset
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embryo cDNA from a morula and expanded blastocyst. This showed

that embryos have a variable level of gene expression, which may

be dependent on the viability of the embryo.

A specific and sensitive assay for the detection of mCG

protein has recently been developed (Amatoet aL. 1998). This assay

was used to measure mCG secreted from pre-implantation

marmoset embryos, revealing the secretion of mCG prior to

attachment. Differences were seen in CG output from the

individual embryos, thus the presence of high levels of CG may be

an indicator of viability.

Plasma mCG was also investigated in cycling and pregnant

marmoset monkeys. The profile of CG in pregnancy of the

marmoset was similar to that already published (Chambers and

Hearn L979). As mentioned above, there is some evidence

suggesting that the marmoset may only express a CG-like

luteinising hormone in both the pituitary and placenta. Thus, the

presence of a CG/LH peak was investigated in the plasma of four

marmosets around the time of ovulation. Both the ELISA and

bioassay detected an immunoactive species prior to the time of

expected ovulation, hence, suggesting a CG/LH peak.

Given that 1) the ELISA is specific for mCG, 2) the ELISA is

able to detect an immunoactive species in the marmoset pituitary,

3) the PCR results suggest a higher abundance of mCG in the

pituitary than in the placenta and 4) previous reports suggest that

mCG may serve as mLH when expressed in the pituitary gland
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(simula et ar. 1996), it suggests that the marmoset may have a

gene(s) for cG-B expressed in the pituitary and placenta, and. not a

separate gene for LH-p. This is the case with the equine LHp which

is a single gene expressed in both the pituitary and the placenta

(Murphy and Martinuk 1991).

The qualitative RT-PCR and competitive PCR assays and

ELISA were then applied to trophoblastic vesicles and intact

embryos cultured with or without various cytokines, in an attempt

to investigate the influence of these factors on mCG expression

and secretion ín uitro. The two main cytokines chosen: LIF and

GM-CSF have been shown to down-regulate and up-regulate CG

expression and secretion, respectively, in human cytotrophoblast

cultures (Nachtigall et al. 1996; Garcia-Lloret et al. f989). Four

embryos at either the morula or blastocyst stage of development

were cultured with LIF or GM-CSF and five embryos were cultured

in control culture medium. Ernbryos were cultured from collection,

through blastocyst formation and hatching, and terminated on the

day after attachment. The expression of mCG-cr, -B and mGAPDH

was detected in all embyos, regardless of the presence or absence

of cytokine. Possibly due to the small sample size (4, 4 and 5

embryos in LIF-, GM-CSF-treated and control groups, respectively)

the competitive PCR assay did not reveal any major differences in

the relative amounts of mCG-B relative to mGAPDH expression.

This may suggest that the regulation of mCG by these cytokines is

not at the mRNA level, or that the time in culture was not

Final Discussion 212



sufficiently long to detect any changes in expression. The ELISA

showed variable secretion of mCG and most of the samples were

below the limit of sensitivity for the assay.

Trophoblastic vesicle fragments were cultured with TGF-b, IL-

6, LIF and GM-CSF, however, the results were very inconsistent, in

all the assays, which could possibly be due to the differences in cell

number in the fragments. whole trophoblastic vesicles \Mere

cultured with GM-CSF only. These results were more consistent,

surprisingly, the no cytokine vesicles showed increased mCG

secretion, compared to the treated vesicles.

This strategy of culturing marmoset embryos with or without

cytokine and then analysing the mCG gene expression and

secretion, which is an indicator of viability is a useful method to

investigate the effect of cytokines on CG expression and secretion.

However, for this study, more embryos are required to determine

the full effects of these two cytokines.

The restricted use of human embryos for research purposes

has limited the investigation into the regulation of CG expression.

Given the importance of this protein in early embryonic

development much effort has been placed into developing

alternative animal models to study its regulation. The marmoset

monkey is one such species, which has been used over the last 20

years to investigate primate reproductive physiology. Until

recently appropriate DNA and antibody probes have not been
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available to study CG expression in this species (Simula et aI. lgg5,

Amato et aL. 1998).

