! * . National Library
of Canada du Canada

Bibliothéque nationale

Canadian Theses Service Seivice des théses canadiennes

Ottawa, Canada
K1A ON4

NOTICE

The qualily of this microferm s heavily dependent upon the
quality of the criginal thesis submitted for microfilming.
Every effort has been made to ensure the highest quality of
reproduction possible.

i pages are missing, coniact the universilty which granted
the degree.

Some pages may have indistinct print especially if the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Reproduction in tuil or in part of this mictoform is governed
by the Caradian Copyright Act, R.S.C. 1970, ¢. C-30, and
subsequent amendments.

NL-339 (r.88/04) c

AVIS

La qualité de cette microforme dépend grandement de la
qualité de la thése soumise au microtiimage. Nous avons
tout tait pour assurer une qualité supérieure de reproduc
tion.

S mangue des pages, veulleZ communiguer avec
l'université qui a conféré le grade

La qualité d'impression de ceftaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylogra-
phiées a t'aide d'un ruban usé ou si 'université nous a fad
parvenir une photocopie de qualité inférieure.

La reproduction, méme partiellc: le cette microforme est
soumise a la Loi canadienne sur le droit d’auteur. SHC
1970, ¢. C-30, et ses amendements subséquents

132

Canada



UNIVERSITY OF ALBERTA

TNSULIN-LIKE GROWTH FACTOR I AS A MEDIATOR OF PORCINE
OVARIAN REPONSES TO NUTRITIONAL REGIMEN

BY

SUSAN T. CHARLTON

A thesis submitted to the Faculty of Graduate Studies and Research in
partial fulfillment of the requirements for the degree of MASTER OF
SCIENCE

IN

ANIMAT, REPRODUCTION

DEPARTMENT OF ANIMAL SCIENCE

EDMONTON, ALBERTA

SPRING 1992



National Library

Eibliothéque nationale
of Canada

du Canada

Canadian Theses Service Service des théses canadiennes

Ottawa. Canada
Ki1A ON4

The author has granted an irrevocable non-
exclusive licence allowing the National Library
of Canada to reproduce, foan, distribute or sell
copies of his/her thesis by any means and in
any form or format, making this thesis available
to interested persons.

The author retains ownership of the copyright
in his/her thesis. Neither the thesis nor
substantial extracts from it may be printed or
otherwise reproduced without his/her per-
mission.

L'auteur a accordé une licence irrévocable et
non exclusive permettant a la Bibliothéque
nationale du Canada de reproduire, préter,
distribuer ou vendre des copies de sa thése
de quelque maniére et sous quelque forme
que ce soit pour mettre des exemplaires de
Cette thése a la disposition des personnes
intéressées.

L'auteur conserve fa propriété du droit d'auteur
qui protége sa thése. Ni la thése ni des extraits
substantiels de celle-ci ne doivent étre
imprimés ou autrement reproduits sans son
autorisation.

ISBN 8-315-73166-4

et

Canadia



UNIVERSITY OF ALBERTA

RELEASE FORM

MAME OF AUTHOR: Susan T. Charlton

TITLE OF THESIS: Insulin-Like Growth Factor I as a Mediator of Porcine
Ovarian Responses to Nutritional Regimen

DEGREE: Master of Science

YEAR THIS DEGREE GRANTED: 1992

Permission is hereby granted to the University of Alberxrta Library to
reproduce single copics of this thesis and to lend or sell such copies for
private, scholarly or <iisntific research purposes only.

The author reserves all other publication and other rights in association
with the copyright in the thesis, and except as hereinbefore provided
neither the thesis nor any substantial portion thereof may be printed or
otherwise reproduced in any material form whatever without the author’s
prior written permission.

) ,
,3__ EPEWAN 7 :/’v/';('_(/,-t P

/

303, 10720-83 Avenue
Edmonton, Alberta
Canada T6E 2E4

”‘ i g /"
Date: '~ fpU




UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and recommended to the

Faculty of Graduate Studies and Research for acceptance, a thesis cntitled
INSULIN-LIKE GROWTH FACTOR I AS A MEDIATOR OF PORCINE OVARIAN RESPONSES TO
NUTRITIONAL REGIMEN submitted by SUSAN T. CHARLTON in partial fulfillment

o7 the requirements for the cdegree of MASTER OF SCIENCE in ANIMAL

REPRODUCTION.

(ﬁw W—*v/lg /

Poxcroft

/ff«?/

Baracos

i S
(_l L \-4'\ &:J P ANVEE V)

F.X. Aherne

(->2uni,0\ %\A,Q/Q/‘/\

F. D Mlller

! ’ L e .
Date: Jfuiid i S/




ABSTRACT
The objective of this thesis was to develop and apply methodology to test
the hypothesis that IGF-1 is a locally produced hormone that may mediate
ovarian responses to changes in metabolic state.

Northern analysis and RNase protection procedures were used to
detect ICGF-1 gene expression in porcine ovarian and hepatic tissues. The
RNase protection procedure was found to be more senstive and, therefore,
more suitable for detecting IGF-1 mRNA in individual animal samples.

A preliminary study established a seven day restrict-fed gilt model
for studies in nutrition-reproduction interactions ‘n our laboratory. A
second stuwdy developed this model to determine whether nutritional
manipulation of the metabolic state of a prepubertal gilt alters ovarian
and hepatic IGF-1 gene expression and subsequent production of IGF-1.
Elever pairs of littermate gilts (75kg) were placed on a maintenance level
of feeding for seven days. On d8, littermates were split into two groups
and either maintenance-fed or fed to-appetite for a further six days.
Blood samples were taken, via indwelling jugular cannula, on d13 (07.00-
16.00h) to determine plasma insulin and IGF-1, and on dl4 (02.00-06.00h)
to determine plasma GH. Following slaughter on dl4, one ovary from each
animal was retained to measure follicular fiuid IGF-1 and estradiol. The
remaining ovary and a sample of liver were retained for mRNA analysis.
Analysis indicated significant increases in plasma IGF-1 (P<0.005) and
basal insulin (P<0.05), in response to six davs of re-feeding, with no
effect on plasma GH. Ovarian follicular volume and diameter were
significantly 1larger after re-feeding (F<0.05) with no changes in
follicular fluid estradiol. Mean follicular fluid IGF-1 concentration was

unaffected by treatment, however regression analysis revealed significant



effects on individual follicular fluid ICF-1 content (P<0.05Y. Analvsis of

IGF-1 mRNA indicated iacreases in hepatic 1GF-1 gene exMpression but

decreases in ovarian IGF-1 gene expression in response tc re-feeding.

The results from this studvy suggest that IGF-1 mav  act  as  a

paracrine or autocrine indicator of metabolic status at the level of the

ovary, and that IGF-1 gene expression is differentially regulated by

metabolic status in hepatic and ovarian tissues.
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CHAPTER 1

Insulin-Like Growth Factor I as a Mediator of
Porcine Ovarian Responses to Nutritional Regimen



1.1. INTRODUCTION

The metabolic

n

tate of an animal is defined as whether the animal is

tate of anabolism or catabolism although the metabolism of an animal

-
=
o
0]

is in fact dynamic with continuous tissue gain (anabolism) and loss
(catabolism). If an animal is in an anabolic state, there 1s a surplus of
energy available above that required to maintain the animal at its present
body condition and weight. As a consequence, the balance between anabolism
and catabolism shifts in favour of anabolism and there is a n:t gain in
tissue mass. In a growing animal, surplus energy, which may be
carbohydrate or protein in nature, 1s used initially to fuel tissue
proliferation and differentiation. Excess energy to * 2 requirement for
growth are either stored (ie. lipids and carbohydrates) vr metabolised and
excreted (ie proteins and amino acids).

If an animal is in &a catabolic state, insufficient energy 1is
available from dietary sources to maintain the animal’'s condition and body
weight. In this case, the balance between #«nabolism and catabolism shifts
in favour of catabolism as the animal metabolises the most accessible
stored energy (for example glvcogen and lipids) to make up the deficit in
energy required. These stores are rapidly depleted and the animal then
begins to breakdown tissue protein in order to produce the necessary
energy to maintain essential functions.

When an animal becomes catabolic, reproductive function is
depriovitized in favour of more essential bodily functions. In essence,
reproductive activity is suspended. It therefore follows that nutrition
has important effects on reproductive status. In the following review, I

discuss the effects of feeding level on the reproductive development of



The prepubertal gil
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larly the vifects on ovarian development.

I propose that insulin-like growth factor 1 (IGF-1) is a growth fac:o

that might be a metabolic signal mediating the effects of nutrition at the
level of the ovary. Therefore, 1 investigate the effects of feeding level
on IGF-1 gene expression and circulating levels. in addition to the

characteristics of the IGFs and cthe proposed autocrine /paracrine functions
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ODUCTION INTERACTIONS
The effects =f nutrition on the reproductive status of the female

are well documented in both humans and animals. For comprehensive reviews

on this subject the reader is referred to I'Anson et al. (1991). Bronsun
& Manning (1989) and Zameron (1989). In general, undernutrition of

immature znimals has been found to delav or completely inhihit atrainmenr

of puberty, while in mature animals, reproductive cycles become erratic or
stop completely. If an undernourished animal does succeed in becoming
pregnant, conception rates are low and the return to a fertile cyclic
state fecllowing parturiction will be delayed.

The exact mechanisms mediating the interactions between the

[
¢}

nutritional status of an . iimal and its reproductive system are obscure,

but several theories have emerged to explain this complex azpect of animal
p

physiology (reviewed by I'Anson et al., 1991). 1Initially it w

o
I

hypochesised that the interaction between nutrition and reproduction was
related to body composition (Frisch & Revelle, 1971). Now evidence

suggests that the interaction is metabolic in nature, with dynamic change:s

e,

in metabol
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changes in body condition. Gut peptides, released from the
gastrointestinal tract as a result of stimulation by specific constituents
of food, have also been implicated as possible signals. These gut peptides
may act as neuropeptides, and as such, influence the reproductive system
via the central nervous system (Snyder, 1980) .
Undernutrition of females of many species results in hypogonadism.
For example, using prepubertal gilts that had been restrict-£fed for seven
ays, Booth (1790) demonstrated that short term feed restriction reduced
luteinizing hormone (LH) pulsatility in the absence of changes in body
composition. Ovarian and uterine development were also impaired. Re-
feeding of the same gilts with either a single feed to appetite, or a
parenteral infusion of glucose, resulted in restored LH pulsatility within
six hours. These results also suggest that the reproductive status of the
prepubertal gilt is not primarily affected by body composition or, changes
in levels of gut peptides, but is instead under the influence of changes

in metabolic state.

1.3. MEDIATORS OF NUTRITION-REPRODUCTION INTERACTIONS

If reproduction is dependent on changes in the metabolic state of an
animal, the next question asked must be what aspects of this change in
metabolic state mediate the interaction between nutrition and
reproduction?. Further more, at what level do these interactions occur?
Are such the interactions systemic or local? Experimental manipulation of
metabolic state by feeding level, or by other means, has been used in
studies designed to identify possible 1links between metabolism and

reproduction. Several ideas are emerging as to what these links are.



One theory suggests that blood glucose level is a possible metabolic

cue for reproduction. McClure (1967) demonstrated that wroplveoaemia
inhibited reproduction in mice. Fasting, or treatment with both insulin or
2-deoxyglucose (a drug that decreases intracellular glucose utilization),

reduced fertilicy. Administration of human chorionic gonadetropin (HCG)

prevented the observed infertility, suggesting that induced hypoglveaenmia
affected reproduction indirectly at the level of the hypothalamus -
pituitary axis rather than directly at the level of the gonads. Similar
observations were made using 2-deoxyvglucose in cvclic heifers (McClure et

al., 1978) and in ancestrus ewes (Crump & Rodway, 1986).

The mechanism by which hypoglycaemia inhibits reproductive activicy
may be simply a corzequence of limited fuels available fer reproductive
processes. However, as low blood glucose levels affect metabolism on a
whole bedy =czle, including the reproductive system, this is uniikely to
be the case unless the reproductive system is more sensitive to
hypoglycaemia. It seems more likely that other more specific metabolic
cues, such as insulin, are alsoc involved in the deprioritization of the
reproductive system in favour of other more essential bodily functions.

Specific insulin binding sites have been located within the
hypothalamus and particularly in the region of the arcuate nucleus (Van
Houten et al., 1980). Therefore, although glucose uptake by the brain is
independent of both insulin and normal blood glucose levels, binding of
insulin by these sites may regulate the utilization of glucose by the
brain, particularly as cerebral spinal fluid levels of insulin have beecrn

found to be correlated to basal levels of plasma insulin (Woods & Porte,

1977). In this way insulin levels may be able to act as a metabolic



cignals for reprcduction at a central level, and in particular at the
level of the hypothalamus.

In direct relation to reproduction, however, insulin has been found
to havve both inhibiteory and stimulatory effects. McClure (1967!, as
described above, demonstrated that insulin treatment has an inhibitory
effect on the reproductise status of mice. Insulin ctreatment of vyoung
cyclic gilts, however, has been shown to enhance reproductive status
(Jones et al., 1983): insulin had positive effects on reproductive
activity at the level of the ovary without affecting gonadotropin,
secretion as insulin-treated gilts thet exhibited estrus had highex
ovulation rates, while neither LH peak amplitude or baszl levels were
altered. These data suggest that, in swine, there may be differential
control of reproduction by metabolic state at the leve® of the ovary
compared to the hypothalamus-pituitaryv awis.

These results were confirmed in a second study by the same group
that determined the effects of short or long term acting insulin treatment
on the ovulation rates and pattern of LH secretion in cyclic giltcs fed a
high energyv diet (Cox et al., 1887). Both forms of insulin treatment were
found to significantly increase o¢vulation rates in the abssnce of
significant increases in IH peak amplitude or basal level=s. Iimilar
results were found using a modification of the seve™ day restrict-rfed gils
model developed by Booth (1290). The LH secretion of prepubertal gilts was
partially, but chronically, suppressed using the oral progestagen allyl
trenbolone ("Regumate"), and the gilts were placed on a maintenance level
of feeding. After seven days on this feeding regimen, animals were either

re-fed to appetite or continued at a maintenance level of feeding. The



results from this studyv indicated that, even in the absence of increasing
LH secretion, re-feeding of short-term restrict-fed gilts can of stimulate

ovarian development and function (Cosgrove et al., 1991), again suggesting

that there 1s regulation of ovarian development and function by changiny

metazbolic state independent of effects at the level of the hyvpothalamic-

To summarize, there must be one or more metabolic signals that

mediate the effects of metabolic state on reproduction, and these signals

do not necessarily have the same effects at the level of the ovary as thev

do at the level of the hyporhalamus. Blood glucos= level and insulin have

both been implicated as having such roles. Suprporting evidence, however

is conflicting and as a result other metabolic factors are being

considared. In

ha)
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ticular, attention has switched te finding pocoo
candidates for the role of a2 metabolic signal at the level of the ovary.
As mentioned earlier, the hypothesis for this thesis was that the peptide
hormone Insulin-like Growth Factor 1 (IGF-1) fulfils the role of

Sl a1

metabolic signal. The remainder of this review will therefore provide the

theoretical basis for this hypothesis.

1.4. INSULIN-LIKE GROWTH FACTORS - THE EFFECTS OF NUTRITION

It is well established that growth hormone stimulates the production
of IGF-1, and that many of the actions of growth hormone are mediated by
this growth factor (for a comprehensive review on this subject the reader
is referred to Sara and Hall, 1990). However, studies of the effects of

nutrition on circulating IGF-1 levels and IGF-1 gene expression, provide



evidence suggesting that IGF-1 production 1s also dependent on the
nurtritional status of an animal. In 1976, Phillips and Young, using a
cartilage growth bioassay, showed that IGF-1 activity in cartilage tissue
was reduced in young male rats after a 72 hour period of fasting.
Following six hours of re-feeding, ICGF-1 activit:y increased and was
restored to control levels after 24 hcurs. The observed decrease in IGF-1

-

activity appeared to be a result of a nutritiona! v-induced uncoupling of
the growth hormone-IGF axis, rather than as ¢ asequence of a growth
hormone deficiency, as treatment of the fasted rats with bovine growt

hormone did not prevent the drop in IGF activity. Therefore another
stimulant for IGF-1 production, acting eicther directly or indirectly, was

absent in the fasted animal.

Similar studies have been carried out in humans and pigs on the

H

effects of nutrition on plasma levels of IGF-1 rather then ~»n tissue IGF-1

t

content. Obese men were found to have a 75% reducrtion in glzrma
immunoreactive IGF-1 levels following ten days of fasting, which were
rapidly restored to pre-fasting levels upon re-feeding (Clemmons et al.,
19€1). Restrict-feeding of pigs also resulted in a decrease in plasma IGF-
1 (Buonomo & Baile, 1991). In this study the effects of short-term fasting
and subsequent re-feeding on circulating IGF-1 and other hormone levels
were examined in barrows. Plasma IGF-1 levels were found to be reduced by
53% after 48 hours, even though there was an elevation of growth hormone.
Re-feeding resulted in a significant decrease in growth hormone within twe
hours, concomitant with increases in insulin and triiodothyromnine (T: ;
however, IGF-1 levels did not return to pre-feeding levels until 24 hours

after re-feeding. It was therefore suggested that insulin or T3 may be



meciating growth hormorne-stimulated producrion of IC

ol

1
L.

Molecular evidence demonstrating the effects of nutrition on 1IGF-1

production was provided by Elmer and Schalch (1987). They  studied the

effects of fasting on hepatic gene ewpression for IGF-1 in rats. Thev

identified three hepatic IGF-1 mRNA transcripts with sizes of 8.0, 1.8 and

1.1 kb. Upon fasting, the levels of the 8.0 kb transcript decreased

progressively after six hours, to reach only 39% of control levels after

30 hours. When rats were re-fed after 24 hours of fasting, by six hours

the amount of 8.0 kb transcript had exceeded normal levels and was 18

times higher than in the fasted rats after 20 hours of re-fecding.

"he site of the nutrition-sensitive control point in the growth
hormone-IGF-1 axis is unclear, but a number of studies have been carried

out in an attempt to identify such a site. Using a streptozotocin-induced

Cliabetes, the effects of reduced insulin levels may be studied without

alterations of feed intake. Maes er ~1. (1986) used this model to look at

the responses of diabetic and control rats to bovine growth hormone

treatment. Their hypothesis was that reduced insulin levels, incurred in
a =state of nutritional deprivation, a..sred either (or both) growth

hormone receptor affinity or numbers. However, their results actually

refuted their hypothesis as reduced insulin levels had rno effict on ¢ither
hepatic growth hormone binding affinity constants or binding capacity.

They therefore concluded that the growth hormone-resistant state observed
is due to a post-receptor defect rather than an inability of grow:h
hormone to interact with its receptor.

The results obtained by Maes et al. (1986) are consistent with theoge



induced), fasted (three days) and protein-deficient rats, Bornfeldt et =21.
(1989) demonstrated that hepatic gene expression for IGF-1 was reduced in
all three states, while expression of growth hormone receptors was reduced
in only the fastid and protein-deficient states. It appears therefore,
that although insulin levels and IGF-1 gene expression are reduced in all

te of the uncoupling of the growth hormone-

b

three metabolic tmates, the

(5]

IGF-1 axis depends on whether the reduction in circulating insulin is as
a consequence of nutritional deprivation or due to insulin deprivation. In
a diabetic sicte, the uncoupling site appears to be distal to receptor
binding, while in nutritional deprivation the uncoupling site is a
reduction in receptor binding capacity. These conclusions are supported by
an earlier study demonstrating a 60% decrease in the number of hepatic
binding sites, but no change in binding affinities, in rats that were
starved for three days (Baxtevr ec al., 1981).

The difference between diabetes and the nutritional deprivation may
be that in diabetes the treatment focuses on insulin and effects on other
endocrine systems are secondary, while in nutritional deprivation model
treatment affects are less focused and other endocrine syvstems in addition
to insulin production are primarily affected. An example of such an
alternative endocrine system is the thyroid system. Thyroid function has
also been shown to play a role in insulin-mediated growth hormone
stimulation of IGF-1 production. IGr-1 and 2 are both moderately reduced
in hyvpothyroid patients (Furlanetto, 1983). Thyroid function interacts
with the growth hormone-IGF-1 axis at two points: thyroxine (T,) plays a

regulatory role in the secretion of growth hormone and also potentiates

the action of growth hormone on hepatic IGF-1 synthesis. In relation to



rnutrition, undsrnustrision v, normal or low T,

levals, depending on the abilityv of the patient to adapt to nuiritional
deprivation. In gensral though, starvation results in a hypothyvroid stare
with a deficiency of T; (Mosier & Knauer, 1983) .