In this sudy I have used a non-invasive technique to recover

pre-implantation embryos from mated marmosets. while the

technique has its advantages in respect to the welfare of the

animal, the number of embryos recoverable limited the number of

experiments that were carried out. I therefore, turned to

trophoblastic tissue derived from cultured embryos after their

attachment. This enabled experiments to be carried out to

investigate the influence of cytokines on CG expression.

In order to monitor CG expression and secretion in the

experiments PCR and immunological assays were developed and

characterised in this study. These assays were used to measure CG

in the experiments described earlier. While the depth of the

investigation in this study was not very extensive, there was

sufficient evidence to suggest that the manrnoset could be a very

useful model to study primate pre-implantation development.

Currently there is no proven method for the induction of

superovLrlation in the mannoset, although work is ongoing in this

regard. The development of such a method would allow for the

recovery of a greater number of embryos from a in a single flushing

procedure. This should allow for the design of better experiments

to study CG regulation. In turn this will bring reproductive

physiologists closer to developing improved culture methods for
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IVF-derived embryos prior to transfer to a recipient. Alternatively,

the IVF advances could be used in programmes to preserve the

existance of endangered species held in captivity.
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Appendíx

This list of recipes is in order of appearance from Chapter Two

Materials and Methods.

Estrumate

To 20 mls of sterile PBS, 2O ¡i of estrumate (Estrumate: synthetic

prostaglandin for cattle and horses, 25O þ€/rnl cloprostenol as

sodium salt; Jurox Pty. Ltd.) was added. The solution was kept in a

sterile bottle at 4"C. A 200 - 4O0 pl (0.5 - f .O p€) intra-muscular

injection was administered to each marmoset every three or four

weeks.

Saffan

Saffan (anaesthetic injection for cats; Pitman-Moore Australia

Limited) 'was aseptically transferred by needle and syringe (Terumo)

into a sterile bottle (Department of Pharmacy, OEH). Depending on

the weight of the monkey, 0.5 - O.7 ml of anaesthetic was injected

into their inner thigh (half into the left and half into the right).

a-MEM. buffered u¡ith HEPES

To lOO mls of MQ water, 1.008 g of u-MEM (powdered media, with

Earles salts and L-glutamine and without nucleosides and sodium

bicarbonate; Trace Biosciences), 298 mg of HEPES acid salt (Sigma)

and 325 mg of HEPES sodium salt (Sigma) were dissolved. The pH

Appendix 243



of the solution was adjusted to below 7.4 before filter sterilising

through a O.22 pM disposable filter (Millipore). Two millilitres of

fetal calf serum (FCS; Trace Biosciences), 2 mls of antibiotic

solution (penicillin G 5,OOO U/ml and streptomycin sulphate 5,00O

Wq/rl:l; CSL Biosciences) and I ml of heparin (Sigma) were added

and the flushing media was filter sterilised again into 10 ml

aliquots in Falcon tubes (Becton-Dickinson). This media was air

equilibrated.

cr-MEM culture medium

To 90 mls of o-MEM (liquid media, \Mith Earles salts and sodium

bicarbonate and without L-glutamine and nucleosides; Trace

Biosciences), 10 mls of FCS, 2 mls of antibiotic solution (as above),

f OO ¡rl of transferrin (see below), 100 pl of insulin (see below) and 1

ml of L-glutamine (Gibco) were added. The media was filter

sterilised into lO ml aliquots in Falcon tubes. This media was COz

equilibrated.

Transferrin

To tOO mg of transferrin (human; Boehringer-Mannheim), 4 mls of

sterile MO water was added to prepare a 25 mg/ml solution.

Aliquots were stored at -2O"C. Ten microlitres per 10 mls of media

'were added.
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Insulin

To f OO mg of insulin (from bovine pancreas; Boehringer-

Mannheim), 4 mls of sterile MQ water was added to prepare a 25

mg/ml solution. Aliquots were stored at -2O"C. Ten microlitres per

lO mls of media \Mere added.

Senrm-free cr-MEM

To lOO mls of cr-MEM (liquid media, as above), 5OO mg of bovine

serum albumin (BSA; Sigma) was dissolved. Two millilitres of

antibiotic solution and I ml of L-glutamine were added and the

solution filter sterilised into 1O ml aliquots. This solution was COz

equilibrated.

Diethvl Dvro-carb f DEPCì -treated llrater

To 5OO ml of MQ water, 5OO pl of DEPC (Sigma) was added. The

solution was shaken vigorously, before autoclaving the next day

Solution D

For each sample, 733 pl of 4 M guanidinium thiocyanate (ICN), 44

pl of O.75 M sodium citrate, pH 7.O (Sigma), 65 pl of lOo/o N-lauroyl

sarcosin (Sigma) and I pl of 2-mercaptoethanol (Sigma) 'were

pipetted into an RNAse-free eppendorf tube. The tube was vortexed

and used immediately.
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2M Sodium Acetate, DH 4

To 40 ml of MQ water, was added 16.42 g of sodirrm acetate

(anhydrous; BDH) and dissolved. The pH was adjusted Io 4 with

glacial acetic acid (BDH) and the volume made up to lOO ml with

MQ water.

Water-saturated Phenol

Phenol (ICN) was melted at 65"C and approximately 25 mls was

aliquoted to 50 ml Falcon tubes. DEPC-treated water was added to

the 50 ml mark of the Falcon tubes, the lids sealed tightly and the

tubes shaken vigorously. The two phases were allowed to separate

and the aqueous phase was removed by aspiration and the process

repeated at least 5 times. Finally, fresh DEPC-treated water was

added to the phenol, the tubes were shaken and stored at -2O"C.

Chloroform Alcohol 49:1 ìT

The solution of chloroform (Ajax) and isoamyl alcohol (Sigma) was

prepared as a 49:L ratio and stored in a light excluding bottle at

room temperature.

5O x TAE Buffer

To 4O0 mls of DEPC-treated water, L2l g of Tris.-HCl (ICN), 28.55

ml of glacial acetic acid (BDH) and 50 ml of 5OO mM ethylene

diamine tetra acetic acid (EDTA),pH 8.O (Sigma) were added and

stirred until all solutes had dissolved. The pH was adjusted to 8
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with I M NaOH and the volume made up to 50O ml and stored at

room temperature.

Ethidium Bromide

A 10 mg/ml solution of ethidium bromide was made. The bottle

was wrapped in aluminium foil and stored at room temperature.

RNA Loadíng Buffer

To 30 ml of glycerol (ICN), O.25 g of bromophenol blue (Sigma) was

added. The solution was made up to 10O ml with DEPC-treated

water and shaken vigorously. The solution was autoclaved and

stored at 4oC, with aliquots ready for use at room temperature.

DDPC-treated Phosphate'buffered Saline

One tablet of Dulbecco's PBS (ICN) was dissolved in t0O mls of MQ

water. One hundred microlitres of DEPC was added and the

solution shaken vigorously, before autoclaving the nest day.

tRNA

To IOO mg of baker's yeast IRNA (Boehringer-Mannheim), 10 mls of

DEPC-treated water was added. Aliquots were made and stored at -

20'c.
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dNTP mix

Ten ¡rl of each dNTP (Promega Corporation) was added to 60 pl of

DEPC-treated water. Aliquots were stored at -2O'C.

oligo (dTìrs_primer

The tube containing the lyophilised oligonucleotide (Boehringer-

Mannheim) was centrifuged to ensure collection at the base of the

tube. To make a 5OO pq/rnl concentration, BO pl of DEPC-treated

water was added to the tube containing 40 F.g. The tube was

allowed to sit at room temperature for about 5 minutes and then

the total volume required was pipetted to another tube to be

aliquoted. The solution was stored at -zO"C.

6x DNA LoadinÉ Buffer

To 30 ml of glycerol (ICN) , O.25 g of bromophenol blue (Sigma) and

O.25 g of xylene cyanol FF (Sigma) were added. The solution was

made up to IOO ml with MQ water and shaken vigorously. The

solution was stored at 4"C, with aliquots ready for use at room

temperature.