From the evidence presented above. it is possible to conclude that

IGF-1 production 1is sensitive to nutritional status. In states of

undernutrition, growth hormone binding capaclity 1is diminished due to
reduced production of growth hormone receptors. Evidence strongly supports

the hypothesis that insulin plays an important role in the coupling of the

growth hormone-IGF-1 axis. However, evidence suggzests that other endocrinn

systems, such as that of the thiroid hormones

e - N R LEE T R . -
S, allc QLSS0 L LR LY o be

involved and therefore must not be discounced.

Evidence provided so far introduces the concept that insulin-like
growth factor 1 may be an important mediator of the effects of nutrition

on reproductive function. The following will be & discussion of the

t

characteris

-ics and the functions of ICF-1, particularly with

local effects in the ovarwv.

1.5. THE INSULIN-LIKE GROWTR FACTOR S¥STEM - CHARACTERISTICS
AND FUNCTIONS
1.5.1 Historical Background
The insulin-like growth factors (IGFs) were first regarded as three
separate biological factors present in serum. They exerted quite distinct
biological activities: 1. Sulphation activity, 2. Non-suppressible

insulin-like activity, and 3. Multiplication-s

t
eS8

Imulating activity. In



1227, Salmon and Daughoday observed that rat serurn stinmulated a two-Iold
- . g~ - . - - - ~
increase in the uptake of “°S-sulphate into in vitro 1incubations of

cartilage. They also demonstrated that the serum of hypophysectomised rats
was unable to exhibit such sulphation activity. In their incubation
system, the sulphation activity could not be reinstated by the addition of
growth hormone (CGH) to the medium but was induced by adding the serum of
growth hormone-treated hypophysectomised rats. From these findings, the
authors concluded that GH may induce the formation of serum factors that
mediate the action of GH. "aey referred to these factors as "Sulphation
Factors".

Meanwhile, several other ©properties of serum were being
investigated. Following the advent of the insulin radioimmunoassay, it
became evident that the effects of serum on insulin target tissues, such
as muscle and adipose tissues, were greater than expected on the basis of
the serum insulin content. Froesch er al. (1963) demounstrated that 90% of
the insulin-like effect of serum on rat adipose tissue was not suppressed
by anti-insulin serum. They therefore concluded that the "non-suppressible
insulin-like activity" (NSILA) was due t¢ an insulin-immunologically
distinct substance.

In addition to exerting sulphation and insulin-like activity, serum
was also found to have growth promoting effects. In 1972, Pierson and
Temin extracted factors from serum that were found to have multiplication-
stimulating activity (MSA). These polypeptide substances were found to
have a molecular weight of approximately 10,000 Da and when added to a
culture medium, they stimulated cell proliferation. In the following vear,

Dulak and Temin (1973) found that cultured rat liver cells would secrete
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multiplication-stimulating activity into a culture medium. This was the

irst demonstration that MSA is produced by the liver.

When the three isclated factors were compared, it soon hLecome

apparent that these substances were members of one large familv of

polypeptide hormones. In 1972, the term "Somatomedin” was introduced bv

the consensus of the workers in the fieid (Daughaday et al., 1972) rto
classify the uncharacterised factor(s) that exhibited both somatic groveh

stimulating activity and insulin-liks effects. Now the term "insulin-lilke

growth factor" has been adopted to describe this group of growth factors.

1.5.2. IGF Structure

Rinderknecht and Humbel (1978a, b) determined that IGF-1 and IGF-2
are hownlogous peptides that are structurally related to pro-insulin. Both

growth factors are single-chain molecules with three intra-chain

disulphide bridges located in the same positions as in insulin (Froesch,

1983). IGF-1 consists of 70 amino acids while IGF-2 consists of 67. Their

molecular weights are 7,646 and 7,471, respectively.

The mature IGF peptides consist of four different regions: A, B, C

y

and D. The A and B domains are joined by a short connecting C region that

consists of twelve amino acids in the IGF-1 molecule and eight amino acids
in the IGF-2 molecule. The D region is an eight amino acid (IGF-1) or a

six amino acid (IGF-2) extension of the A chain. The amino acid Sequences

of the two IGFs are ident

=0

cal in 45 positions, resulting in a sequence
homology of 62%. In addition to the A, B, © and D regions found in the
mature IGF peptides, the precursor IGF-1 peptide contains an E region. The

role of the E peptide is unclear, however it has been suggested that the



£ region Iz arn emxtensicn peptide thet plars an important role in the
efficlert trancport of the newly synthesized ICT molecules across the
endoplasmic reticulum (Tavakkol ez =2I1., 1¢38). Pro-insulin centains
cie it i e B Arernies —p ks TOT coeed So s e ot A e o s mmemammen S e o
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“oa serguence homology betwszen pre-insulin and the Two grow:sh factors.
Howewver, wuniikes insulin there is mno loss of the C region in <the

production of the IGFs. Insulin does not contain a D region.
Due to the similarities in the structures of the IGFs znd insulin
and their recepTors, and theji~ biolocgical actions, it is thought that ail

-

three molecules and other related hormonzs such &as relaxin and nerve

growth factor (NGF) probably evolved from the same ancestral gene
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diversion of the ancestral gene to insulin on one hand and IGF on the

other occurred approximately 600 million years age, when vertebrates

ICF-2 is estimated to have occurred at about The time that mammals firsc
appeared on Earth ie. 300 million vears ago. This diversion of the
ancestral gene resulted in a family of genes that code for insulin and
insulin-like growth factors and their rela=ed growth factors.

The structure of the IGFs appears to be hizhly conserved between
T gndis

(Y
(o))

[ N

species as determined by comparing the amino acid sequences characteris

from either the protein or the ¢DNA sequence. Bovine, porcine and human

[t
V8

IGF-1 have been found to b dentical (Sara & Hall, 1990) while rat and

[

cF

th

Mmotase -1 differ from bovine by three and four amino acids, respectively

(illustrated in Figure 1.1.). Differences ir. IGF-2 structure are found

mainly within the B and C domains. Human and bovine IGF-2 differ only by

[
L)



Figure 1.1. Schematic comparison of amino acid sequenc.
and rodent mature IGF-1 peptides
alphabet code to differentiate
single-letter code, are

in humas, bovine
compared to porcine IGF-1

, usingy an
amino acid residues.

Amino acids, in
nunbhered above the i

sequence;  the peptide
divided into domaine R £ & and N Shciceens s T T

different amino acid residue is denoted.
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three amino acids while human and rat IGF-2 differ by four amino acids

Computer-aidad modelling of the IGFs suggests

tertiary structure that is similar to that of insu:lin (Blundell e:c

1983). This structural s

[=n

milarity between the two ICGFs and insulin helps

to explain the cross reactivity of these hormones at the level of their

membrane receptors and thus their similar biological activity. Bwv

studyving

differences in three-dimensional models of the IGFs and insuilin. and then

comparing these differences with the biologica activities ot i
molecules, 1t has been possible to tentatively define the wvariou

functional sites within the IGF structures. It has bezen suggested that o

region toward the end of the B domain may be important in binding to the
IGF-1 receptor. Binding to the IGF-2 receptor, however, must involve

(&)

S8

re2gion that 1s not shared by insulin as there is negligible crosc-

reactivity between insulin and the IGF-2 receptor (Dafgard er ail., 1985;.

1.5.3. Gemne Structure

The gene for human IGF-1 is located on chromosome 12, while the gene
for IGF-2 is located on chromosome 11 in close proximity to the insulin
gene (Brissenden et al., 1984). Both of the ICGF genes span a considerable
length of their respective chromosomes and are also similar in that they
have a discontinuous structure containing several exons.

The length of the human IGF-1 gere is not known exactly but it does

contain 5 exons with an undetermined gaj; between exons 2 and 3 (Jansen ot

-

al, 1982). Exon 1 contains 5’ untranslated sequences, while exons 2

~
!
=
e
W

encode the signal peptide as well as the int

i

cc IGF-1 A, B, C and L

regions and the first 16 amino acides of the E reglon. Exons 4 and

wn
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consist of sequences that encode the remainder of the E region as well as
the 3’ wuntranslated sequences that encode alternative polyadenylation
Sequences.

Differential splicing of the primary hIGF-1 mRNA transcript results
in two different mRMNA transcripts that differ in their E regions (Rotwein
et al, 1986). The two alternative mRNA molecules are known as IGF-la and
IGF-1b: 1IGF-la mRNA contains exons 1, 2, 3 and 5; while IGF-1b mRNA
contains excns 1, 2, 3 and 4. (illustrated in Figure 1.2.). The IGF-1 gene
therefore encodes two alternative precursor proteins for the IGF-1
protein: one, a protein containing 153 amino acids, 35 of which are the E
peptide (ICF-la) and the second, a protein conteining 195 amino acids, 77
of which ave the E peptide (IGF-1b).

In «addition, there appears to be differential expression of other
sequences of the IGF-1 gene. Lowe et al. (1987) demonstrated that there is

ifferential expression of alternative 3’ untranslated regions in mRNAs
encoding rat IGF-1. They demonstrated that three distinct IGF-1 mRNA
species exist that are dissimilar in the 5’ untranslated regions. They
classed the three species as Class A (323 bases), Class B (297 bases) and
Class C (242 bases).

Mulciple IGF-1 mRNA transcripts have been identified in different
species that may reflect the use of alternative 5' untranslated regions as
well as variable polyadenylation sites at the 3’ untranslated region. In
rat (Murphy et al., 1987), human (Shimatsu & Rotwein, 1987), bovine (Glimm
er al., 1991) and porcine tissues (Tavakkol et al., 1988; Simmen et al.,
1990), two major transcripts have been identified: 8.0 Kb and 0.8-1.1 Kb.

In the porcine endometrial tissue, a 2.3 Kb transcript has also been

16



Figure 1.2. A schematic representation of the human IGF-1 gene and its two
alternative IGF-la and IGF-1b mRNA transcripts.

The IGF-1 gene consists of five exons (solid regions) separated by
introns of undetermined lengths. Both mRNA transcripts contain exons 1, 2
and 3, encoding the 5’ untranslated region and the B, C, A and D regions
of the mature IGF-1 peptide. The transcripts differ in their E and 37

-

untranslated regions, encoded by either exon 4 or 5.
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identified (Tavakkol er &1.. 1888; Simmen e L., 1990y,

2L

As vyet mno differences in the biological activities of the
hetcrogeneous transcripts from the IGF-1 gene have been found. However,
Sara and Hall (1990) suggest that the observed alternative mRNA processing
may provide a mechanism by which IGF-1 svnthesis and subsequent fun
are regulated.

The human IGF-2 gene consists of eight exons that extend over 30
kilobases of the DNA (Sara & Hall. 1990). Exons 1-4. 4b and 5-7 contain
the sequences that encode the precursor protein as well as the 3°
untranslated region. Like IGF-1 expression, there 1is differential

regulation of the expression of the IGF-2 gene. The various promoters

present result in the production of different transcripts.

1.5.4. IGF Receptors
1l.5.4a. Receptor Structure and Properties

The following will be a brief account of the structure and
properties of the IGF receptors. For more extensive reviews, the reader is
referred to Rechler and Nissley (1985) and Nissley et al. (1985).

As the IGFs are polypeptide hormones, in order to initiate a
biological response in the appropriate target tissue, they must bind to
specific and saturable sites on the plasma membranes known as receptors.
Two different types of IGF receptor have been characterised (Rechler &
Nissley, 1983). The two subtypes of IGF receptors were identified by the
binding of tracer amounts of icdinated IGF-1 or IGF-2. IGF-1 was found to
bind preferentially to the Type 1 receptor while IGF-2 hound

preferentially tec the Type 2 receptor. However, although preferential

18



binding was observed, studies showed that there was also potential for
extensive cross-reactivity (10-100%) (Rechler & Nissley, 1985). For this
reason, the two receptors were designated as Type 1 and Type 2,
respectively, rather than the IGF-1 receptor and the IGF-2 receptor.

Both receptors are thought to be located within the plasma membrane,
as illustrated in Figure 1.3. Using immuno-precipitation techniques, the
Type 1 receptor has been found to consist of two extracellular salpha
subunits (approximately 130 KDa) and two transmembranal beta subunits
(approximately 95 KDa) (Kull et al., 19832). The structure of the human
Type 1 receptor has also been identified using placental cDNA (Ullrich et
al., 1986). The Type ' receptor 1is encoded In a precursor protein
(approximately 152KDa) consisting of one alpha subunit and one beta
subunit. This ©protein 1is then glycosylated, dimerized and then
proteolytically processed to produce the mature transmembranal complex.

The primary structure of the Type 1 receptor is very similar to that
of the insulin receptor. This explains why there is cross-reactivity
between IGF-1 and insulin and their associlated receptors. At high
concentrations, insulin is able to cross-react weakly with the Type 1
receptor. Both receptor types contain alpha and beta subunits although
there 1s evidence for small differences in the sizes of the respective
subunits (Stuart ez al., 1984). However despite discrepancies in subunitc
sizes, the insulin and Type 1l receptor structures are remarkably similar,
leading to the conclusisn that they may have evolved from the same
ancestral gene 1n the same way that IGF-1 and insulin may have done.

The Type 2 receptor is structurally unrelated to both the Type 1 and

insulin receptors. As already mentioned, the Type 2 receptor

19



Figure 1.3. A schematic representation of the IGF type 1 and type 2
receptors.
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preferentially binds to IGF-2. There is some ¢ross-reactivity with IGF-1,

but the Type 2 receptor is insensitive to insulin. Morgan ec al. (1987)

characterised the primary structure of the human Tyvpe 2 receptor from the

cDNA sequence obtained from the human hepatoma cell line Hep G2. The Tvpe

2 receptor consists of a large extracellular domain attached to a single

transmembranal region with a small intracellular domain and has a total

molecular weight of 250 KDa. As a consequence. approximately 93% of the

receptor protein is extracellular.

The binding of the IGFs or insulin to the Type 1, Type 2 and incgulin
receptors appears to result in the autophosphorylation of the receptor
proteins. The phosphorvlation sites of the insulin and Tvpe 1 receptors
appear to be on the beta subunit of the transmembranal receptor complex
(Jacobs er al., 1983). Phospho-amino acid analysis indicated that the
phosphorylation occurred on the tyvrosine residues as a result of protein
kinase activity. Haskell et al. (1984) demonstrated that the Type 2

receptor is also phosphorylated in intact rat cells. Autophosphorylation

of the Type 2 receptor and the presence of protein kinase activity have

yet to be confirmed.

1.5.4b. Regulation of IGF Receptors

There is extensive down-regulation of the Type 1 receptors. IGF-1
and insulin have been found to down regulate the Type 1 receptors on
monolayer cultures of human skin fibroblasts (Rosenfeld & Dollar, 1983).
Scatchard analysis of the binding data indicates that down-regulation is
accounted for by a reduction in receptor number rather than . decrease in

binding affinity.
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Type 2 receptors do not appear to be down-regulated. However there
is evidence for extensive up-regulation of this receptor type. Following
a brief incubation with insulin (107*°), IGF-2 binding to rat adipose Type
2 receptors 1is increased (King et al., 1982). IGF-2 binding was also
increased by pro-insulin and antibodies antagonistic to insulin receptors.
It appears that the pro-insulin and insulin receptor antibodies are acting
via the insulin receptor. Using Scatchard analysis, it appears that this
indirect up-regulation of the Type 2 receptor by insulin is via an
increase in the Type 2 receptor affinity rather than by an increase in

receptor numbers.

1.5.5. Circulating Levels of IGFs

Unlike many other hormones, production of the IGFs is not associated
with any one particular tissue or cell type, although the liver is thought
to produce the majority of circulating IGF-1. It is not synthesised by a
specialised cell, retained within vacuoles and then released upon an
appropriate stimulus. The IGFs are released by a wide range of tissues
directly into the blood circulation (as will be elaborated on later in
this review) and in fact it is the blood that acts as the storage depot
for these growth factors.

Studies have been carried out to characterise circulating levels of
both the IGF-1 and IGF-2 with respect to age in pigs, humans and rats. In
growing swine, IGF-1 levels increase from approximately 10 to 140 days of
age, just prior to puberty (Owens et al., 1991; Louveau et al., 1991). In
humans, Daughaday and Rotwein (1989) describe a progressive rise in IGF-1

during childhood, reaching mean adult levels just prior to puberty. During
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puberty there is a two to three fold rise in serum ICGF-1 which is

presumably associated with the sudden increase in sex steroids a: this
time. At any particular time, serum IGF-1 levels were higher in givl: when
compared to boys of the same age which is consistent with the more rapid
maturation observed in girls. After puberty, serum IGF-1 continues to

increase as growth velocity subsides until growth is negligible. IGP-1
levels then begin to decrease until average adult IGF-1 levels arc reached
in the early twenties. These levels are then maintained until about sixtv
vears of age when IGF-1 levels ouce again begin to decline. A similar

pattern for IGF-1 secretion has been observed in rats where circulating

IGF-1 levels begin to rise when growth becomes growih hormone dependent.

When the rat, human and pig are all compared, one thing is apparent
in all three species: IGF-2 plavs a minor role in postnatal growth and
development when compared to IGF-1. In the human, IGF-2 levels increasec
rapidly during the first vear and are then maintained at a relatively
constant level throughout life, suggesting that the growth factor may play
an important role in the first twelve months of life but not in later
maturational events, as no significant changes in IGF-2 levels have been
found at puberty (Sara & Hall, 1990). In the rat IGF-2 levels are high

Prenatally but decrease at birth, again suggesting a minimal role iu the

attainment of puberty (Sara er al., 1980). In the pig, IGF-2 levels do

increase in the first few months of life, but the rate of increase is

lower than for IGF-1 (Owens er al., 1991).

1.5.6. Binding Proteins

Because of the high degree of insulin-like activity of the growth
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protected from this insulin-like activity and prevented from becoming
hvpoglycaemic. The production of high affinity binding proteins tTo which

vole. These binding proteins play an integral yet unclear role 1in the
regulation of the IGFs. In recent vszars, those working in the area of IGF
research have turned their attention To elucidatzing the complex roles
played bv these high molecular weight proteins iIn the regulation of ICGF
activity. For an extensive review on this aspect of the IGEF physiology,
the reader is referred te Baxter and Marctin (1%89).

There appear to be two classes of the serum binding proteins: the

larrer 150 ¥Da protein binds 80s of the circulating IGFs. wnile the
remaining IGFs are bound to the smaller 25 KDa binding protein. The exact

physiological rcles of these two mejor forms of binding protein, and their
many variants, remain unclear but it is thought that the major role of the
150 KDa protein is tTo act as a storage depot fo:x the large amounts of
circulacing growth factors.

The <cm2llcr binding protein possibly act as an intermediatery

binding prote.n which binds to the IGF when it <first enters the

circulation. Kaufmann and co-workers (1977) found that when iodinated IGF

T
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s injected into rats, although the radicactive IGF was initially bound
to the smaller binding protein, binding activity was rapidly associated

)

with the larger binding protein. Overall, both forms of binding protein
serve to extend the half life of the circulating IGFs: free IGF-1 has a

half life of about 20 min, whereas thzat bound to the smaller binding

complex has a halt life of three hours and that bound to the larger



complex, 13-20 hours (Hollwv & .. '3, 1852

1.5.7. Autccrine-Paracrine Roles of IGF-1
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by Dulak and Temin (1973), led to the conclusion thar IGF was produced bv

the liver. It 1is mnow generally accepted that circulating IGF-1 is

primarily of hepatic origin. However, although it was originally thought
that the only source of IGF-1 was the liver. it is now known that the

majority of body tissues are capable of producing this growth factor.

IGF-1 production by other tissues was initiallv demonstrated with

1
vitro cell culture studies, and more recently from the detection of IGF-1
gene expression in rtiaguss oarher chen hamaeis ciocp I SRS ol
4 T sion i Cissues orher thon henssic =iccne onizs amolooulo:

biology techniques. Murphy and co-workers (1987) demonstratved the presence

of IGF-1 gene expression in rat fore brain, lung, ovary, testis, uterus,

-

<idney, heart, skeletal muscle, mammarv gland and liver, with owvarian
tissue demonstrating che third highest level of gene cupression after
hepatic and uterine tissue. In growing and mature swine, IGF-1 gene
expression has been detected in cardiac and skeletal muscle (Leaman et
al., 1990), the uterus (Tavakkol et al., 1988), ovary (Cameron et al.,

1990) and adipose tissue (Duffy, personnel communication), in addition to

ver (Leaman e: al

(%N

the 1 ., 1990 .