TE f 10 mM tris. I mM EDTA. DH 8ì

This solution \Mas prepared by adding 0.5 mls of 2 M Tris.-HCl, pH I

(ICN) and O.2 mls of 500 mM EDTA, pH I (Sigma) to 99.3 mls of

DEPC-treated water. The solution was autoclaved and stored at

room temperature.
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Phenol: Isoamvl Alcohol

The solution of phenol, chloroform and isoamyl alcohol was

prepared as a 25:24:l ratio and stored in a light excluding bottle at

40c.

3 M Sodium Acetate

To 8OO ml of MQ water, 408. f g of sodium acetate.3HzO was

dissolved. The pH was adjusted to pH 6 (or 4.8) \¡/ith dilute acetic

acid and the volume made up to I litre. This solution was sterilised

by autoclaving.

LOo/o APS

This solution was prepared by dissolving I g of ammonium

persulphate (Merck) in lO ml of MQ water. The solution was filter

sterilised through a O.2 pM filter and stored at 4"C.

Gel Fixing Solution

To 2,4OO ml of MQ water, 3OO ml of methanol (BDH) and 3OO ml of

glacial acetic acid (BDH) was added. This solution was stored at

room temperature.
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5x Tris'Bora ÍTBEì Buffer

To 9OO ml of MQ water, 54 g of Tris base (Sigma), 27.5 g of boric

acid (Sigma) and 20 ml of 5OO mM EDTA, pH 8.0 was added and

stirred until all solutes dissolved. The volume was adjusted to I

litre and stored at room temperature in glass bottles.

2x TY Broth

To 9OO ml of MQ water, f 6 g of bacto-tryptone (Difco), 1O g of

bacto-yeast extract (Difco) and 5 g of sodium chloride (Sigma) was

dissolved by shaking. The pH was adjusted to 7 with 5 N sodium

hydroxide and the volume made up to I litre with MQ water. This

solution \Mas sterilised by autoclaving and stored at room

temperature.

1 M Calcium Chloride

Calcium chloride (29.4 g CaClz.2HzO; Sigma) was dissolved in 200

ml of MQ water, filter sterilised and stored at 4'C.

L-broth

To 95O ml of MQ water, lO g of bacto-tryptone (Difco), 5 g of bacto-

yeast extract (Difco) and 10 g of NaCl (Sigma) were dissolved by

shaking. The pH was adjusted to 7.0 and the volume made up to I

litre. The solution was sterilised by autoclaving and stored at room

temperature.
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L-Agar

To I litre of L-broth, 15 g of bacto-agar (Difco) was added just

before autoclaving. After autoclaving, the bottle u¡as carefully

swirled to distribute the melted agar. The medium/agar was

allowed to cool to 5O"C before adding ampicillin.

LAgar Plates

30-35 ml of medium/agar per 90 mm plate was poured directly

from the bottle. The surface of the medium in the plates was

flamed to eliminate air bubbles on the surface. Plates were inverted

and stored at 4"C after setting of the agar. 1-2 hours before use,

the plates were placed at 37oC, inverted.

L-Agar Plates \Fith X-Éal and IPTG

To a pre-made L-broth agar plate (with or without ampicillin) 40 pl

of X-gal (2O mglml; 5-bromo-4-chlor-S-indolyl-B-D-galacto-

pyranoside, Boehringer-Mannheim) and 4 pl of IPTG (200 mg/ml;

isopropyl-p-D-thiogalactopyranoside, Boehringer-Mannheim) were

spread individually over the entire surface of the plate \Mith a

sterile glass spreader. The plate was incubated at 37'C until the

fluid was absorbed.
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Ampicillin

A lOO mg/ml stock solution of ampicillin (Boehringer-Mannheim)

was filter sterilised through a O.22 pM disposable filter (Millipore)

and stored at -zO"C.