Evidence for the local production of IGF-1 in a wide range of
tissues suggests that as well as having an endocrine role, IGF-1 could
have very important local effects in its tissue of origin through

paracrine or autocrine actions. The exact nature of the

paracrine/autocrine effects of IGF-1 depends on the tissuc involved, but

()
n



both mitogenic and metabolic effects have been demonstrated in a number of
tissues using in vitro cultures involwving both exogenous treatment with
ICF-1 and growth hormone-induced production of endogenous IGr-1. The
remainder of this review will focus on the apparent paracrine/autocrine

effects of IGF-1 within ovarilan tissue.

1.6. THE OVARIAN INSULIN-LIKE GROWTH FACTOR SYSTEM
1.6.1. Ovarian Production of IGF-1

There 1is &an abundarce ¢ convincing evidence for the local
production of IGF-1 in the ovary. For extensive reviews on this subject
the reader is referred to those written by Adashi et al. (1985a) and
Hammoand er a7 {1081y TIn 1985, Hammord and co-workers established that
porcine granulosa cells were capable of producing IGFs and IGF-binding
proteins under serum-free conditions in vitro. They suggested that there
was alsc evidence for in vivo ovarian production of IGFs as follicuiar
fluid from preovulatory follicles contained significantly more IGF-1 than
serum or immature follicles. However the value of this evidence for the
local production of IGF-1 is debatable, as these authors did not determine
whether the higher follicular IGF-1 was due to local production of IGF-1
or due to the transport of circulating IGF-1 into the follicle antral
space.

Recently, more direct evidence for the ovarian production of IGF-1
has been presented. Oliver et al. (1989) detected transcripts of mRNA in
rat ovarian tissue with sizes of 7.0, 1.6 and 0.4 - 0.9 Kb, which are
similar to those fours in rat liver. They also used in situ hybridizatiocn

to determine the distribution of IGF-1 gene expression in the rat ovary.
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The major site of IGF-1 gene expression appears to be the granulosa cell

and particularly those cells in the antral cell lavers and cumulus

oophorus of the preantral and antral follicles. IGF-1 gene expression in
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cles or in the corpus luteum was undetectable.

The regulation of the expression of the IGF-1 gene in the ovary is

complex and not as yet fully understood. Growth hormone administration to
hypophysectomised rats has been found to increase follicular fluid levels

of IGF-1 There was a rapid rise in tissue IGF-1 within eight hours of

growth hormone treatment of CH-deficient rats (Davoren & Hsueh. 1986).

However, the in vivo rnature of this study raises the question of what

tissue was the source of the increase in IGF-1? Growth hormone is known to
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in follicular IGF-1 is actually due to increased endocrine levels of IGF-1
rather than increased local production.

A more recert study provides some more convincing evidence regarding

growth hormone-stimulated ovarian IGF-1 production. Hernandez et al.
(1989) demonstrated using Dot Blot and FNase Protection techniques that
ovine growth hormone on its own actually inhibired rat ovarian IGF-1 gene
expression. This was in contrast to the five-fold increase in hepatic IGF-
1 gene expression observed following growth hormcne treatment. However
this study was carried out using hypophysectomised animals, and given that
other 1important gonadotrophic hormone stimuli., and alsec subsequent
steroidal stimuli, were absent, the effects of exogenous growth hormone
treatment were probably not typical of the effects of endogenous growth

hormone in the intact animal. Indeed, when hypophysectomised rats werc

glven an estrogenic implant containing DES, the subsequent steroid-induced
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increazse in IGF-1 gene expression changed from a two-fold increase to a
three-fold increase upon treatment with growth hormone.

Other hormones have also been shown to increase the production of

(BN
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IGF-1 in ovarian tissue. In virro stuvdies using porcine granulosa cells
have demonstrated an increase in the secretion of immunoreactive IGF-1 as
a result of treatment with gonadotropin (pregnant mare serum gonadotropin
(PMSG) and hCG) and estradiol (Hsu & Hammond, 1987). Cyclic AMP, clu:
presumed mediator of gonadotropic action, was also found to enhance IGF-1
secretion. In 1988, the same group provided evidence for in vivo effects
of gonadotropin on ovarian IGF-1 production. Thelr results indicated that
gonadotropin treatment increased intrafollicular levels of immunoreactive
IGF-1 in prepubertal gilts (Hamwond et &l., 1888).
1.6.2. Ovarian IGF-1 Receptors

Work has also been carried out to characterize the receptors
mediating actions of IGF-1 in granulosa cells. Adashi et al. (1990a)
demonstrated that treatment of cultured rat granulosa cells with
antibodies raised against the Type 2 receptor failed to inhibit the
cytodifferentiative action of either IGF-1 or 2. The receptors mediating
both the actions of IGF-1 and IGF-2 were therefore considered to be Type
1 and not Type 2 receptors. The number of IGF-1 receptors appears to be
regulated by several different factors, including LH, FSH and beta

adrenergic agonilists (Adashi et al., 1988). FSH has also been found to

enhance IGF-1 binding to these receptors (Adashi et al., 1986).
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1.6.3. Effects of IGF-1 in the Ovary

As discussed earlier, the effects of locally produced IGF-1 are
potentially both paracrine and autocrine. The exact nature of the action
of locally produced IGF-1 is difficult to elucidate in vivo as any IGF-1
stimulated effects may be due to the action of endocrine or ovarian IGF-1.
Techniques have yet to be developed that would zllow a distinction between
the two. As a result of this, much of the work carried out

to determine

IGF-1 action in the ovary has been carried out using in vitro cell

culturing techniques.

Many of the effects of IGF-1 are by the amplification of the actions
of the gonadotropins on the ovary. For example, IGF-1 has been shown to
enhance FSH-induced acquisition of LH receptors in cultured rat granulosa
cells in a dose and time dependent fashion (Adashi et al., 1985b). Growth
hormone has also been shown to increase FSH-induction of LH receptors in
rat granulosa cells (Jia et al., 1986). However, it is tempting to
speculate that these effects were probably not as a result of the direct
action of GH, but instead due to action of GH-induced production of IGF-1.

As well as playing a role in the acquisition of granulosa LH
receptors, IGF-1 has also been shown to have a key regulatory role in the
steroidogenic pathways of the granulosa cells, and as a consequence of
this, may have an important role in the development, selection and
subsequent luteinization of a follicle. Studies carried out by Veldhuis
and co-workers (1985a) demonstrated that swine granulosa cells, cultured
under serum-free conditions, responded in a dose and time dependent

fashion to IGF-1 in that they showed 1increases in progesterone,

pregnenolene and estradiol production. They provided evidence that IGF-1
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was affecting actual steroldogenesis, and not just release, by showing
that there was a decrease in the levels of the metabolite, 20 alpha
hydroxy-pregn-4-en-3-one. Further proct was obtained using
aminoglutethimide, an inhibitor of the mitochondrial cholesterol side-
chain cleavage system. This agent blocked the stimulatory effects of IGF-1
on progesterone production, therefore supporting the hypothesis that IGF-1
increases the activity of the side-chain cleavage system (Veldhuis et al.,
1985b). Other groups have demonstrated similar effects of IGF-1 in other
species: IGF-1 has been found to augment FSH-stimulation of estradiol and
progestin production in the rat (Davoren et z2Il., 1985; Dorrington er al.,
1987 ; Adashi et al., 1985c) and human (Erickson et ai., 1989).

IGr-1 also has mitogenic effects within the ovary. In 1584, Bar. ao
and Hammond carried out a study to compare the effects of both IGF-1 and
IGF-2 and insulin on the stimulation of thymidine incorporation into DNA
(an indication of mitogenesis) and the facilitation of FSH-induced
progesterone secretion in porcine granulosa cells. IGF-1 exhibited both a
greater mitogenic effect, as well as a greater trophic effect, than IGF-2.
Both growth factors were more potent than insulin. It is suggested that a
possible explanation for why IGF-1 is the more potent factor is due to
differing binding affinities for the receptor mediating the hormonal
effects. In fact the same study showed that IGF-1 was most efficient in
the displacement of iodinated IGF-1 from specific membrane receptor sites,
with IGF-2 the next most efficient and insulin the least efficient.

Further evidence for a mitogenic paracrine/autccrine action of IGF-1

was published in 1989 by Mondschein et al. Porcine granulosa cells were

cultured in serum-free medium, thus rendering them dependent on



endogenously produced factors. The cells were then treated with growth

hormone, FSH, estradiol and combinations thereof. Upon treatment with a

neutralizing monoclonal antibody raised against IGF-1. the stimulatory
effects on progesterone production by growth hormone, FSH and estradiol
were inhibited by approximately 50%. The effects on cell growth were less
drama.ic: FSH and estradiol induced an 18% increase in cell numbers which
was abolished by the IGF-1 antibody. The apparent differences in the level
of irhibition of the stimulatory effects of Growth Hormone, FSH

and

Estradiol may suggest that ovarian IGF-1 is actually more important to
granulosa cell cytodifferentiation than it is to cell replication.

As well as having steroidogenic and mitogenic effects in the ovary,
IGF-1 has also been shown to have metabolic effects. IGF-1 has been found
to increase the metabolism of low density lipoproteins in swine granulosa
cells (Veldhuis et al., 1987) as well as increase glucose oxidation (Weber
& LaBarbara, 1988). In the latcer cscse

. IGF-1 enhanced glucose metabolism

at a much lower concentration than insulin, therefore suggesting that in
vitro the effects of insulin on glucose metabolism may be mediated via the
Type 1 receptor. This suggests that IGF-1 plays a more important role in
the modulation of the metabolic status of the ovary

y than the cliassic

metabolic hormone, insulin.

1.6.4. Ovarian IGF-Binding Proteins

In recent years, studies have shown that IGF-binding proteins, as
well as IGF-1 itself, may be produced locally by many tissues, including
the ovary. There is now much speculation as to the possible roles of these

locally produced binding proteins, and what their effects may be on



ovarian function. In 1985, Hammond er al. demonstrated that porcine
granulosa cells were capable of producing both IGFs and IGF-binding
protein In vitro. Since then, work has been carried out in an effort to
characterize these binding proteins, to establish that they are indeed
produced locally, and to determine their role in the ovary.

From work carried out by Koistinen et al. (1990) and Shimasaki et
al. (1990), there is evidence for ovarian production of several different
species of IGF-binding proteins. Human granulosa cells have been found to
express the gene for a binding protein designated as IGF-BPl which is
similar to that produced in human decidua (Koistinen et al., 1990).
Meanwhile, using a c¢DNA probe encoding the porcine homologue of human IGF-
BP3, a mRNA transcript of 2.6 Kb has also been detected in porcine ovaries
(Shimasaki, er al., 1990).

The regulation of the release of ovarian IGF-BPs seems to depend on
the species of IGF-BP. Bicsak et al. (1990) reported that IGF-BP3 is GH-
dependent, while another binding protein, IGF-BP2, is GH-independent. IGF-
BPl is also thought to be GH-dependent. There may also be another binding
protein present in porcine follicular fluid that is actually regulated by
the production of IGF-1 itself (Grimes er al., 1991), therefore suggesting
that there may be complex positive or negativ~ feedback systems in
operation. This binding protein has only just recently been identified and
designated as IGF-BP5. It is characterised as an IGF-BP that has a similar
molecular weight to IGF-BPl but is not recognised by antibodies raised
against IGF-BPLl. Porcine cultures of granulosa cells have been found to
produce more of this binding protein upon IGF-1 treatment as determined by

gel electrophoresis. This discovery of IGF-l-mediated regulation of IGF-
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BP5 production may suggest that the GH-regulation of some of the other

binding proteins may also be IGF-1 mediaced.

The production of IGF-BPs also seems to be related to the
gonadotropin status of the animal, as FSH has been found to modulate their
production. Adashi and co-workers (1990b) demonstrated that FSH treatment
of rat granulosa cell cultures resulted in a dramatic inhibition of
binding activity of iodinated IGF-1 (an 89% decrease at 100 ng/ml) .
Similar results were also shown in vivo; when rats were given 10 ug
FSH/rat/day for two days, they also observed a dramatic decrease in
granulosa cell binding activity. Further work by the same group indicated
that there may actually be a biphasic response to FSH levels. FSH
treatment at low levels (1-3 ng/ml for 72h) increased IGF-1 binding
activity while higher levels of FSH (>10 ng/ml) decreased binding
activity as in their previous study (Adashi et al., 1991). In the same
study, the effects of hypophysectomy on ovarian IGF-1 binding activity
were studied. Hypophysectomy was found to inhibit any subsequent in vicro
release of IGF-1 binding activity therefore suggesting that pituitary
factors other than FSH are involved in the regulation of granulosa cell
production of IGF-1 binding proteins. However, although FSH may not be the
sole regulator of the production of IGF-BP, the apparent biphasic FSH
regulation of IGF-BP activity may play a role in follicle development and
subsequent selection.

It appears that the binding proteins (IGF-BPs) have an important
regulatory function with respect to the actions of IGF-1, although the

exact nature of this regulation is unclear at present, IGF-BPs have been

shown to have both stimulatory and inhibitory effects. In 1987, Elgin and
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co-workers found that an IGF-BP enhanced the biolugical response to IGF-1
in a number cf different species. They demonstrated marked increases in
DNA synthesis in chick embryo, human and mouse fibroblasts, and porcine
smooth muscle cells in the presence of a 150 KDa binding protein purified
from human amniotic fluid. Similar findings were published by Blum et al.
in 1989: they found that optimum DNA synthesis by baby hamster and human
skin fibroblasts occurred when cultures were exposed to equimolar
quantities of IGF-1 and IGF-BP, whereas free IGF-1 had no effect. On the
basis that hourly treatments of small amounts of free IGF-1 did increase
DNA synthesis, the authorc suggest that the binding protein is acting as
a reservoir that continually releases low amounts of the growth factor
thus creating a steady state of receptor occupancy. It appears that IGF-1
is a better mitogenic stimulator at constant low concentrations, than at
a temporary high concentration.

In the ovary, the majority of the effects of binding proteins found
to date have been inhibitory to the actions of IGF-1. Using cultured
granulosa cells from DES-treated immature rats that were exposed to
porcine follicular fluid, both IGF-BP2 and IGF-BP2 were found to inhibit
estradiol and progesterone production in a dose and time dependent fashion
(Bicsak er al., 1990). In the same study both binding proteins inhibited
tritiated thymidine uptake by granulosa cells, therefore suggesting that
the binding proteins were inhibiting the effects of IGF-1 on both
steroidogenesis and mitogenesis. In a later study, Bicsak et al. (1991)
demonstrated inhibitory actions of IGF-BPs in vivo. Immature female rats
were primed with equine chorionic gonadotropin (eCG) and then given a dose

of human chorionic gonadotropin (hCG). When the rats were given an
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intrabursal infusion of IGF-BP3, there was a significant decrease (55%) in

the number of hCG-stimulated ovulations. These results not only sugg
that IGF-BP3 may inhibit the synthesis of LH receptors on the granulosa
cells, but also provides evidence that endocrine-derived binding proteins
are sble to perfuse into the ovarian interstitial space.

It has been tentatively suggested that IGF-BPs mav have their own
direct actions on ovarian function irrespective of IGF-1. Ui et al. (1989)
demonstrated that inhibition of FSH-stimulated estradiol production could
be removed by the addition of equimolar quantities of IGF-1 and IGF-2.
They suggest that the inhibitory effect of the binding proteins could be
via the sequestering of IGFs produced by the culture, so that any
additional ICGFs added to the system would be in a non-sequestered state
and as such would be able to exhibit their positive effects on FSH
activity. However the authors suspect that the action of the IGF binding
proteins is not as simple as this theory suggests and therefore they hint
at a possible IGF-independent role of the binding proteins. Before this
proposal can be generally accepted though, more convincing data must be
produced to either support or refute their statement.

The roles of the IGF binding prote. .s in the ovary have so far all
been inhibitory in nature. However cne can not discount the idea that as
more and more species of the binding proteins are discovered, they may
also have some positive effects such as those Tound in fibroblasts and
other tissue types. On one hand the IGF-BPs may inhibit IGF-1 action by
sequestration and thus preventing an interaction with the menhrane-bound

Tvpe 1 receptors, but on the other hand they may actually serve to enhance

the actions of IGF-1 by perhaps facilitating binding to their receptors



(as has been suggested in fibroblasts), or evern indirectly by increasing
the half life of IGF-1 within the ovary. Whatever their exact roles, ard
what part endocrine versus locally produced binding proteins play, more
work needs to be carried out to determine the exact physiological roles

of the IGF-binding proteins in the ovary,

1.7. SUMMARY

To summarize, the literature reviewed indicates that undernutrition
of the female of all species studied impairs reproduction both at the
level of the hypothalamic-pituitary axis and at the level of the
reproductive tract. It is understood that there must be one or more cues
that mediate between nutrition status and reproduction. Evidence favours
that these cues are metabolic in nature. Nutrition may actually have a two
tiered affect on the reproductive system, as studies have demonstrated
ovarian responses to nutrition in the absence of changes in gonadotropin
release. This suggests that the ovary is able tec respond independently to
a change in metabolic state.

1 propose that Insulin-Like Growth Factor 1 may be a metabolic
signal that may act as a mediator of changing metabolic status at the
level of the ovary. The basis for this hypothesis was that: 1. Hepatic
IGF-1 gene expression and plasma IGF-1 levels are dependent on nutritional
status, 2. IGF-1 gene expression has been detected in the ovarian tissue
of several species, and 3. 1IGF-1 has been demonstrated to have
steroidogenic, mitogenic and metabolic affects within the ovary.

The following experimental work aims to: 1. Provide evidence that

the IGF-1 gens is expressed in the follicular and hepatic tissue of
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prepubertal gilts, and 2. To determine whether ovarian gene expression is
independently regulated by feeding level, wicth respect tao hepatic ICF-1

gene expression.
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CHAPTER 2

Detection of Insulin-Like Growth Factor I Gene
Expression in Porcine Ovarian and Hepatic Tissues



INTRODUCTION

The insulin-like growth factor 1 (IGF-1) gene is expressed in a wide
range of tissuves in several species. In the rat, IGF-1 gene expression has
been detected in the liver, uterus, ovary, lung, kidney, heart, skeletal
muscle, testes. brain and mammary gland (Murphy et al., 1987). In growing
and adult swine, the IGF-1 gene has been found to be expressed in liver,
skeletal and cardiac muscle (Leaman et al. 1990), uterus (Tavakkol er al.,
1988) and adipose tissue (Duffy, personnel communication). The discovery
of IGF-1 gene expression in such a wide range of tissues has revealed the
possibility of autccrine and paracrine actions of IGF-1 at the level of
specific cells and tissues.

In the ovary, many studies have suggested that locally-produced IGF-
1 might play an important role in the regulation of ovarian function and
development in an autocrine/paracrine manner (Adashi et &1., 1985a &
1985b; Davoren et al., 1985; Veldhuis er al., 1987; Weber & LaBarbera,
1988; Hammond et al., 1991). However, the majority of this evidence was
derived from the use of in vitro procedures. The in vivo studies conducted
so far have not provided definitive evidence to support the existence of
autocrine or paracrine IGF-1 actions in the ovary. The reason for this
short-coming is that the methods used have not allowed the differentiation
between IGF-1 of endocrine and autocrine/paracrine origin. We have applied
molecular biology techniques to resolve this issue and developed an
experimental approach that allowed the measurement of physiological and
treatment effects on ovarian IGF-1 production in vivo.

Preliminary work by Cameron er &l. (1990) revcaled that the IGF-1

gene 1s expressed by porcine granulosa cells in vivo. However, this work
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was not extended to the study of treatment effacts on individual animals,

The objectives of this study were therefore two-fold: 1. To confirm that
the IGF-1 gene is expressed in both porcine ovarian and hepatic tissuc
using two different procedures, northern analvsis and an RNase protection
assay. 2. To determine the suitability of these procedures for analvsing,
tissue from individual animals subjected to different treatments in vive,

MATERIALS AND METHODS

Total RNA Isolation

Prepubertal gilt ovarian and hepatic tissues were collected from & local
packing plant and frozen in liquid nitrogen. The samples were stored at -
70°C. Total RNA was isolated fron approximately 0.5 g of tissue using a
procedure described by Chirgwin et al. (1979) with some modifications.
Briefly, samples were pulverised in liquid nitrogen using a pestle and
mortar, added to 9 ml of 4 M guanidine isothiocyanate (GIT) and then
nomogenized for 1 min at high speed using a polytron tissue homogenizer
(Brinkman Instr., Westbury, NY, U.S.A.). The homogenate was centrifuged at
5000g at 4°C for 10 min to pellet cell debris and the supernatant removed
and layered onto 3.3 ml of caesium chloride (5.7 M CsCl, 0.1 M EDTA, pH
7.0) in a poclyallomer ultracentrifuge tube (Beckman Canada, Burnaby, BC).
Total RNA was then pelleted by centrifugation at 30,000 rpm in a Sw 41-Ti
rotor (Beckman Instruments Inc., Mississaugua, ON) for 23 hours at 20°C.
After ultracentrifugation, the tissue homogenate and CsCl were aspirated
and the RNA pellet was resuspended in 300 gl SET buffer containing 10 a1

Tris-HCl (pH 7.5), 5 mM EDTA (pH 8) and 0.1% Sodium dodecyl sulphate (3D5)

(v/v). The quantity and purity of the RNaA was determined by ultraviolet
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spectrophotometry at 260 and 280 nm.

Northern Analysis

Polyadenylated RNA (poly A™ RNA) was isolated from pcoled ovarian or
hepatic total RIA using one round =of ol godeoxythymidylate (oligo d(t))
cellulose Type 2; Collaborative Research Inc., Bedford, Mass., U.S.A.)
chromatography. The poly A" RNA yields from 0.5 g each of ovarian and
hepatic tissues were 5.3 and 100 upg, respectively. This represents a
recovery of poly A" KNA from total RNA of 1.7 % and 10% for ovarian and
hepatic tissue, respectively. Aliquots of total and poly A" RNA were added
to 25 pul of loading buffer (50% deionized formamide (v/v), 2 M
formaldehyde . glycerol (v/v), 0.02 M MOPS, 5 mM sodium acetate, 1 mM
EDYTA and 0.1+ ou1L bromophenol blue (w/v)), heated at 63°C for 5 min to
separate the RNA strands and then p’' .:u on ice for 5 min. After adding 1
pl of Ethidium bromide (EtBr; 1 mg/ml) (¢ each sample, mixing and briefly
centrifuging to consolidate the samples at the bottom of the tubes, the
samples were loaded onto 1% agarose (w/v) gels containing 0.66
formaldehyde. RNA was then fractionated according to size Dby
electrophoresis in the presence of recirculating 1 X MOPS running buffer
(10 b at 40 V). A 0.24-9.49 kb RNA ladder (Bethesda Research Laboratories,
Gaithersberg, MD) was used as a size marker and treated exactly as RNA
samples. After electrophoresis, the gels were soaked in two changes of 10
X standard saline citrate (SSC) (1.5 M NaCl, 0.15 M trisodium citrate, PH
7.0) and then blotted ounto a quaternary amine-derived nylon membrane
(Zeta-probe, Bio-rad Laboratories, Richmond, California, U.S.A.) employing

the capillary method described by Southern (1975), but using a sponge
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configuration. The RNA was then fixed onto membranes bv baking in vacuo ac

€0°C for 2 hcurs.

Prior to hybridization with the [3P] CTP-labelled riboprobe.
membranes were prehybridized for two hours at 50°C in hyvbridization buffer
(60% deionized formamide (v/v), 10% dextran sulpbate (w/v), 1 N SSPE (0.13%
M NaCl, 0.01 M sodium phosphate, 1 mM EDTA, pH 7.4), 1% SDS (w/v), 0O.5%

blotto (low fat milk powder) (w/v) and 0.5 mg,/ml sheared salmon testes DNA

(ssDNAJ) . Following prehvbridizacion, membranes

were incubated for 16
hours at 50°C in an identical volume (0.15 mi/cm?® membrane) of fresh

hybridization buffer, but with the addition of 2 X 10f dpm/ml of riboprobe.

The riboprobe used in this prcocedure was a single-stranded antisense

riboprobe (710 bases) synthesized from a Pvu II linearized pGEM-1/hIGF-1b
prlasmid (Rotwein, 1986) wusing SP6 RNA polymerase, [a-3?P] CTP (NEN

Superconcentrated, NEG-C0SC) and a Gemini riboprobe core system kit

(Promega, Madison, Wisconsin, U.S.A.). Unincorporated [P*2] CTP was removed
from the reaction solucion using Seph.dex G-50 (Pii:rmacia Canada, Dorwval ,

PQ) spun column chromatographv.

Followin hybridization., membranes wars rinsed briefly at room
7

temperature in 2 X SSC and then washed in 2 X SSC/0.1% SUS for 15 min
each. They wzre then washed for 15 min at 70°C in 0.2 X S$C/1% SDS. After

a final brief wrinse in 0.2 X S$SC at room rTemperature, membranes were
blotted on MM .hatman filter paper, heat sealed in plastic bags and then
exposed at -70°C to Kodak XAR 5 film (Eastman Kodak, Rochester, liY, U.S.a.)
using an intensifying screen (Dupont Canada, Missaugua, OI).

Controls

Sever:l controls were wused to test the specificity of the
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RNase Protection Assay

An RNase prote -tion procedure was developed based on a procedure

b-a

described bv Ausubel er a (1987). Samples of pooled cvarian or hepatic
total RNA were precipitated overnight at -20°C in 0.1 volumes of 3 M sodium

acetate (pH 5.4) and 2.5 volumes of cold (-20°C) 95% ethancl. RNA was

pelleted by centrifugation {12 000g) in a micrccentrifuge at 4°C for 30

min, the ethancl aspirated and the RNA pellet was dissclved in 30 ul of a
hyvbridizacion buifer consisting of 80% delonized Zormamide (vy/vy). 20% 5 X
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Figure 2.1. A schematic representation of the synthesis of the IGF-1 exon
2 riboprobe utilired in the RNase protection assay.
A. The plasmid vector (pCGEM-1) is prepared for ligation with the
GEF-1 exon 3 c¢l.lA insert by restriction digestion within the multiple
cloning site using the restriction enzvme Bam Hl. B. The recorbinant
plasmid is linearized with the restriction enzyme XBal. C. RNA synthesis
reaction componéents are added, including the T7 RNA polvmerase, and then
incubated at  40°C for 60 min. D. Svnthesized antisense riboprobe

tranverinte
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the bottom of the gel. The zel plates were then separated and the gel
rinsed in 10% glacizl acetic acid (v/v) and 10% methanol (v/v) for 15 min.

Afrer draining for 15 min, the gel was transferred to 2MM Whatman filter
paper and then hezt-sealed into a plastic bag and exposed to Kodak XAR 5
film at room temperature using an intensifving screen {(Dupent Canada,
Missaugua, ON}.

Con:crols

Several controls were used to confirm the authenticity of protected
fragments in the protection assay. Samples containing onlv tRNA, in amount
equal to that used in all other RNA samples, were included in each assay
and treated exactly as all other RNA samples. EBecause there is no mRNa
present in the veast tRNA, any protected bands detected would reflect non-
speciiic binding oI the probpe.

Because the probe 1s transcribed from a human cDNA sequence, samples
of human placenta RNA were included to allow comparison between protection
of IGF-1 mRNA in human and pig RNA samples. Samples of “"synthetic" IGF-1
were included in each assay. To produce "synthetic" IGF-1 mRNa, T7
polymerase was used to generate sense strands of IGF-1 mRNA from a c¢DNA
temnplate in which the IGF-I1 exon 3 nucleotide sequence was inserted in the
opposite orientation to that of the riboprobe template; these molecules
were therefore identical to a portion of IGF-1 mRNA transcribed in vivo in
humans. In theory, the wuse of this “synthetic" material in the
' ybridization reaction should not generate any non-specific binding and
should produce only a single, authentic, protected IGF-1 exon 2 fragment.

Another control consisted of adding yeast tRNA to hybridization
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The RLGse digestlon., This control

igestion of the antiscnse
ribeprobe by the RNases in the digestion reaction. Samples of percine
ovarian and hepatic polv A~ RNA were also included tu test

test Tor non-

specific ribsprobe binding, and consequently protection of non-I1GF-1 mRNA
sequences. Unhybridized, undigested antisense riboprobe was also loaded

onto the sequencing gel to confirm the size of the probe.

RESULTS

Northern Analysis

Two IGF-1 mRNAs of 8.C kb and 0.8 - 1.1 kb were detected in both rat liver

total and poly A" RNA, (Figure 2.2.a and b). The abundance of ICGF 1 mRNAs

in porcine ovarian tissue was low compared to rat liver. In ovarian tot:al
RNA, the 0.8 - 1.1 kb mRNA transcripts were detected in 30 ug and 10 g
aliquots but not in the 5 ug aliquot (Figure 2.2.a). The 8.0 kb transcript
was not detected 1in any preparstion of ovarian total RNA. Northern

analysis of porcine ovarian poly =% RNA revealed the presence of four IGF-1

mRNAs (Figure 2.2b). In addition to the 8.0 and 0.8 - 1.1 kb transcripts,
two other IGF-1 transcripts of 3.6 and 2.3 kb we-e¢ detected. The 2.2 kb
transcript appeared as a diffuse band, indicating that there may be range
of mRNA transcripts with an average size of 2.3 kb. All four transcripts
were detected in 25 pug and 5 pg of poly A” RNA, but only the 0.8 - 1.1 kb
mRNA transcripts were detected in an 2.5 pug aliquot of poly A% BNA. The

authenticity of the IGF-1 mRXNa detected in the owvari

i

4]

n tissue is supported
by the absence of eguivalent-sized bands in the control poly A Rln

(Figures 2.2.a and b and Figures 2.2.a and b).



Figure 2.2. Northern hybridization analysis of total (2.2a), poly A' and
poly A" RNA (2.2bL) from porcine ovary (PO) and rat liver (RL), hybridized
with a Pvu 11 lincarized [*2P] hIGF-1b riboprobe.

The estimated wolecular weight (in kilobases (¥b)) of the major
transcripts, relative to the migration of an RNA ladder, are indicated on
the left of each blot. The position of 185 and 285 ribosomal RNA is
indicated on the right of each blot. RNA quantity (in pg) is indicated
below each lane; suprascript (') denotes poly A" RNA, suprascript (7)
denotes poly A” while the absence of a supras:-ript denotes total RNA. The
autoradiograms are both seven day exposures .t -70°C.
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Figure 2.3. Northern hybridization analyses of total, poly A' and poly A~
RNA from porcine ovary (PO) and liver (PL) and rat liver (RL), hybridized
with a Pvu TI linearized [3?P] hIGF-1b riboprobe.

The estimated molecular weight (in kilobases (Kb)) of the major
transcripts, relative to the migration of an RNA ladder, are indicated on
the left of each blot. The position of 18S and 28S ribosomal RNA is
indicated on the right of each blot. RNA quantity (in pg) is indicated
below each lane; suprascript (*) denotes poly A' RNA, suprascript (7)
denotes poly A” while the absence of a suprascript denotes total RNA. The
autoradiograms are both seven day exposures at -70°C,
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The 6.8 - 1.1 and 8.0 kb mRNA transcripts detected in rat liver and
porcine c¢vary are similar to those reported previously in porcine
(Tawvakkol ec al., 1988 and Simmen er al., 1990), rat (Murphy ez al., 1987)
and human tissues (Shimatsu & Rotwein, 1987). The owarian 2.3 kb IGF-1
mPHNA species has been reported previously in porcine endometrial tissue
(Tavakkol et al., 1988 and Simmen et al., 1990); however, there are no
previous reports of a 2.6 kb mRNA species in any porcine tissue.

The data obtained from the northern analysis of porcine hepatic RNa
in the present study does not convincingly establish that the IGr-1 gene
is ewpressed in porcine liver (Figure 2.3.z2 and 2.3.b). Low abundance of
hepatic IGF-1 mRNA in swine has been reported previously by Leaman er al.
(1990). Tavakkol et al. (1988) and Duffy (personnel communication).
Indeed Tavakkol ec al. (1988) failed to identify distinct IGF-1 mRNAs in
porcine hepatic tissue using northern analvsis of poly A™ RNA. There did
not appear to be any hybridization of the probe at all in the 25 ug sample
of poly A™ hepatic RNA - to mRNA or to ribosomal RNA - suggesting that
there may have been some RNase contamination within this sample. However,
there was non-specific binding of the riboprobe to 18S and 285 ribosomal
RNA in all other preparations indicating that these preparations were
intact. The results presented in Figures 2.3a and b indicate the presence
of the 2.3 kb and 3.6 kb transcripts which appear similar to those
detected in porcine ovarian tissue. However, the 2.3 and 2.6 kb
transcripts were also detected in the poly A” RNA control, indicating that
these two mRNAs may not be authentic and are instead artifacts due to non-
specific binding of the riboprobe. In addition, the abundance of 2.3 and

3.6 kb hybridization in the poly A" RNA aliquot is lower than that in
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either total RNA or the poly A” control.revealing that the signals detected

does not represent hvbridizacion to IGF-1 mRNA. In theoryv. the abundance

of IGF-1 mRMNaA in the poly A" RNA should be hipl . due to its enrichment

by oligo d(t) cellulose chromatography.

It therefore appears that, like Tavakkol and co-workers (1988), this
PP

study failed to detect the presence of authentic IGF-1 mRNA in porcine

hepatic tissue. However the apparent authenticity of the 2.3 kb and 3.6 kb

mRNAs in porcine ovarian tissue throws suspicion on the validity ot 1.

poly A” controls used. Aliquots of porcine ovarian and hepatic poly A~ wore

also subjected to the RNase protection procedure to act as controls for

the detection of IGF-1 exon 3 fragments. If the oligo d{t) cellulose had

been 100% efficient in separating the polv A" RMNA from the torail BENA, there
should not have been any mRNA within these samples. therefore no 182 base
protected fragment should have been detected. Howcver Figure 2.4.

indicates that there was a 182

o

ase protected fragment prescent in these

samples, suggesting thac the o

o

b=

iy
()]

o d(t) poly A" purification procedure was

less than 100% efficieut in separating the poly A" from the rest of the

total RNA and that there was mRNA within the control. As the poly A™ used

for the RNase protection assay was from the same stock as that used for

the northern analvsis (Figures 2.2.a and b}, the 2.2 kb ar! 2.6 kb mpLA

species within the poly A™ aliquot may actually be authentic mRNA rather
than non-specific binding.

RNase Protection Assay

A a protected RNA fragment of 182 bases corresponding to the ICF-1

exon 3 RNA fragment was detected (Figure 2.4). This fragment was detccted

=1

in porcine ovarian and hepatic total RNA, as well as

in human placenta,

wy
Yy}



Figure 2.4. Autoradiogram of RNase protection of porcine liver (PL) and
ovary total RNA (PO), and yeast tRNA, with controls a - £: a. 30 ug human
placenta total RNA, b. 250 pg synthetic IGF-1 mRNA preparation, c. 50 LE
porcine hepatic poly A RNA, d. 50 ug porcine ovarian poly A RNA, e. 7,500
dpm unhybridized, undigested IGF-1 exon 3 riboprobe, and £. 5 = 106 dpm
unhybridized, digested IGF-1 exon 3 riboprcbhe.

Control markers (M) (in bases) are indicated on left of the
mitoradiopgram, estimated weights (in bases) of the protocted fragment and
the riboprobe are depicted to the right of the autoradiogram. RNA quantity
(in pp) is indicated below each lane. The autoradiogram was exposed for 24
hours.,
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approximatel 1028 bases. Tniiz is
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as well as the predicted size of the riboprobe. The presence

~f a single band suggests that the transcriprion reaction conditions are
surh that only full length tTranscripts are being svynthesized.

o 182 bBase fragment was protected i thie control szamples in which
yeast TRIA was acded either before or afrter Riase digestion of <the
riboprobe. These two controls therefore confirm the identity of the 182
base exon 3 © oscerved irn the <estTt samples. Several larger
fragments were a.so detzcled iIn all tTest samples and in these two

controls. cNCe

pftf.:;

no test samples. indicates that the non-specific binding is the result of
hvbridizatior of undigested probe to veas: tPlia

Various amounts of por-ine ocvarian and nepatic total PNA were
anaivsed using the Fl.ase trotecrtion procedure ¢ -est whether this
procedure had the petvential te guantizate the level of IGF-1 mRNa
abundance In s of 1 20 arnd 52 ..z of total PXa,
from each tissue . were hubridized with S 107 dpm of the exon riboprobe
(Figure 7.4 ). The optical densivies of srotected hands wers then reasured
using 4 densitometer o produce & saimi-guantitative alue for each
aliquotr. The densitometry readings {illustraced in Figure 2.5.) indican-
that avuandance oI -1 exon 3 mRlIly increasss with an increasirng
Anount tototal BNA analyvsed. This procedure ¢ has the sotential
tooprovide o osemi-guantitative rerresantation of the level of IGF-1 mili:



Figure 2.5. ICGF-1 mRNA abundance detectoed
levels of ovarian and hepatic tuzal BNA
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The relztionship hetween tatal BYNA analvsed and the abundance ot

inear. The nonlinearity was

autoradiogsraphic  tilm
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v of the =-rav tilm and radiat o
exposure 1s only linear over a verv narrow ran

ange of redisgtion inten: ities.

— o - o . . . . . .
Therefore, the film itself is unable *0 o YeDvesent o linear reiationciiis

between the amount of total RNA anal-

o protected BNA

1

produced wnen larce vanges of total RN2Z are analvzed. Nonl inearityv me

also be due to the following: Firstlv. the ratic of riboprohe

TOoonamh e

P ST VYR I
total ¥
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Na. In orcder To avoid this effect the total amouis of FUA in each camn
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error which would be reduced through the use of replicates

DISCUSSION
Northern amalvsis succeeded in detecting four -1 oyl M
. - P S . :
porcine ocverian Tissue (3.0 3.6, 7.3 a: N R Y I sl T

and &.0 ¥b mRNA species have been reported previousiv in porcine visaues
(Tavakkoli er al., 1988: Simmen et al.. 1%90): howewver, this is the First
time that a 3.6 kb IGF-1 mRNA species has been reported. Application of
the northern procedure for analy_ing tissue from individual animals

revealed that ‘he success of this proccdurs o dependent o ot @ the



abundance of chr RNHA o0f interest and the zamount of tissue available for

v ewample, arthough hepatic IGF-1 gene expression is low, the
vields of poly A7 RNA frem 0.5 g of liver tissue are high (approximatelv

& s -

100 pg), therefore there is possibly enough polv A~ available frouw each

animal to allow detection of heparic ICF-1 1 le in individual znimeals.
Howewer, this procedure m s2ill not be suitable. as the greater the
amount of PNA analysed as a single aliquot, the greater the amount of non-

specific hybridization which may obscure the authentic signal.

£lrhough IGF-1 gene expression was detectable in relatively small
amounts of ovarian polwv A7 RNa. the ovaries of pigs are very small. In
addition. evidence from - vivo work indicztes that the expression of the

IGF-1 pgene in rat ovaries is confined to granulosa cells (Cliver ez &,

P

1284 . Therefore., follicular rather than stromal tissue was collectsd for

present studv. Lictle more than 0.7 g of total follicular
materis. could be harvested from the ovaries of prepubertal gilts. In
addition to the small amount of follicular tissue available, a lar

proportion of the follicular mass harvested was made up of fluid,

particularly in larger follicles. Therefore. the amount of tissue mass per

wn
fro
C
<
o8]
3
=
ot}

n sample was low compared to a tissue such as liver. Although

the 0.8 - 1.1 kb IGF-1 mRNA transcript was derected in total RNA, the 8.0

(€Y

]
(99
yae

kb ICF-1 transcripts ceuld only be detected in poly AT RNA. The

ha

approximate vield of polv A" RNA from 0.5 g of follicular material was 5
pg. which is barely enough to allow the detection of IGF-1 mRNA, certainly
not enough to allow replication of the procedure.

The sensitivity of RNase protection assays have been reported to be

twenty times bigher than that of northern anzlyses (Mariatis er -

;.
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upport of this

contentlion. the present siwdy demonstrated

IGF-1 mRNA could be detected in as little as 10 ue of bhoth pPorcine ovarian

1ty between the two procedures is due to

difrerences in the zation sites availabhle for

3

- -

to the i

[=n

bind

i

Py morthorne o ieasd

proportion of the potential hybridization are unavailable for bhinding aa

thev are used to covalently link the BNA to the solid support. in the

RXNas protection ass: procedure, hvbridization occurs in solution and
thereiore all sites are availuole for hvbhridization witly the

F I h :
single protected fragment - qguartifled. 2lthougl this mav cive o mo:e
sensitive estimate of the abso_ute amouns of IGF-1 wvrprecsion it docs tost

P
e}

ent v which svnecles of mRNA are npresent .