T-broth

To 9OO mls of MQ water, 12 g of bacto-tryptone, 24 g of bacto-yeast

extract and 4 mI of glycerol was dissolved by shaking. The solution

was sterilised by autoclaving and allowed to cool to 60'C before

adding l0O ml of an autoclaved solution of 170 mM potassium

phosphate (monobasic, KHzPO¿t Sigma) and 72O mM potassium

dihydrogen orthophosphate (KzHPOa; Ajax). This solution was

stored at room temperature .

l0x PBS pH 7.4

Sodium phosphate (21.4 g NazHPO¿.2HzO, O.OL2 M: Ajax), sodium

hydrogen phosphate (4.1 g NazHzPOq.HzO,0.003 M; BDH) and

sodium chloride (87.7 g NaCl, O.f5 M; BDH) were dissolved in MQ

water. The pH was adjusted to 7.4 and the volume made up to I

litre. This was a lOx concentrate solution of PBS and was stored at

room temperature.

Appendix 252



A.ssav Buffer

To 1 litre of lx PBS, O.5o/o bovine serum albumin (BSA; Boehringer-

Mannheim) and O.Ol o/o thimersol (Sigma) was added. The solution

was stored at 4'C.

CoatinÉ Buffer

Sodium carbonate (f f .45 g NazCOs.lOHzO, O.O4 M; Ajax), sodium

bicarbonate (5.04 g NaHCOs {IvilMt = 84.01}, 0.06 M; Ajax) and 0.01%

thimersol (Sigma) vrere dissolved in 9OO ml of distilled water. The

pH was adjusted with HCI to 9.6 and the volume made up to I litre.

The solution was stored at 4"C.

Coating Buffer with Anti-IgG

To 2OO ml of coating buffer, f6O pl of anti-rabbit IgG (O.9 pg;

Silenus Laboratories) was added. The solution was stored at 4'C

BlockinÉ Buffer

To 5OO ml of coating buffer, Iolo BSA (Boehringer-Mannheim) was

added. The solution was stored at 4'C

lllash Buffer

To I litre of lx PBS, O.O5o/o Tween 20 (Ajat) was added. The

solution was stored at room temperature.
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Primary Antibodv

To 199.9 ml of assay buffer, f OO ¡rl of primary antibody (R64) was

added. The solution was stored at 4'C.

Secondarv Antibodv

To f99.9 ml assay buffer, fOO ml of biotinylated secondary

antibody was added. The solution was stored at 4'C

Standards

Partially purified recombinant dimerwas diluted in assay buffer

The range of standards was from 0.3 nglml to 24 ng/rnl.

To 49.995 ml of peroxidase protective buffer (Silenus Laboratories),

5 pl of streptavidin/horse radish peroxidase (Boehringer-Mannheim)

was added. This solution was stored at 4oC.

Substrate

To 9.725 ml of substrate buffer (below), 25O ¡rl of TMB-DMSO

(below) and 25 pl of 3o/o HzOz þelow) was added. This solution was

freshly prepared and used immediately
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Substrate Buffer

Sodium acetate (8.2 g; Ajax) and EDTA (O.37 g; BDH) was dissolved

in MQ water. The pH was adjusted to 5.O \Mith glacial acetic acid

and the volrrme made up to I litre. The solution was stored at room

temperature.

Hvdrogen Peroxide

To O.l ml of 3oo/o hydrogen peroxide (HzOzi Sigma), O.9 ml of MQ

water was added. This solution was stored at 4"C in I ml aliquots in

aluminium foil.

TMB/DMSO

To prepare a stock solution, 1O0 rng/ml 3,3'-5,5'

tetramethylbenzidine (TMB; Boehringer-Mannheim) was dissolved

in dimethyl sulphoxide (DMSO; Sigma). This stock was then diluted

further w'ith DMSO to make a l0 mglml solution. Both solutions

'were stored at 4"C.

Stop Solution

To prepare a 5OO mM sulphuric acid solution, 22.5 ml of

concentrated HzSO¿ (BDH) was added carefully to 975.5 ml Mg

water. The solution was stored at room temperature.
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These graphs show the equivalency point for the cultured embryos

that were able to be quantitated. On the left, of each graph is the

embryo code from TabLe 6.6 and a b for mCG-B or a g for mGAPDH.
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