I this stu’v a haman - derived r

ye

boprobe vas sucoescsfulle used to

detect a porcine mR¥A. Usuallv the use «: heterovicgous probes in

iy PN
protection assay is not advised, as the presence of miss-nuatched pairs in

the riboprot -sample RNA hybr

1d preduces cifes That mav he Targeted by ot

the two species differ. If there is little homology between the tu
species, then the hvbrid mav be totally digested. On the other hand, if
there are only a few different codons present, then the protected hybhridg
may only be broken into a few smaller fragments. The results of the Riase

protection assay demonstrate that the nucleotide sequences of the IGF-1

N
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zuon & has a high degree of homology in humans and pigs. Further support
for a high degree of homology between the IGF-1 exon 3 szguences in these
two specles is provided by the finding that the protected fragmentc
detected in human placenta total RNA was 1dentical to that detected in
porcine hepatic and ovarian t zal R¥A. This 1s not surprising, considering

d sequences of human and

,.
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o
ct
-t
-
T
0\
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oy
o}
¢
o
o
Mo

orcine IGF-1 are identical

e

This o oecec . r ot oenlv succeeded in detecting IGF-1 exon O mRNA in
porcine - ~.r:uv o4 hepatic tissue, but also has tns potential to
gquantite - -~ o .5 in the expression c¢f the IGF-1 gene. As discussed
varller, this ability for quanrification of gene expression mav be limited

4s the rvrelationship between the amoun:t of RNA analvsed and cthe levei of
IGF-1 gene expression was nov linear. Nonetheless, as long as the samples
are processed in the same manner. and the absolute amount of RBN2 in =ach
sample is the same, the RNase protection assa has the potential do detect
phvsiological changes in gene expression.

The observation that the level of gensz expression ir porcine heparic
tissue is lowsr than that in ovarian tis.ue was unexpected. In all other
species examined, the highest IGF-1 mRNA szbundance has been found in

hepatic tissue (Murphy ez al. 1987; Han et al., 1988). While the primary

source of circulating ICF-1 in rats and humans is believed to be the

liver, the results of the present study suggest that in the pig other

ficant amounts of this growth factor to che

Fae

tissues may contribute sign

(o]

circulating pool. There are reports that in this species, cardiac and

skeletal muscle (Leaman ec al., 1990), uterine (Tavakkol et al., 1988) and

adipose tissue (Duffv, porsonnel communicarsion) all contain I her levels

i



L it s possible

ry ICF-1 mav still be of hepatic ovigin in

the pig. Because the mass of liver is considerably lurger comured to the
ovary, neart and other tissues it ig still likely to produce the preater
total amcunt of IJF-1 T N P S e oot
of the liver and total adipose tTissus . coods that o0 Tin Sohiae b
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mount of IGF-1 to the ¢irculating ool However

thie 1eld of total RNA from hepatic tissue are approximate]w twice That of
cardiac or skelectal musclile ‘Leaman er =! 1990y and lTikely 16 bhe preate

than cnat from adipose tissue bzsed on rthe murber of cells el ounit o masse

1 o e 27 e ] celamive : e Tres e e e {0 lourey i v e
Therefore. although relative ICGF-1 gene  expresslon 1y lower in hepatis

o« 7o~ - .- .. <. .- e - - T . 7 P . . . -
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of total RNA rather ‘han due to a szimple lack of 107-1

Fulle eXDresaion,

Thus, the level of toral IGF-1 cene ¢, ression
o) s

P

Pel unit mass of tlsone ooy

another possible explanation for the ap - L & Pl penee

expression in the live. mav be that clezrance rate or the ICF-1 wmPra

be higher in hepatic tissue than in other tissnes. Heparic tissuve is

considered to be highly metabolically active conpars | Ol Tis

therefore the turnover rate of IGF-1 mRNA may be hiz' -
In conclusion, both the northern znalwvsis and the Rlilase protection

procedures have the ability to detec  the eupression of the IGF-1 gene in
porcine ovarian tissue. The detection of IGF-1 gene expression in this

tissue supports the hypothesis that IGF-1 is produced locally by the ovary

67



and therefore has the potential for paracrine an. (or) autocrine actions
within the ovary in vivo. Hepatic IGF-1 gene =xpression was detected using

the RN -«

ihe 1«.-‘.".?1 o i

of rthecse procedures for the detection of IGF-1 gene expresszion in the

protection assaxr suggests that tnis would be the preferred procedure to

use inn 1n vive animal studlies.
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CHAPTER 3

Ovarian and LH Responses to Restrict-Feeding/Re-Feeding
in the Prepubertal Gilt



INTRODUCTION

t is well established that growth hormone stimulates the production
of Ingulin-like growth factor 1 (IG¥-1) and that manv of the actions of
growth hormone are mediated by this growth factor. Originally it was
thought that growth hormone could only induce the production of IGF-1 in
hepatic tissue and that any immunoreactive IGF-1 found in other tissues
originated from the liver. However, recently, using in vitro incubation
and molecular biological techniques thar are capable of detecting the
messenger ribonucleic acid {mRNA) for IGF-1, it has been demonstrated that
IGF-1 1s produced in other tissues. Using c¢DNA probes for rat IGF-1,
Murphy et al. (1987) investigated the tissue distribution of mRNA fer this
growth factor in adult rats. They provided evidence for the expression of
the IGF-1 gene in the liver, brain, lung. heart, uterus and ovary anid, to
a lesser exXteni, In the testes and mammary glana. in tne growing and

adult pig, IGF-1 gene expression has been detected in cardiac and skelecal

muscle (lL.eaman et al., 1990), the uterus (Tavakkol ecr al., 1988), ovary
(Cameron er al., 1990) and adipose tissue, in addition to the liver
(Leaman et al., 1990). This widespread distribution of message for IGF-1

thercfore suggests a potential paracrine/autocrine role for IGF-1.

t4

fect on the

‘

The growth hormone-IGF-1 axis has an important
development of the ovarian follicle. Growth hcrmore has been shown to

increase ovarian levels of immuncreactive IGF-1 i7. vietro {(Davoren and

Hsueh, 1986). It appeaxrs cr :~. ICF-: ther acts in a parecrive or .utocrine
manner as it regulates gramivlaosa « 7 . fowrh and fu o *Ton (foL review see
Hammond et al., 1991). IGF-1 has L= . :te o potentldte thwe action of

follicle-stimulating hormone (FS$H) in the FSH-induced differentiation wnd
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the progestin biosvnthetic capacity ol ,ranulosa cells (Davoren eotoal .,

1985; adashi er zl., 1983a). . as to augment the FSH-stimulated
induction of luteinizing hormor. eceptors on gramulosa cells (Adashi
et al., 1985b). In addition to -° mitogenic and indirect stevroidopenic
effects. this growth factor h:s ;0 been shown to have classic metabolic
effects on granulosa cellcs - -1 has stimulatorv effects on protein
synthesis and glucose oxi.iation (Weber and LaBarbera, 1988) and low

density lipoprotein metabolism during steroidogenesis (Veldhuis eof o]

1987).

As IGF-1 is considered to te a metabolic hormone, its complex role
in the ovary makes it a good candidate for = possible link between the
metabolic and reproductive state of an animal. Booth (1990a) investigated
the effects of restrict-feeding followed by re-feeding on the reproductive
status of the prepubertal gilt. This study showed that restrict-feeding of
prepubertal gilts reduced LK pulsarility, and impaired ovarian and uterine
development, in the absence of any changes in body weight or composition.
Re-feeding of the restrict-fed gilt, with a single fesd to-appetite or a
parenteral infusion of glucose, restored LH pulsatility within six hours,
corresponding to an increase in plasma levels of insulin and IGF-1. No
changes in GH secretion were observed. These findings indicate a rapid
restoration of the reproductive status of the animal as a result of the
increased plaie of nucrition.

In humans, Clemmons et al. (1981) reported rhat fasting for ten days
resulted in IGF-1 levels as icw as those found in GH-deficient patients.

Merimee er al. (1982) later concluded tha. as CH administration + starved

o}

humans failed to increase IGF-1 levels, an adequate level of nutrition is
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a prerequisite for CH-induced IGF-1 produczion. It
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appears that an

adequate level o
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nezessary for CGH-induced generation of ICF-1

and that fas

cr

ing or restrict-feeding uncouples the GH - ICF-1 axi i

s. In thnwe

Vo

rat, fasting has been demonstrated to reduce circulating IGF-1 levels and

the expression of the IGF-1 gene in hepatic tissue (Elwer and Schalceh,

3

1987). However it is unknown whether £:

ng or restrict-feeding has the

oo

st

fu

same effect in the ovary.

There are indications that insul

e

n levels influence IGF-1 levels

within the ovar

Fh

es of gilts and that this effect mav be independent of

gonadotropins. Cox et al. (1987 investigated the effects of IiInsulin

treatment on ovulation rates and pattern of LH secretion in cvelic pilrts
fed a high energy diet. Insulin treatment was found to significantly

increase ovulation rates in the absence of significant increases in LH

peax amplitude or basal levels. Hammond er al. (1988) demonstrated that

foliicular fluid levels of IGF-1 incr

eased in response to PMSGC treatment,
suggesting that intrafollicular IGF-1 1levels may be regulated by
gonadotropins. However, in a more recent study, Meurer er al. (1991)

demonstrated that IGF-1 levels in the large follicles of diabetic gilts

were lower compared to those of normoglycasmic gilts, even when treated

with PMSG. They concluded that the absence of insu’in, and subsequent

lower follicular fluid 1levels of IGF-1, may have compromised
steroidogenesis, as positive correlations between follicular fluid
estradiol and IGF-1 in normoglycaemic animals were not observed in
diabetic animals. This suggests that decreased insulin levels may have

detrimental effects on nvarian function wvia the production of IGF-1.

In study that used feeding level to manipulate insulin levels,



Cosgrove er ai. (1%%1, demonstrazed that il the chronicaxly gonadotropin-

B

suppressed and restrict-fed gilt, re-feeding was

0
il

pabie of stimula

rt

ing
ovarian development in the absence of increasing gonadetropin. After five
days ¢f re-feeding for example, both fcllicular size and aromatase
activity were significantly higher in re-fed compared to the restrict-fed
gilcs.

The data from the studies carried out by Cox et al. (1987), Meurer
ot ai. (1991) and Cosgrove er al. (1921) suggest that ovarian development
may be to some extent influenced directly by changing metabclic status,
rather than indirectly by metabolic influences on the hypothalamic-
pituitary axis. If nutrition does affect the production ¢f IGF-1 in the
ovary, the proposed paracrine/autocrine role of this growth factor would
help to explain such gonadeotropin-independent .hanges in the ovary. The
objective of the following experiment was tc use the same prepubertal gilt
model as used by Booth (1990a) and Cosgrove (1991), to confirm the effects
of restrict-feeding/re-feeding on the reproductive status of the
prepubertal gilt under University of Alberta conditions. The effects of
changing metabolic state on ovarian development were also further
investigated, focusing on the hypothesis that IGF-1 may be a growth factor

that acts as a metabolic signel at the level of the ovary.

MATERITALS AND METHODS
Animals
Prepubertal gilts (Camborough x Canabrid; PIC Canada, Ltd.) were
obtained from the University of Alberta swine unit. Five groups of four

littermates were selected from a pool of ad libirum fed animals on the

~4
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£tart oi the experimental studv, groups of

gilts were moved into

[l

ndividual animal crates in which they were within

close visual and aural contact with each other and received watey ad

libitum. The following dav (dl), theyv were placed on a 7 dav restrice-

feeding regimen whereby they were fed a maintenance level of feeding twice

daily at 09.00h and 17.00h (approximatelv 30% of individual ad libitum

feed intake). The level of feeding was calculated on the basis of NRC

(1988) maintenance requirements.

On d&, the animals were split into four groups of five, with one

litter mate in each <treatment (iz. emploving a 2 = 2

tactorial
experimental design with five replicates per treatment). Two groups of

gllts remained on a maintenance level of feeding, either from 48 to d9

(R8) or d8 to dl3 (R1l2). The remaining two groups were fed to appetite,

either from d8 to &9 (28) or d8 to dl3 (Al2).

Blood Sampling

An indwelling jugular cannula was surgically placed under general

anaesthesia and aseptic conditions on day 6 of the study to facilitate

stress-free withdrawal of blood. Blood samples were taken at 10 minute

intervals from 08.00h until 17.00h on day 8. Groups R12 and Al2 were also
sampled from (C8.00h wuntil 17.00h on day 12. Blood was collected into
heparinized tubes and plasma obtained by centrifugation at 2000g for 20
min immediately after collection. The plasma was then stored at -20 C

)

until analysis for LH, insulin, IGF-1 and GH.
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Collecrtion Of Owvarian Tissue

Groups R8 and 48, and R12 and Al2 were <laughtered at eapproximately
09.00h on d9 or dl3 respectively in order to facilitate the collection of
thhe ovaries. One ovary (chosen at random) was examined to determine
follicular dimersions. The diameters of the ten largest follicles were

measured directly on the surface of the ovary, while their follicile

b

volumes were determined by aspiration of the fellicular fluid using either
a 50 pl or a 200 ul Hamilton syringe. The follicular fluid was retained
for estradiol analysis by adding it to 1 ml of PBS buffer.

The remaining ovary was snap frozen in liquid nitrogen and stored

at -70°C until analvsis for IGF-1 mRNA.

Radioimmunoassays

Lureinizing Hormone

Plasma LH concentrations were measured using the homologous double-
antibody radioimmunocassay previously described by Cosgrove (1591). The
detection limit of the assay was approximately 0.01 ng/tube, at a binding
of 87.93% (defined as mean total bound minus two standard deviations fyom
the mean total bound). Intra- and inter-assay coefficients of wvariaticm

were 10.6% and 2.2% respectively.

Insulin

Plasma insulin concentrations were measured in a single
radioimmuncassay using the homologous double-antibody radicimmunoassay
previously described by de Boer and Kennelly (1989), with modifications as

described by Cosgrove (1991). The detection limit of the assay was



approximatelv 0.008 ng/tube. at a binding of 90.93% (defined as mean toral

bound minus twe standard deviations from the mean total bound). The intra-
assay coefficient of variance for this assav was 10.2% respectively.
Growth Hormone

rowth hormone plasma concentrations were determined in a single
assay using the double-antibody radioimmuncassay procedure as described
by Marple and Aberle (1972) with modifications as described by de Passille
et al. (in press). The detection limit of the assay was approximately 0.06
ng/tube, at a binding of 923.9% (defined as total bound minus two standard
deviations frem the mean total bound). The

intra-assay coefficient of
variance was 5.8%.
Insulin-Like Growth Factor 1

IGF-1 plasma concentrations were quantified in a single
radioimmunoassay following acid-ethanol extraction to remove binding
proteins. The acid-ethanol extraction procedure used was that described by
Booth (1990b), with the following modifications; A ratio of 3000 gl acid-
ethanol:100 ul of sample was used, followed by a 20 hour incubatlon at
room temperature. The extracted protein was then precipitated bv
centrifugation at 3000g at 4°C, thus leaving the unbound IGF-1 in the
supernatant. The extraction efficiency of this procedure was estimated to
be 100% , based on estimates of cold recoveries of hIGF-1 added tao a
standard pool of plasma. The radioimmunoassay employed was that described

by Glimm et al. (1990), with modifications as described by Cosgrove

(1991). The detection limit was 0.002 ng/tube, at a binding ot 92.73
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(defined as mean total boand minus two stancard devia<ions from mean total

bound). The intra-assayv coefficient of variance for this assay was 4.74%.

Estradiol

Follicular fluid estradiol-170R concentrations were estimated in a
single tritiated radioimmunocassay using an antiserum (NCR Rabbit All,
obtained from Dr. N.C. Rawlings, Western College of Veterinary Medic.ne,
University of Saskatchewan, Saskatoon, Canada) raised in rabbit against
1,3,5,(10)-estrratrien-3,17R-diocl-6-one-6-CMO:BSA (STERALOIDS E1361).
Cross-reactivity for this antiserum reported by the supplier were: estrone
8%, estriol 0.4%, 17 a-estradiol 0.4%, testosterone 0.08%,
dihydrotestosterone 0.1%, 5 a-androstan-3R,178-diol 0.08% and cortisone
0.03%. Androstenedione, 5 a-androstan-3a,17%-diol, progesterone,
pregnenoliene, cholesterol, corticosterone and cortisol did not cross-react
with this antiserum. 100 gl of sample diluted in PBS buffer, 150 uxl of
assay buffer (2.77 mM sodium phosphate, 7.22 mM disodium phosphate, 139.66
mM NaCl, 15.38 mM NaN; and 0.1% (w/v) gelatin) and 200 ul antiserum (final
dilution 1:440,000) were &added to a 12 x 75 mm glass tube. After
vortexing, the mixture was cultured at room temperature (20°C) for one
hour, and followed by the addition of 100 gzl (approx. 20,000 dpm) °3H-
labelled estradiol-178 (Du Pont NEN Products) to each assav tube. After
incubation at 4°C for approximately 20 hours, 200 gl of well mixed dextran
coated charcoal (Dextran 0.125 g, Carbon Decolouring Alkaline Norit-a 1.25
g, mixed thoroughly in 250 ml assay buffer and cooled to 4°C) was added to
each assay tube, incubated for 10 min at 4°C and then centrifuged at 1450g

for 10 min. The supernatant from each tube was poured off into a 6 ml vial
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Containing 5.6 1 liquid scintillation fluid { 882,757 Comived "fhf"['(‘\‘.}"hl‘.',

and then counted In a beta-counter for 2 min. Duplicate tubes were assaved
for each sample. A series of standards was prepared bv diluting estradiol-
17B (1,2,5,(1l0)-Estratrien-3,17R-diol: 3.17R-dibydroxv-1,3 .5, (10)-
estratriene, Sigma) in assayv buffer. Specificity was confirmed bhv showing,
parallelism between a series of diluted quality control follicular fluid
pools (1/50, 1,/100, 1,200, 1,400, 1/800 and 1/1600) and standard

inhibition curves. The detection limit of the assay was 4.1 pg/tube, at a

binding of 84.9% (cdefined as mean total bound minus two standard
deviations from mean total bound). The intra-assay coefficient of variance

for this assay was 11.3%.

RNA Analysis

From each ovary, 0.5 g of frozen follicular tissue was harvested by

dissecticn with a sterile scalpel blade. The follicles were harvested in
descending order of size until 0.5 g of tissue was collected. Total RNA
was isolated from each sample using the guanidine isothiocyanate/caesiunm
chloride procedure as described in Chapter 2 and then analysed in a single
RNase protection assay, using the same procedure as described in Chapter
2. As 1in Chapter 2, sample total RNA was hybridized against a single
stranded antisense hIGF-1 Exon 3 riboprobe. The level of gene expression
for each animal was quantified using densitometry, expressing the readings

as a percentage of the reading for a standard aliquot of human placenta

(kindly supplied by &a co-worker in our laboratory, using identical

Fe

solation techniques). This method of quantifying gene expression was

>

adopted to allow comparisons of data generated in this study with that



generated in furture studies. The controls utilized to determine the

authenticity of the protected fragment are listed in Figure 3.4,

Statistical Analysis

Although a total of 20 gilts were originally selected fer this
study, data was only collected from 12 animals. At slaughte~ one animal
from a litter of 4 was found to be a hermaphrodite and, as another siblirnyg
(not selected for the study due to a poor growth rate) was also found to
be a hermaphrodite, this litter of four gilts was eliminated from the
trial. Two further gilts were eliminated from the trisl prior tec surgery
as one gilt appeared to be in estrus while the other showed inappetance.
Data on hormone changes were unavailable for another gilt, as the patency
of her cannula failed during the d8 sampling period; however her ovaries
were still collected and included in analysis of follicular parameters.
Similarly, the cannula of one gilt from the R12 group remained patent
throughout the d8 sampling period but failed on during the dl2 sampling
period. Enough samples were collected to make fair comparisons for
insulin, IGF-1 and GH secretion but not to give a fair estimate of LH
pulsatility. Once again her ovaries were still collected and included in
analysis of follicular parameters. Finally, a fifth gilt was withdrawn
from the experiment at slaughter as examinaticn of her ovaries revealed
the presence of corpora lutea (ie she was no longer prepubertal!).

Luteinizing hormone (LH) profiles were subjected to analysis using
a sliding window technique, as described by Shaw and Foxcroft (1985), to
generate mean, maximum and minimum secretion levels. The procedure was

also modified to generate the area of the secretion profile and as such,

80



give information regarding the total amount of LH secreted within the

sampling period, taking into account the baseline sensitivity of the

assay. ILH pulses in each profile were alse quantified to give an

indication of TH pulsatility. Pulses were gquantified by using a visual

appraisal procedure as described by Foxcroft ec ail. (1988) in which &
pulse was defined as an increase Iin secretion that occurs within two

sampling intervals, followed by a decline that takes 4t least threo

sarpl iy intervals te reach the bag¢eline level of secretion and represcents

& ~arithmic decline in LH concenitrations.

The effect ¢! Tr7at.w . ou hormone secretion, on d8, was analvsed

using a split-plot analysis of variance, fitting treatment as the main

effect and animal weight at the onset of the study as a covariate, using

the general Jinear model procedure (PROC GLM) within the SAS statistical

znalysizs computing software package. For d8 rplasma hormono

oS NG aas S

an

for treatments R8 and R12 were poocled, as until 49 these two groups were

subjected to an identical treatment regimen. Using the same rational, data
from groups A8 and Al2 were also pooled. Treatment effects on insulin
secretion were analysed during three different time periods: 08.00-09.00h
(Pre-prandial secretion), 09,00-11.00h (Prandial secretion) and 11.00-
17.00h (Post-Prandial secretion). On di2, secretion of insulin (pre-

prandial, prandial and post-prandial), IGF-1 and GH were again analysed

using a split-plot analysis of variance. However, due to lack sf animal

replicates with sufficient samples to justify using the s<liding vwindow
procedure, LH secretion on dl2 was analysed using the Student’s r-test

testing LH characteristics against treatment.

Comparisons were made between d8 and dl2 hormone secretions.
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Pepeated measures procedures were carried out within the SAS statistical
packags to compare d8 insulin (pre-prandial, prandial and pest-prandial),
IGF-1 and GH secretion with that ¢f dl12. Again due to a lack of animal
replicates, this comparison could not be made for LH.

Follicular parameters were also analysed using a split-plot analvsis
of wvariance. As described above for hormone secretion, treatment was
fitted as the main effect with gilt weight as a covariate. Individual
follicle volume, for each gilt, was regressed against diameter, for each
treatment, utilizing the regression procedure (PROC REG) within the SAS
statistical package. The resulting coefficients and intercepts for each
gilt were then analysed using the spliz-plot analysis of wvariance as
before. Similar comparisons were made for individual follicular estradiol
content (pg/follicle) and concentration /‘ng/ml) against follicle volume.
Follicle IGF-1 gene expression was regressed against mean follicle volume
and then mean follicular estradiol concentration (ng/ml) utilizing a
general linear model procedure for analysis of variance (PROC GILM) within
the SAS statistical package, testing follicular volume or estradiol as

covariates and their interactions with treatment as main effects.

RESULTS
IH secretion was estimated at 10 min intervals to allow the
characterization of pulsatility. The 1H profiles from two littermates from
groups R12 and Al2, on d8 and dl2, are illustrated in Figure 3.1 and are
representative of the effects of re-feeding and duration of re-feeding on
LH secretion ip all gilts. On d8, re-feeding of restrict-fed gilts had no

effect on mean, maximum and minimum LH secretion, or on LH profile area.
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Figure 3.1. FP'. ina LH profiles of two littermites {rom pronps RED and A0
on d8 and dl2. Arrows denote time of feed,
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On dl2, nowever, minimum LH secretion was significantly increased by re-

n

)

feeding (r<0.053) with similar trends for increases in mean and

mon Lo
secretion, ~nd profile area. IH episodes were also quantified: no
treatment effects on LH pulsatilitv were obscrved on d8. however on dl?
there were distinct increases in LH pulsatility although pilt variation
was responsible for this increase not being significant. All 1H data is
presented in Table 3.1.

On d8 there was no significant effect of treatment on preprandial
insulin secretion. Prandial insulin secretion was greater in re-fed
animals but this difference was insignificant. Post-prandial secretion was
significantly increased by re-feeding on d8 (P<0.001). By dl2, re-feeding
of previously restrict-fed gilts significantly decreased preprandial
insulin (P<0.C5) but did not change prandial or post-prandial insulin
secretion. When d8 insulin secretion was compared with that on dl2, no
effects of time or time X treatment interactions were observed.

Least
square means data for insulin secretion is presented in Table 3.2.

There were no significant ef’ects of re-feeding on plasma GH
secretion on either d8 or d12. When d8 GH secretion was compared with d12,
there was no eifect of time or anv *“ime » trestment interaction on GH
secretion. Weilght was found to have apn effect on GH secretion (P<0.05).
There were no effects of ticztment on plasma 1GF-1 secretion on either d#
or dl12 and no significant differences between d& and dl2 secretion. Least
square mean data for GH and IGF-1 are presented in Table 3.2.

There appeared to be no significant effects of re-feeding restrict-
fed gilts on ovarian development. No changes in follicular diameter or

P 04

volume were observed, although weight was found to have an effect as a
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Table 3.1 The Effect of Re-feeding Restrict-Fed
Gilts on Plasma LLH Secretion on D8 and D12

Day 8
‘Mé»é.n LH (ng/mtl)
Maximum LH (ng/ml)
Minimum LH (ng/ml)
LH Profile Area (ng/mil)

LH Pulses

Dayiz

Mean LH (ng/mt)
Maximum LH (ng/mh
Minimum LH (ng/ml)

L H Profile Area (ng/ml)

LH Pulses

Restrict-Fed

Re-Fed

0.235 = 0.037
0.319 = 0.0806
0.170 = 0.026
2.041 = 0.327
1.511 = 0.638

0.264 = 0.007
0.391 = 0.007
8.176 = 0.001
2.279 = 0.049
2.500 = 0.500

0.225 = 0.030
0.314 = 0.046
0.156 = 0.021
1.878 = 0.269
2.063 = 0.526

0.399 = 0.080
0.558 = 0.111
0.273 = 0.059*
3.495 = 0.757
4.250 = 1.031

Values are least square means = SEM for D8 and
means = SE for D12
* P<0.05 compared with restrict-fed group
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Table 3.2 The Effect of Re-Feeding Restrict-Fed
Gilts on Plasma Insulin, GH and IGF-1 Secretion
on B8 and D12

Restric‘i—ri:ed‘w ReFed 7

Days

Pre-prandial insulin (ng/mi) 0.488 = 0.048 0.526 = 0.042
Prandial Insulin (ng/ml) 1.100 = 0.442 2.376 = 0.386
Post-prandial Insulin (ng/ml) 0.344 = 0.068 1.076 = 0.059**
Growth Hormone (ng/mi) 0.789 = 0.166 1.126 = 0.145
IGF-1 (ng/m 86129 = 7.224 85712 = 6.312
Day 12

Pre-prandial Insulin (ng/ml) 1.974 = 0.115 0.166 = 0.088
FPrandial Insulin {(ng/ml) 1.120 = 0.801 0.896 = 0.611
Post-prandial Insulin (ng/m!) 1.059 = 0.321 0.469 * 0.245~

Growth Hormone {(ng/ml) 1.693 = 0.405 0.725 = 0.309

+

IGF-1 (ng/ml) 110.326 = 8.305 85.445 = 6.331

it

Values are least square means = SEM
* P<0.05, **P<0.001 compared with restrict-fed
group.
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follicular fluid estradiol

=
0

orntent (pg/follicle) or concentration (ng/ml),

although there are trends for an increase in follicular estradiol with re-

(o8}

feeding on dl3. Follicular volume and diameter are depicted in Figure 2.2,

and follicular estradiol is iilustrated ir. Figure 3.3.

individual

4+

Individual foliicie volumes were regressed &gainst
follicle diameter to give arn indication whether re-feeding affected the

ratio of follicle cell content to antral fluid. A similar

0

omparison was
made for the relationship between individual follicle wvolume and
individual follicular fluid estradiol concentration and content. Analysis
of the intercepts and slopes for each animal di-! not indicate any effects
of treatment on the relationship between foll.:le wvolume and follicle
diameter, follicular estradiol concentration or fellicular estradiol
coliteliv.

Authentic IGF-1 exon 3 protected fragments were detected in ovarian
total RNA from all gilts in all treatments, suggesting that the IGF-1 gene
was enpressed in ovarian tissue from both restrict-fed and re-fed gilts
(Figure 3.4.). Re-feeding was found to have a highly significant effect on
ovarian IGF-1 gene expression:, with re-feeding resulting in increases in
mRNA detected on d9 and dl3 compared with their respective restrict-fed
treatment groups (P<0.00l). No significant difference between two days of
re-feeding (d9) and five days of re-feeding (dl3) were observed, although
five further davs of restricrz-feeding resulted in higher gene expression
than two further days of restrict-feeding. Mean densitometric readings for
IGF-1 mRNA expression in ovarian tissue from each group are illustrated in

Figure 3.5. Litter was also found to have an effect on IGF-1 gene



Figure 3.2. Mean follicle diameters and vo.umes for four treatment pronps,
Treatment abbreviations ave defined in the text.
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Figure 3.3. Mean follicle estradiol concentrations and contents for four
treatment groups. Treatment abbreviations are defined in the texr.
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Figure 3.4. Autoradiograms of RNase protection of 50 ug of porcine ovarian
total RNA from re-fed and restrict-fed tilts on d132 and dY (3.4b), with
controls a - £ and A - C (3.4a and 3.4b): a & C. 30 pg, human placenta
total RNA, b & B. 250 pg synthetic ICF-1 mRNA preparation, c. 50 up
porcine hepatic poly A” RNA, d. 50 pg porcin: ovarian poly A” RNA, e. 7,500
dpm unhvbridized, undigested IGF-1 exon 3 riboprobe, f. 5 x 10°% dpm
unhybridized, digested IGF-1 exon 3 ribouprobe, and A. 5 pg ovarian total
RNA, undigested.

Control markers (M) (in bases) are indicated on right of the
autoradiogram, estimated weights (in hases) of the protecred frapment and
the riboprobe are depicted to the left of the autoradiogram. Each lanec

represents individual gilt samples. The autoradiogram was exposed for 40
hours.
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Figure 3.5. Mean abundance of 1GF-1 mRNA detected
total RNA from four treatments.
text. Bars with different
(P<0.001).

in 50 pg of ovarian
Treatment abbreviations are defined in the

superscripts were significantly different
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expression (P<Q.005), as was the covariate weight (P<Q. 001y, No

correlations be made between ovarian IGF-1 gene expressicn and
follicle volum. estradiol concentrations.
DISCUSSION

Despite the loss of 40s of the animals from this studwv,

we did succeed in

confirming the effects of re-feeding restrict-

H

ed pilts on LH s -retion

@l

re-feeding gilts significantly elevated minimum levels of LH by dl2 and

trends indicated that all other characteristics of LH secretion wete also
elevated. The lack of differences between the two treatment groups on db
were not surprising. Booth (1990a) failed to detect anv increases in LH
pulsatility until 6 hours after re-fecding. In the present experiment this

would be equivalent to 15.00h, with only two hours of frequent sampliag

following this time. Considering the low numbers of animals successfully

[0}

ampled and the short duration of this period, any differences would have
to be dramatic in order to be statistically significant. In conclusion we
can be confident that we have succeeded in establishing the restrict-
fed/re-fed prepubertal gilt model wunder the University of Alberta
conditions. This has since been confirmed more extensively by Cosgrove
(1991).

On d8 there were no ureatment effects on pre-prandial insulin, which
was to be expected, as until the 09.00h feed following the pre-prandial
period of sampling, all four groups of animals had been treated exactly
the same. Prandial levels were not significantly elevated by re-feeding,

however trends did indicate a slight increase in insulin in response to

the feed-to-appetite. Post-prandial insulin was significantly elevated,
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rherefore suggesting that a single feed-to-appetite was able to elevate
basal levels of insulin secretion.

There were very little effects of treatment on insulin secretion by
212 of the study. Preprandial levels of insulin were lower in the re-fed
compared to the restrict-fed, which is perhaps surprising. Booth (1990a)
and Cosgrove (1%91) failed to detect differences in the pre-feeding period
which was probably due to the fact that the re-fed animals were only full-
fed at 16.00h for a one hour period following which they were subjected to
an overnight fast. The overnight fast may have succeeded in prometing a
marginally catabolic metabolic state similar to that of the restrict-fed
gilts. Why pre-prandial insulin should be significantly lower in the re-
fed animals is unclear. The answer may actually lie in the number of gilcts
replicates in each treatment.

The present study failed to reveal any effects of re-feeding
restrict-fed gilts on circulating levels of growth hormone on either d8 or
dl2. This is in contrast to a study carried out by Buonomo and Baile
(1991) to studv the effects of 48 hours of fasting, followed by re-freding
on the metabolic status of barrows. They demonstrated that there was a
decrease in growth hormone within two hours of re-feeding concomitant with
increases in insulin and _riiodothyronine (T;). The results from the
present study were more similar to those found by Booth (1990b) who failed
to detect any changes in growth hormone in a subset of two gilts between
d7 and dl4. The results from Booth's study and the present study may be
different from that of Buonomo and Baile due the differences in the
treatment regimen: 48 hours of fasting may have a more severe effect on

growth hormone release than seven days of maintenance feeding. The level
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of nutrition may alter pituitary responses to hypothalamic regulatory

ractors such as growth hormone releasing factor (GRF)., or 48 hour of

fasting may reduce circulating IGF-1 concentrations thus partially

removing the negative feedback effects of IGF-1 on growth hormone

secretion (Guyda et al., 1983).

On d8, there was no effect of re-feeding on plasma IGF-1 levels.

This result agrees with the findings of Buonomo and Baile (1991), who

failed to detect changes in IGF-1 until 24 hours after the return toe ad

libitum feeding following the 48 hour fast. Similarly there were no

changes in IGF-1 levels on dl12, which is not surprising considering the

lack of treatment effects on plasma insulin or growth hormone.

The failure to achieve different levels of insulin or ICF-1 by dl2
suggests that physiologically this experiment is not very representative
cf the effects of re-feeding restrict-fed gilts when compared to other
studies. This was probably due to poor replication within treatments. The
ovarian data supports this conclusion, as there appeared to be no

indication of ovarian responses to re-feeding in either mean follicle

diameter, volume or follicular estradiol on d9 or dl3.

Evidence for expression of the IGF-1 gene was detected in all

ovarian samples. The RNase protection assay succeeded in detecting a
protected fragment corresponding to the exon 2 of the transcribed IGF-1
mRNA. Re-feeding of restrict-fed gilts was found to significantly increase
the amount of IGF-1 mRNA detected on both d8 and dl12. Thisg flinding
suggests . hat ovarian IGF-1 gene expression is sensitive to feeding level,

and that the response of this gene in the ovary 1is similar to that of

hepatic IGF-1 gene expression in the rat (Elmer and Schalch, 1987).
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a2 vhile circulating lsvels were not, as this suggests that there may be
a laz period between gene sranscription and production of the gene

procduct . Howsver, the lack of changes in circulating IGF-1 levels observed
on 212 might suggest that hepatic IGF-1 gene expression was not effected
byv re-feeding in the same way as ovarian IGF-1 gene expression, assuming
that the majority of circulating IGF-1 is of hepatic origin. Due to the
lack of & suitable 1iamber of replicates, this conclusion must be very
tentative. ac the observed differences may be due to inter-animal
variation. In addition, the methodology for detecting the IGF-1 mRNA is
stiil in its preliminary stages of cdevelopment.

To summarize, it is difficult to make any firm conclusions from the
results of this study due to the lack of replicates. However, we can be
confident that the restrict-fed/re-fed prepubertal gilt model used with
locally available animals produces similar affects on gonadotropin release
as observed in previous studies (Booth, 1990a and Cosgrove, 1991).

Evidence for the expression of the IGF-1 gene was detected in the
ovarian tissue of individual gilts, therefore demonstrating the enormous
potential for applying RNase Protection assay methodology to answering
physiological questions at a molecular level in individual animals. This
procedure is particularly useful when only small amounts of tissue are
available and when the level of gene expression is low. Irn addition,
ovarian gene expression was found to be regulated by feeding level,
suggesting that local production of IGF-1 in the ovary may be regulated
directly by feeding level and as a consequence of tnls, supports the

hvpothesis that IGF-1 might be a link between metabolic status and ovarian

W
w



dewvelopment.
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CHAPTER 4

Effects of Restrict-Feeding/Re-Feeding on Metabolic
Status, Ovarian Follicular Development and on Ovarian and
Hepatic insulin-Like Growth Factor 1 (IGF-1) Gene Expression
and Production in the Prepubertal Gilt.



INTRCDUCTION

The study carried out in Chapter 2 established the validity of using
the seven day restrict-fed prepubertal gilt model in our laboratory for
further studies of nutrition-reproduction interactions. However, due to
low numbers of replicates, that experiment was not representative of the
effects of restrict-feeding followed by re-feeding on the metabolic and
reproductive status of the gilts. For this reason the {following more
extensive study was designed. As there 1s unequivocal evidence
demonstrating the central effect of restrict-feeding/re-feeding on LH
secretion (Booth, 1990a; Cosgrove, 1991; results presented in Chapter 3),
no estimation of LH secretion was carried out.

Data from the previous study and that of Cosgrove et al. (1991) and
Booth (1990) indicated that there were few effects of re-feeding on
ovarian function during the first 24 hours, but that differences were
observed on days 12 and 13. The present study was therefore simplified
from that in Chapter 3, to only examine the metabolic and reproductive
status of the animals following six days of re-feeding.

Another development from the previous study was the strategy adopted
to evaluate circulating growth hormone levels. Kirkwood et al. (1987)
demonstrated that there may be a night time elevation in growth hormone
secretion in growing swine. Therefore if there were to be any effects of
re-feeding restrict-fed gilts on growth hormone secretion, they may be
more easily detected during the night. In addition, studies by Thomas et
al. (1990), using the ovariectomized ewe, indicated that restrict-feeding
may induce pulsatile secretion of growth hormone. Growth hormone secretion

was therefore evaluated using a night time sampling window (02.00-06.00 on
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dl4) and samples were taken at 10 min intervals in order to allow the
characterization of pulsatile secretion should it exist.

In addition to obtaining tissue for detecting the level of IGF-1
gene expression In ovarian tissue, as in the previous study, samples of
hepatic tissue were also analysed. Hepatic IGF-1 gene expression has been
shown to be sensitive to feeding level in the rat:

fasting reduces
circulating levels of IGF-1 and the expression of the IGF-1 gene in
hepatic tissue (Elmer and Schalch, 1987). Analysis of the IGF-1 gene
expression in both ovarian and hepatic tissue collected from restrict-fed
and re-fed gilts would therefore allow a comparison of the changes in IGF-
1 gene expression to feeding level in the different tissues and may
provide evidence for dependent or independent responses.

The main objectives of the following experiment were therefore two-
fold: Firstly to confirm clhe effects of restrict-feeding followed by re-
feeding on the metabolic status of the gilt and therefore determine
whecther decreased insulin levels do indeed uncouple the GH - IGF-1 axis;

secondly to determine whether ovarian IGF-1 gene expression responds to

feeding level in the same manner as the hepatic IGF-1 gene expression.

MATERIALS AND METHODS
Animals
Prepubertal gilts (Camborough x Canabrid; PIC Canada Ltd.) were
obtained from the University of Alberta swine unit. The animals were
selected from a group of gilts fed a commercial grower ration ad libitum.
The average weight of the gilts was 36.2 + 5.1 Kg at the time of

selection. All gilts were then weighed at weekly intervals to determine
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growth rates until a target weight of 70 Kg was achieved. Due to housing
restrictions, two groups of gilts were selected two weeks apart, resulting
in a replicated experimental design. Overall, twenty-two gilts from seven
litters were selected for the study on the baslis of comparable growth
rates, with four litters in the first replicate (n=10) and three in the
second (n=12). One week prior to the start of the study, all animals were
fed to appetite twice daily at 09.00h and 16.00h. One day prior to the
start of the experimental study, the gilts were moved into individual
holding crates within visual and aural ccntact of each other and received
water ad libitum. An additional feature of the replicated design was that
the sampling protocols were carried out in two different barns: the first
group was bhoused in a newly constructed experimental animal housing
facility (designated as Barn 1), while the second group was housed in an
older barn used previously for similar intensive studies (designated as
Barn 2).

On dl of the study, all gilts were placed on a 7 day restrict-
feeding regimen, whereby they were fed a maintenance level of feed twice
daily at 09.00h and 17.00h (approximately 30% of individual ad Iibitum
feed intake). The level of feeding was calculated on the basis of NRC
(1988) maintenance requirements. On d8 the animals were allocated within
litter to one of two treatments, balanced for at least one litrowr mate 1in
each treatment (ie. employing a split plot experimental design) and to
achieve a mean body weight across treatments of 70.7 x 4.7 Kg. Restrict-
fed gilts remained on a maintenance level of feeding from d8 to dl4, while
re-fed gilts were fed to-appetite from d8 to dl4 for two one hour periods

starting at 09.00 and 16.00h. Weekly 1live weight measurements are
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illustrated in Figure 4.1.

Blood Sampling

An indwelling jugular cannula was surgically placed under general
anaesthesia via the superficial cephalic vein, under aseptic conditions on
day 9 of the study to facilitate stress-free withdrawal of blood. On dl3,
10 ml blood samples were taken at half hourly intervals from 07.0Ch until
11.00h and then hourly until 16.00h. The blood samples were collected into
heparinized tubes and plasma obtained by centrifugation ar 2000 g for 20
min immediately after collection. The plasma was then stored in two
aliquots per sample at -20°C until analysis for plasma insulin and IGF-1.
On dl4, 3 ml blood samples were taken at 10 min intervals from 02.00h to
06.00h for amalysis of GH secretion. At 06.00h a 10 ml blood sample was
taken to determine insulin and IGF-1 status prior to shipping and

slaughter.

Collection Of Ovairian Tissue

All animals were slaughtered at a local packing plant at
approximately 09.00h on dl4 to facilitate the collection of the ovaries
and a 10 g liver sample. One ovary (chosen at random) was examined to
determine follicular dimensions. The diameters of the ten largest
follicles were measured directly on the surface of the ovary, while their
follicle volumes were determined by aspiration of the follicular fluid
using either a 50 pl or a 200 gl Hamilton syringe. The follicular fluid

was retained for estradiol and IGF-1 analysis by adding it to 250 ul of

phosphate buffered saline (PBS).
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Figure 4.1. Weekly average live weights of gilts in each treatment and
barn.
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The remainin ovarv znd liver sample were sna frozen in 1liquid
& A q

nitrogen and stored at -70°C until analysis for IGF-1 mRNA.

Radioimmunoassays

Plasma insulin concentrations were measured in a single assay using
the homologous double-antibody radioimmuncassay previously described by de
Boer and Kennelly (1989), with modifications as described by Cosgrove
(1991) . The detection limit of the assay was approximately 0.005 ng/tube,
at a binding of 94.8% (defined as mean total bound minus two standard
deviations from mean total bound). The intra-ascay coefficient of variance

for this assay was 10.0%.

Growth Hormone

Growth hormone plasma concentrations were determined using the
double-antibodvy radicimmunocassay procedure as described by Marple and
Aberle (1972), with the following modifications as described by de
Passillé er al. (in press). The detection limit of the assay was 0.150
ng/tube, at a binding of 86.7% (defined as mean total bound minus two
standard deviations from the mean total bound). The intra- and inter-assay

coefficients of variance were 5.79% and 11.19% respectively.

Insulin-Like Growth Factor 1
Plasma and follicular levels of IGF-1 were quantified in a single
radioimmunoassay following acid-ethanol extraction to remove binding

proteins. The acid-ethanol extraction procedure used was that described by
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Booth (1990b), with the following mcdifications; A ratio of 3000 pl acid-
ethanol:100ul of sample was used, followed bv a 20 hour incubation at room
temperature. The extracted protein was then precipitated by centrifugation
at 3000g at 4°C, thus leaving the unbound IGF-1 in t}.-

supernatant. The

extraction efficiency of this procedure was estimated to Lo 100: , bascd

on estimates of cold recoveries of hIGF-1 added to a standard pool of
plasma. The radioimmunoassay employed was that described by Glimm et al.
(1990), with modifications as described by Cosgrove (1991). The detection
imit of the assay was 0.002 ng/tube, at a binding of 92.7% (defined as

mean total bound minus two standard deviations from the mean total bound).

The intra-assay coefficient of variance for this assay was 4.74%.

Estradiol

Follicular fluid estradiol concentrations were estimated in a single
radioimmunocassay using the same procedure as that described in Chapter 3.
The detection limit of the assay was 1.56 pg/tube, at a binding of 89Y.2%
(defined as mean total bound minus two standard deviations from the mean

total bound). The intra-assay coefficient of variance for this assay was

6.83%.

RNA Analysis

Frozen follicular tissue was harvested fron the ovaries of all 22
gilts by dissection with a sterile scalpel blade. The follicles were
harvested from each ovary in descending order of size until 0.5 g of

tissue was collected. Total RNA was isolated from each ovarian sample, as

well as a 0.5 g sample of liver from the same animal, using the guanidine
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icothiocvanate/caesium chloride procedure as described 1 Chapter 2. All
camples from each animal were then subjected to the RXase protection assay
r N >

procedure described in the same chapter. Aliquots o
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centa total R4 (kindly provided by D.R.Glimm, using identical
roral BMA isolation techniques) was included on each gel to act as a
standard control across assays. Thz contrels utilized to determine the

authenticity of the protected fragment are listed in Figure 4.9.

Statistical Analysis

Complete blood samples were only ccllected from 18 animals as
cannula patency failed in 2 gilts in Barn 1 (both re-fed) and 2 gilts in
Barn 2 (1 restrict-fed and 1 re-fed). Their ovaries znd liver sample were
collected. however, and ircluded in the approprlate analyses. Follicular
estrarliol was estimated in all follicles, however, due to insufficient
follicular fluid remaining after analysis for estradiol, IGF-1 levels
could not be measured in all follicles. Therefore, in order to allow a
fair comparison of follicular IGF-1 concentration in all gilts, only the
mean of the five largest follicles was used.

Due to the differing environments within the two barns, the effect
of treatment on hormone secretion, ovarian development and IGF-1 gene
expression was analvsed using a 2-wav split-plot analysis of wvariance,
fitting feeding level and barn as the main effects and animal live weight

on d0 as a covariate. An error term for barn of barn(litter) was used to
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test the effect of barn as. although treatments were equallyv distribured

-

across the two harns, litters were not due to the two week differ: nee in

age between the two grcuips For statistical s. litters with nore

2

analvs

than one littermate pa

e

r were considered as representing separate litters
with pairings based on similarity of weights at the onset of the studwv.
This increased the of degrees of freedom for litter to increase from 6 to
10. The general linear model procedure (PRCC GLM) within the SAS
statistical zanalvsis computing software package was used for all

statistical analyses.
Plasma insulin was estinated at half hourly

intervals from 07.00-

11.00h to give a detailed profile of the prandial response of insulin

secretion to feeding at 09.00h. Insulin was then measured at hourly
intervals until 16.0Ch to give an indication of basal post-prandial levels

of secretion. Treatment effects on insulin secretion were analysed during,

three dJdifferent time periods: 07.00-09.00h (pre-prandial secretion),

09.00-11.00h (prandial secretion) and 11.00-16.00h (post-prandial
secretion). Night time secretion of GH was characterized using a slidin
window procedure as used by Shaw and Foucroft (1985).
two hours was used, as examination of night time profiles for GH revealed
surges of GH secretion with durations of approximately two hours. This
procedure provided mean, maximum and minimum characteristics of GH
secretion. A modification of this procedure estimated the area under the
profile (profile area). therefore giving an indication of the total amount
of GH circulating in tﬁe four hour period.

Mdean follicular parameters were analysed using the 2-way split-plot

analysis of variance, as described above. In addition, individual follicle
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volumes, for each gilt, were regressed agesinst diameter, utilizing the
regression procedure (PTOC REG) within the SAS statistical package. The

resulting coefficients and intercepts for each gilt were then analysed

pr

using the 2-way split-plot analysis of wvariance as befere. Similar
comparisons were made for individual follicular estradiol content
(pg/follicle) and concentration (ng/mi) against follicle volume, and for
individual follicular 1IGF-1 content (ng/follicle) and concentration
(ng/ml). The regression snalysis for follicular IGF-1 concentrations and
contents used all avail .e data and mnot only the data from the five
largect follicles.

Follicle IGF-1 gene expression was regressed against mean follicle
volume, mean fellicular fluid IGF-1 concentration (ng/ml), mean plasma
1GF-1, preprandial, prandial and post-prandial plasma insulin, and plasma
GH. The general linear model for analysis of variance was used for this
analysis, with follicle volume, follicular IGr-1, plasma IGZ-L., plasma
insulin and plasma GH as covariates. The interactions between each

covariate and treatment were also analysed.

RESULTS
The insulin prcfiles from four littermates (two restrict-fed and two re-
fed) are illustrated in Figure 4.2. Six davs of re-feeding restrict-fed
gilts significantly increased pre-prandial (P<0.05) and post-prandial
(P<0.01) insulin secretion. No significant increases in prandial insulin
levels were detected, although least square means of prandial secretion
suggest that there are distinet trends for re-feeding to increase the

insulin response to feeding. There were no barn effects for pre- and post-
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Figure 4.2. Plasma insulin profiles from fcour littermates, two restrict-
fed and two re-fed. Profiles represent insulin secretion during three time
periods: pre-prandial (07.00 - 09.00h), prandial (09.00 - 11.00h)
post-prandial (11.00 - 16.00h).

and
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prandial insulin secretion, however there were significant effects of barn

on prandial secretion (P<0.05), which may offer an explanation why

treatment was not significant despite apparent changes in mean prandial
insulin. All insulin datz 1s presented in Tab

The GH profiles from four littermates (two restrict-fed and two re-
fed) are illustrated in Figure 4.3. Night time secretion of GH was not
affected by treatment or barn. There were no changes in mean, maximum or
minimum plasma GH or in profile area as illustrated in Table 4.2. There
were highly significant effects on plasma IGF-1 levels (P<0.005):
realimentation induced a 60% increase in circulating levels. Housing also
had an effect on circulating IGF-1 (P<C.05), however there were no barn x
zractions, thus indlcating a uniform effcct of re-ifceding
across both barns (illustrated in Figure 4.4.).

Plasma levels of insulin and IGF-1 were estimated in a single sample
at 06.00h on dl4 to determine their status prior to slaughter. Their

values were found to be comparable to mean pre-prandial insulin levels and

mean IGF-1 on dl3, respectively.

In this study there were associated effects of re-feeding gilts on
ovarian development. Mean follicular dirmeter was increased by re-feeding
(P<0.05), as was volume (P<0.01l). Mean follicular fluid estradiol and IGF-

1 levels were not however affected by treatment. Follicular parameter data

is presented in Table 4.3.
Individual follicle volumes were regressed against individual

follicle diameters for each treatment to give an indication whether re-
feeding had effects on the ratio of follicle cell content to antral fluid.

Regression analysis of these particular data revealed significant linear
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Figure 4.3. Plasma GH profiles from four littermates, two restrict-fed and
two re-fed. Samples were taken at 10 min intervals from 02,00 until 06_.00
on dl4.,
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Figure 4.4. Mecan plasma IGF-1 concentrations in restrict-fed and re-fed
gilts in each barn.
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relationships between follicle volume and diameter in both restrict-fod

.

{P<C.001) and re-fed gilts (P<0.001) (Figure 4.5.). Analysis of the

intercepts and slopes for each animal did not reveal any ceoffect of
treatment (or barn) on the relationship be' een follicle diameter and
volume.

Individual follicular estradiol concentrations and content were also
regressed against individual follicle volume. Regression analysis revealed
significant linear relationships between follicular estradiol

{concentration and content) and volume in both restrict-fed (P<0.001) and

re-fed gilts (P<0.001), as depicted in Figures 4.6. and 4.7. Analysis of
the intercepts and slopes for each animal did not indicate any effects of
treatment or barn on this relationship.

Follicuiar IGF-1 concentrations and contents for individual
follicles were regressed against individual follicle volumes. Regression
analysis revealed a significant inverse relationship hetween follicle IGF-
1 concentration and volune for both restrict-fed (P<0.001) and re-fed
gilts (P<0.001), as illustrated in Figure 4.8. However, the relationship
between follicular IGF-1 content and volume was found to be linear
(depicted in Figure 4.9.) for both restrict-fed (P<0.001) and re-fed gilts
(P<0.001). Analysis of the intercepts and slopes for both characteristics
of follicular IGF-1 revealed significant effects of treatment in that re-
feeding significantly increased the intercepts for both follicle IGF-1
concentration and content. There were, however, no effects of re-feeding
onn the gradients for either concentration or content, and there was no

effect of barn on any characteristic of follicular IGF-1.

Gene expression for IGF-1 was detected in follicular tissue from all
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Figure 4.5. Linear regression of individual {follicle volume against
tollicle diameter in restrict-fed (P<0.C01) and re-fed gilits (P<0O.001).
Circles denote individual data, while the solid lines denote fitted line.
Fitted lines were not significantly different.
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Figure 4.6. Linear vregression of individual follicle estradiol
concentration against follicle volume in resctrict-fed (P<C.00L1l) and re-fed
gilts (P<O.001). Circles denote individual data, while the solid lines
denote fitted line. Fitted lines were not significantly different.
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Figure 4.7. Linear regression of individual follicle estradiol content

against follicle volume “n restrict-fed (P<0.001) and re-fed gilts
(P<0.001). Circles deuwote individual data, while the solid lines denote
fitted line. Fitted lines were not significantly different.
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Figure 4.8. Reciprocal regression of individual follicle IGF-1
concentration against follicle volume in restrict-fed (P<0.00l) and re-fed
gilts (P<C.001). Circles denote individual data, while the solid lines
denote fitted line. The intercepts of the fitted lines were significantly
different (P<0.05).
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Figure 4.9. Linear regression of individual follicle IGF-1 content against
follicle volume in restrict-fed (P<0.001l) and re-fed gilts (P<0.001).
Circles denote individual data, while the solid lines denote fitted line.
The intercepts of the fitted lines were significantly different (P<0.05).
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22 gilts, as 1illustrated in Figure 4.10. IGF-1 gene expression was
detected in hepatic tissue from 17 gilts (8 restrict-fed and 9 re-fed
gilts). As the absence of expression liver mREA could have been due to
methodological problems, data from these gilts were treated as missing
wvalues, rather than attributing them with a 0% level of expression with

respect to the level of mRNA expression in a standard aliguot of total

w

human placenta RNA. No effect of re-feeding gilts was found on either
ovarian or hepatic IGF-1 gene expression. However, the lack of
significance at the 5% level may well be due to the enormous variations in
gene expression between replicates, as the mean levels of expression
suggest that there are marked decreases in ovarian IGF-1 gene expression
and increases in hepatic IGF-1 gene expression in response to re-feeding
(illustrated in Figure 4.11.).

Regression analyses were carried out to determine whether there

s

were correlations between ovarian and hepatic IGF-1 gene expression, and
follicular volume and IGF-1 concentration, and plasma levels of IGF-1,
insulin and GH. No correlations could be made between hepatic or ovarian
IGF-1 gene expression and any of the parameters chosen, although there
were changes in the abundance of IGF-1 abundance coincident with changes
in the parameters examined. This was presumably due to the wvariation

observed between replicates.

DISCUSSION
The effects of re-feeding on plasma insulin, growth hormone and IGF-1
support the hypothesis that restrict-feeding uncouples the growth hormone-

IGF-1 axis. Re-feeding gilts increased woth basal insulin levels and
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Figure 4.10. Autoradiograms o: RNase protection of 50
ovarian (0) and hepatic (L) total RNA from four littermates (two re-fod
and two restrict-fed) (4.10a), with controls a - f and A - C (4.10a and
4.10b): a & C. 30 pg human placenta total RNA, b & B. 250 pp svnthetic
IGF-1 mRNA preparation, c. 50 pug porcine hepatic poly A™ RNA, d. 50 M
porcine ovarian poly A" RNA, e. 7,500 dpm unhybridized, undipested 1GF-1
exon 3 riboprobe, f£. 5 x 10% dpm unhybridized, digested TGF-1 exan 3
riboprobe, and A. 5 pug ovarian total RNA, undigesred.

Control markers (M) (in bsases) are indicated on right  of  the
autoradiogram, estimated weights (in bases) of the protected [ragment and
the riboprobe are depicted to the left of the autoradiogram.
represents either the ovarian or hepatic
autoradiogram was exposed for 16 hours.

o, of porcine
/ J

Fach lane
sample from one gilt., The
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Figure 4.11. Mean abundance of IGF-1 mRNA detected in S0 sy of restricot -
fed and re-fed hepatic and ovarian total RNA.
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ng growth horinone .

These effects of re-feeding are similar to those reported bv Booth (1990t
and Cosgrove (1291 who both found that {five davs of re-feeding in

coincident with
w2 growth hormoo.
were not affected by
re-feeding in the limited number of gilts in vhich GH was analvsed.
Prandial insulin was mnot significantiyv elevated by re-feeding,
however prandizl insulin levels were significantly affected bv barn: mean
insulin levels were higher in Barn 1 than in Barn 2. Although re-£.

=ding,

did elevate mean levels of insulin in both barns, the elevation measurcd

=t

n barn 1 was greater than that measured in Barn 2. Barn-induced variation

arvoncee ~*he twn trsarmer~-c *hoerefarve ranfaimAdaAd *ha afFiorr md vl Frpdina

the insulin response to eating a single me

W]
st

It appears that either the different environmenrts within the barns

or differences between the two groups of znimals or a combiration of the
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Freguent night time measurements of growth hormone of both re-fod

and restrict-fed gilts, revealed what might be described as a surpe nof

N

growth hormone secretion that lasted appromimately two hours and occurred

at random within the sampling period. The duration ¢f the surges of growth

hormone were similar to those observed hy Klindt and Stone (1%84) in ad

libitum fed barrows welighing 7% kg, sampled &t 15 min Intervals 1or a 24

hour period. However profile of the rise in GH secretion did not have the



clzssic pulse profile as observed by XKlindt and Stone (1984) in barrows or
in ovariectomized swes (Tnomas ez al.,l19%0;, where there was a rapid
nerease ‘n CGH wicthin two samplirg intervals, followed by a logarithmic
decline towards baszl levels. Instead the surges observed iIn both the

demonstr

n

.-
“

Y]

(=

restrict-fed and re-fed i

0
W

ted a gradual increase in GH

m

followed by a gradual decrease rsturning to baszl levels. The observed
differences berween the observation in the barrow study and the present
study may be relared to the different feeding regimens employed. The

barrows were fed to ad Iibitum, while the gilts in both treatments in the

rt

present study were subjected to an overnight fast. Wny an overnight fast
~hould alter the secretory profile of GH is unclear.

Ovarian development was stimulated by six days of re-feeding. As in
previous studies (Booth, 1990b and Cosgrove, 1991), realimentation
significantly increased follicular diameter and volume. There were,
however, no effects of treatment on follicular fluid estradiol
concentration. In fact the estradiol concentrations in the follicles
collected in the present study were so low that theyv appear toc be non-

estrogenic, suggesting that the ovaries collected from the gilts in this

study were not sufficiently developed to possess estrogenic follicles.

rh

Although plasma levels o

(¥

IGF-1 were significantly increased by re-
feeding, there was a marked lack of response in the mean tevel of IGF-1 in
follicles of the same gilts. In addition, follicular IGF-1 concentrations
were higher th.n both restrict-fed and re-fed gilts. A similar difference

has alsc been observed in the dominant follicles of human ovaries. Eden et

o
LS

(1989 reported that follicular fluid IGF-1 levels of cohort follicles

are comparable to circulating IGF-1 levels, but IGF-1 levels in dominant



follicles are significantly higher than circulating levels. As it is

[

ikely that the ten largest follicles from a porcine ovarv would be amons

those destined for ovulation at pubercty (unless thev became atretic). the

higher concentrations measured within these follicles are consistent with

the conclusion of Eden e: ai. (198%8) thar the intrafollicular levels of

"dominant" follicles are higher than those of subordinate follicles.

}--

s of IGF-1 w

[ty

Ve

P

The higher 1

Fty

thin follicles mav indicate either that

there is local production of IGF-1 by the granulosa cells,

as sugpe sted by

R

n vitro studies, or that IGF-1 clearance rates within follicular fluid

are slower than in plasma - perhaps by sequestration by

locallv-produced

IGF Binding Proteins (Holly & Wass, 1989). The lack of effect of re-

feeding restrict-fed gilts on mean follicular IGF-1, in

contrast to the

dramatic effects observed on circulating IGF-1. mav sugpest rthat in some

Jay the ovary maintains its internal concentrations of IGF-1 by either, or

both, of the methods suggested above. The analvsis of total RNA for mRMNA

for the ICF-1 gene suggests that the intra-follicular levels of this

ao

growth factor are maintazined bv local production by follicular tissue

restrict-fed gilts were actually found to have a higher level

of
fellicular expression of the IGF-1 gene. It appears that ovarian and

he

“J
Y
0

at IGF-1 gene expression are regulated differentiaily and this allows
cvarian production of IGF-1 to make wup a deficit in ans
circulating IGF-1 into the follicular compartment when
expression and circulating levels are low.

These conclusions are all circumspect, however. They

y
assume thnat o

proportion of IGF-1 measured in fnllicular fiuid is of ¢

s
[N
[

rculat n.

ng orig

5

To date there 1is little evidence to indicate how IGF-1 is transported



across capillary membranes into tissues and to ths author’s knowledge, no

worl, has been carried out to determ

-

ne how circulating IGF-1 1is
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1ndivridual concentratiouns of follicular fluid IGF-1 were found to

[ s

have an inverse relationsn

ct

p with follicle wvolume, as i1ilustrated iIin
Figure 4.%. This may suggest that absolute levels of follicular IGF-1
remain constant and that as the follicles grow and £ill with were fluid,
the IGF-1 held within is diluted with the increasing amounts of fluid.
However, regression of absolute follicular IGF-1 content against follicle
volume indicates that this may not be the case: absolute IGF-1 content was
found to linearly increase with increasing follicle volume. These findings
may allov us to conclude that IGF-1 production is greater in smeller
follicles compared to larger follicles, and that as follicles increase in
size, the metabolic clearance rates of this growcth factor are decreased ,
perhaps by sequestration by locally-produced specific binding proteins.
Regression analysis of individual follicle volume against follicular
iIGF-1 concentrations and content suggest that there are effects of re-
feeding restrict-fed gilts on ovarian IGF-1. The intercepts of both
follicle IGF-1 concentracion and content with volume were found to be
significantly higrer in the re-fed animals compared to the restrict-fed
animals. Plots of individual follicular IGF-1 concentrations and contents
against fcllicular volume reveal that the effecus of re-feeding are
related to follicle volume rather than a change in the relationship
betweenn follicle volume and IGF-1. This conclusion is based on the

observation that re-feeding effecrively "pushes" the population of

B

follicles along the fitted line in the direction of increasing follicle

129



thie

volume.
Examination o¢f the distribution of the individual data upon
regression line for follicular IGF-1 concentrazion and volume (Figure
there were no observed chianges in mean tollicular
st follicles, althoush there were

)

4.9.) may reveal why
five large
a

reaches

11

IGF-1 concentrations
differences in ovarian IGF-1 gene expression. The fitted regression line
a follicle

that onc
do not change

illustrated in Figure 4.%., indicates
volume of approximately 15 upl, the concentrations of IGF-1
markedly thereafter. As the volumes of the five largest follicles from
all greater than 15 pl. it is wunlikelv that any
grificantly ditferent

[

each animal were
would result in s

differences in follicle volume
ale

smaller follicles

ICGF-1 concentrations
the granulosa cells of
containing a higher

The discovery thaxz
intra-follicular environment
Whv

to an
concentration of IGF-1 than larger follicles poses several questions
a greater exposure

the

exposed
What  are

of a larg
rowth, factor

>

would the granulosa cells of a smaller follicle require
than cthose larger fo

to this growth f-:tor
implications of this finding on the cupposed roles of this g
within the growing follicle? How do«s this relate to an ovarian response
can not answer all of thaae

based on

to metabolic state? This experiment alone
questions, however one may philosophiss possible answers

published literature.
As discussed earlier, IGF-1 has mitogenic, metabolic and
within follicles. Before a follicle can becomec
there must be sufficient

steroidogenic functions
steroidogenic and then proceed towards ovulation,
ways to be

that possess the necessary biochemical path

cells
130



" zmzllar £o0l1

N

Al

stercidogenic

4

£

P

cles

(

that o¢f a "priming factor that initially has a mitogenic role,
stimulating the granulosa cells te undexgo mitosis. Once the follicle has
grown to a volume of approximately 15 pi, the primary role of IGF-1 may
then switch from that of a mitogenic tawtor to that of a factor that
potentiates the role of the gonadctropins v'ithin the granulosa cells.

In terms of the metabolism of granulesa cells, and possible
regulation by I1IGF-1, high concentrations of this growth factor may again
be acting as a priming mechanism. High levels of IGF-1 may be important in
smaller follicles to maximize the potential to use substrates for cell
metabolism, particularly important in cells that should be undersoeoing
rapid proliferation as the follicle grows from a subordinate follicle into
a dominant follicle. In terws of follicular response to metabolic status,
as manipulated by feeding level, short term restrict-feeding as used in
the present study, results in a larger population of smaller follicles
with higher concentrations of IGF-1. This may suggest that the follicles
are in a state of stasis, with the high concentration of IGF-1 present to
maintain the follicles in a primed state - primed to respond to an
improved supply of substrates for granulosa cell metabolism once the
animal is realimented. If the animal was subjected to a long term period
of feed restriction, follicular levels of IGF-1 may be different btut
perhaps the ovaries do maintain the potential for follicular growth and
development, although actual development is ceased, by maintaining high
intra-fellicular concentrations of IGF-1.

This experiment did not provide for the possible effects of feeding

level on other growth factors within the ovary. IGF-I1II, EGF, TGF, FGF and
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PDCET have &alsc been shiw. to

pray a roele 1o fellicular developmen:t

.

(Hammond er al., 1988: Schcuberg ez al., 1983; Gospodarowicz & Bialecki,

1979). This study alsec did not investigate the roles af the IGF binding

proteins with respect to feeding level. Additional studicvs need to be

carried out to determine their exact roles within this model. However,

ct

this study did succeed in demonstrating that IGF-1 is a locallv produced

growth factor that may be sensitive to feeding level. and as such may be
one several factors that acts as a mediat»r between metabolic state and

ovarian function.

To summarize, several conclusions can be made from this studvy.

Changes in circulating IGF-1 and inscvlin and hepatic TGF-1  gene
expression, in the absence of changes of plasma growth hormone, support

the hypothesis that restrict-feeding uncouples the growth hormone-IGF-]

axis. Ovarian development was stimulated by the re-feeding of restrict-{ed

~

prepubertal gilts, as demonstrated by the increases in follicular diameter
and volume. Follicular IGF-1 concentrations decrease as follicie volume
increases until a volume of approximately 135 ul is achieved, after which
follicular fluid IGF-1 concentrations appear to be maintained,
irrespective of metabolic state. Data on follicular ICF-1 gene expression,
[N

as determined by the level of mR¥A for IGF-1. supports this hypothesis,

IGF-1 expression was higher in follicular <tissue arvested from a

restrict-fed gilt ovaries than from re-fed gilt ovaries. Higher intra-

foll

[

cular ICGF-1 concentration may be important in "priming" granulosa
cells for future steroidogenic activity. Finally ovarian IGF-1 pgene
expression 1is differentially regulated by feeding level compared to

expression in b =92 tissue, therefore suggesting that local IGF-1



production may indeed act as a metabolic regulator at the level of the

ovary.
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CHAPTER 5

General Discussion



&£ number of studies have demonstrated that ovarian development is
dependent on metabolic status. Futhermore, there is evidence to suggest
that the ovary 1is able to respond to changes in metabolic status
independently of the response of the hypothalamic-pituitary axis. Ovarian
development can be restored by re-feeding of restrict-fed gilts, in the
absence of changes in increasing LH (Cosgrove et al., 1991). Also insulin
treatment of gilts, fed a high energy diet, can increase ovulation rates
in the absence of changes in LH secretion (Cox et al., 1987).

The hypothesis for this thesis was that IGF-1 is a locally produced
hormone that may mediate ovarian responses to changes in metabolic state.
The basis for this hypothesis was that IGF-1 has been shown to be secreted
by granulosa cells in vitro (Adashi et al., 1985; Hammond et al., 1985),
and that circulating levels of IGF-1 are dependent on the metabolic status
of an animal (Clemmons et al., 1981; Buonomo & Baile, 1991). It is
postulated that local production of this growth factor in vivo may be
sensitive to feeding level and subsequent metabolic state. Indeed, Meurer
et al. (1991) demonstrated that the IGF-1 content of large follicles in
diabetic gilts was lower than in those of normoglycaemic gilts, even when
+ cated with PMSG. This study suggested that insulin levels may in turn
influence follicular levels of IGF-1, and that these lower follicular
fluid levels of IGF-1 may influence ovarian development.

A criticism of many studies in this area is that there is little
evidence to indicate whether follicular fluid concentrations of IGF-1 are
of ovarian or circulating origin. The objective of this thesis was to

develop and apply methodology that would allow investigation of the
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effects of czhanging metabolic _tate on ovarian levels of IGF-1 mRNA in

individual animals and, therefore, to determitc these eftects on ovarian

production of IGF-1 i:: vivo.
Before one can investigate effects of changing metabolic state on

ovarian gene expression, as determined bv IGF-1 mRNA abundance., it must be

established that the IGF-1 gene is expressed in porcine ovarian tissue.
Although IGF-1 was originally believed to be produced by the liver onlv,
many studies have now demonstrated that ICF-. is produced by tissues other

than liver in vitro. In addition, studies oy Murphv er al. (1987)

have

shown that the IGF-1 gene is expressed in a wi-e range of tissues in the

rat, as well as hepatic tissue. Other studies have provided similar

evidence in the pig (Tavakkol et al., 1988; Le¢ .man er a.. 1990

v

Simmen ot

al., 1990; Duffy, personnel communicaction). Pr=liminarv work by Cameron or

]

al. (1990) demonstrated that the IGF-1 gene 1s wxpressed in porcine

follicular tissue, however, this work was not cxtended te the study of
treatment effects on individual animals. Therefore, the objectives of the
first study, described in Chapter 2., were to confirm the that the IGF-1

gene 1s expressed 1in porcine ovarian tissue, and vo determine the

potential of current methodology to detect IGF-1 mRNA in samples of BNA on

an individual animal basis.

Using northern analysis, it was possible to detect 'GF-1 mkllA in
porcine ovarian total and poly AY enriched RNA. However, as in studies by
other workers (Tavakkol er al., 1988), the northern analysis procedure did
not convincingly detect the presence of IGF-1 mRNA in either porcine

hepatic total or poly A" enriched RNA. The sensitivity of the RNase

protection assay was considerably higher than that of the northern



rrocedere . IGF-1 mRIA was detected In as little 2s 10O pug of total RNA from

hott poraine varian and nepstic tissue. The PRNase protzction assay,

therefore, appeared te be the more suitabie procedure for analyzing the
vunresclion of the ICGF-1 gene in samples from individual animals.

The obiectives of the studies described in Chapters 2 and 4, were to

L

protection methodology allowed a comparison of the effects of feeding

level on ovarian an

(L

1epatic IGF-1 mRNA abundance in the pig.

Due to lack of replicates in a relatively complicated experimental
dezign, :‘he uszefulness ol the results Irom the experiment described in

Cnhnapter 2 is limized. Howewver., this study did establish the seven day

d model in our laboratecry, and also indicated Low the

"

Hh
o

estrict-

n

“y
rt

experimental design could be modified to answer questions more concisely

and successfullw.
The study described in Chapter 4 succeeded in demonstrating the

«tfects of changirz nutritionn regimen or. gilt metabolic sztatus and

reproductive status. In addition. this study provided evidence suggesting

that ICF-1 mayv be behaving as an indicazor of mevabolic status at the
lewel ot the ovarv. Restrict-feeding was found fco uncouple the growth

hormore - 1GF-1 axis in terms of circulating IGF-1 and hepatic ICF-1 mRNA

asma IGF-1 concentration and hepatic ICGF-1 mRNA were related
o plasma insulin levels rather than plasma H.

However. at the level ¢f the ovary, the relationships onetween
foliicaular 1IGPF-1 concentraticns, IGF-1 mRMNA abuncance with plasma nsulin

zcreased hasal insulin was associated with

)

and GH apveayr to be differenc.



higher levels of IGF-1 mA¥Na sbundance and no change  in mean IGF-1

In addivion,

concentrations were found to b

smaller follicles
gher concentrations ot 1ub- 1

Unfortunately, wariagbility In mRNA replicates did not allow

correlstions of IGF-1

expression with either plasma insulin or anv
other parameter. However, these results do

there is differentis
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RNA transcripts within the
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its mav reliect changes 1n mRYNA

turnover. The turnover rate of ICF-1 mRNA mav be reduced by restrict -

feeding. possibly reflecting reduced translation of the mRNA transoripts

[N

and subsequent production of =whe IGF-1 peptide. Howesver. the hipher

observed levels of IGF-1 within the smaller follicles sugpest that the

higher levels of follicular fluld JGF-1 asre due to increased I0F-1 rornnee
expression, rather than lower turn cover rates. unless of course  tli
metabolic cliearauce rate of the IGF-1 peptide itself (s reduced by

restrict-feeding. This study alone can not answer these questions. indedd

the Rlizase protection work should be repeatoed on thie same somples o
confirm that the effects of restricu-feeding/re-feeding are repestabice

using this methodology.

onetheless, this studv does pave the way for more Adotalled stoodiog

Seltara g e

te  investigat = why porcine small tollicles chould have highers
concentracions of ICGF-1 thaen larger For emample, detection of



point. The RNase protection msthocology could be further developed ©o

allow the detection of the zbundance of IGr-1 -PNA at the level of

individual follicles. Since the present RNiase prcctection pr. . edure has
determined the authenticity of the protected fragment, this method may be

adaptated into a simple in-soluztion hybridization assay. In this procedure
“ii¢ radiocactivitw of digested samples and suitable controls are counted

:nd

M

directly, rathe. trtan indirectly via electrophoretic sceparatlion
subsequen. exnpt ,ure to x-rav film. This modification of the RHase

protection assay should increase the sensitivity of the assay further. In

-

, the limitation of this methodology is mere 1ikely to be associsted

with the ability to isolate sufficient toral RNA from small tissue
samples, rather than the ability to detect the mBRNA for specific genes
within the RNA.

A criticism of the present RNase protection assay 1s that cthis
rrocedurs only gives an indication of total IGF-1 gene expression; che

gene is either being expressed or it is not. There 1s no irdization of

=

what szpecies of mRNA are present as the IGF-1 exon 3 nucleotide sequence

is onre that is conserved in all IGF-1 mRNA transcripts Identified to date.

res

lelazive abundancics of different IGE-1 mRXNA transcripts have been showm
to be repulatec by feeding level (Elmer & Schalch, 19287). Although there
is no evidence to date to suggest that there 1is any physiolegical
sigrnificance in the expression of different transcripts, in the future
subtle changes in =h:z processing of the IGF-1 mRNA transcri.ts may prove

o be impor.ant. Therefore. the results of the present studies suggest

that ovarian savples should eizher be pooled to provide enough total RXNA
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analysis, or the RMNase protection assav should be modified to allow

detectlion of diffesrent mRNA transcripts within samples fromw Individual
arimals.
Suitable modifications of the RNase protecti.n procedure  are

possible. In addition to the hIGF-1 e2xon 2 probe. therve are also hIGF-1

exon 4 and 5 probes avallable. Exons 4 and 5 are differentialiv spliced

into the two primary IGF-1 mRNA transcripts, 1GF-1b  and  I1GF-1a

respectively (Illustrated in Figure 1.2.). Therefore,

hvbridization of
sample total RNA with a ceombination of the exon 3. 4 and 5 viboprobes

would produce a range cf protectzd fragments that would give an indication

of qualitative changes in IGF-

pd

gene

il
Jin

xpression.

In conclusion, in these studies a procedure that was capable of

detecting IGF-1 mRNA In small samples of tissues with low levels of

expression of the IGF-1 gens was =stablished. In addition, this procedure
- P

<

ras applied to test the hypothesis that IGF-1 is a locally produced growth

rt

o

ate ovarian responses to changin;, metabolic s

a.

4

actor that may med tate. The

results indicate that in the pig IGF-1 mav be acting as an indicator of

metabolic status in

fy
hel
i
Al
W}
0
=
+
o]
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Or autocrine manner at the level of the

cevary, and that exmpression of the ICF-1 iz diffcrentially

(e iy

b

metabolic status in hepatic and ovarian tlssues.
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APPENDIX

)

RNWASE PROTECTION PROCEDURE

DAY 1 Preparation of Probe

1.

o

Mix iIn an auv .claved microcentrifuge tube:

1t 1 mg/ml DN~ Templace

3.5 ul RNase-free water

3 el RNTP mix (10 r’1 ATP, GTP & UTP)

2 pl 100mM Dithiothretiol (DT

0.5 ul RNasin (25-40 units,//ul’

4 ul 5 * polymerase enzvme buffer (D.Q M Tr1s-HCL, o0 T a0 ant

MgCl,, 10 mM spermidine (HCL),
5 ul 32p-CTP
ul Polymerase enzyme (15 units/ul)

Incubate 30 o 60 min at 1317°C.
Add 0.5 pl RNasin and 1 pl RQDNase (Promegal.

4. Add 28.5 pl of TE (10 m Tris-HCl, 1 mM EDTA) to produce a tinal wvolnm.
ef 50 pl.

5. Extract with phenol/chorocform/isocamvialcoho’.

o, 4 all 30 zl1 of probe miwture onte prepared spun sephadex column and
spin at 6C00 rpm to remove unincorporazed label. The colunn should
pretreated by running 2 volumes of 1 x PIPZES szstock solution.

7. Count 1 gl of eluate to determine i1ncorvoration and toe derermine volime
required to adc to 20 ul bvbridilzation scviution (preferably reguire
_ % 10% for each sample).

Hybrization

@ Precipitats sampls FMNas with 1710 wel M =odiam acorare (ol 4y and
2.5 vols of cold (-20°°Cy 93% eth.:r 1. NE This step may be done the
previcus day to optimise precipitation and to reduce preparaljion on
Day 1. Following precipitation retuge samples for 20 min an 4%C

3. Redissolve Iin 2320 pl hybridization buffer containing preobe FIAL

10. Incubate 5> min a7 £5°C to denature RNA.

11.

t
Rapidly transfer to 45°C water bath and incubate overnight (4 hr).



APPENDIX I

PIASE PROTECTICM PROCEDUR

o)}

DAY 1 Preparation of Probe
1. Mix in an autoclaved microcentrifuge tube:

ul 1 mg/ml DNA Template

.5 ul RNzse-free water

ul RNTP mix (10 mM ATP, GTP & UTP)

ul 100mM Dithiothretiol (DTT)

0.5 pl RNasin (25-40 units/pl)

5 * polymerase enzyme buffer (0.2 M Tris-HCI, pH 7.5, 30 o
MgCl,, 10 mM spermidine (HCL),

5 wl 2p-cTP

1 ul Polymerase enzyme (15 units/pl)

N (0 W=

,

o~
®
b

incubate 20 to 60 min at 27°C

o

Add 0.5 ul RNasin and 1 pl R(QDNase Promega).
4. Add 28.5 pl cf TE (10 mM Tris-HCl, 1 mM EDTA) tn produce a final voluw
of 50 ul.

Lo

5. Extract with phenol//choroform/isoamvialcohol.

6. lLoad all 50 ul of probe mixture onto prepared spun sephadex cclumn and
spin at 6000 rpm to remove unincorporated label. The ~<lumn should
pretreated by running 2 volumes of 1 x PIPES stock sorutior.

7. Count 1 ul of eluate to determine incorporation and te decermin: nii "3
required to add to 30 pl hvbridization solurion (preferably require
5 x 10®%° for each sample).

Hybrization

8. Precipitate sample RNAs with 1/10 vol 2M sodium acetate (pH5.4) and
2.5 vols of cold (-20%2) ©5% ethancl. NB This step may be done the
previous day to optimise precipitation and to reduce freparation on
Pay 1. Following precipitation microfuge samples for 30 min at 4°C.

0. Redissolve in 30 gl hybridization buffer containing probe RNA.

10. Incubate 5 min at 85°C to denature RNA.

11. Rapidly transfer to 45°C water bath and incubate overmnight o€ he).
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Ribonuclease Digestion

12 To eacn nyvbridization reaction add 200 gl rilbonite tedae digestion
buffer containing 4C pg/ml ribonuclease A and 2 sy wl vibonucicasce
Tl. Incubate 30 to 60 min at 30°C.

12. Add 10 ul of 203 SDS and 2.° of 20 meoml proteingase . Incubate 1o
min at 37°C.

4, Extracc once with 400 4l phenol/chorotorm /iscam lalcotial | ceoving the
aqueous phase to a clean microfuge tube containing i IURRHE
veast tRNA.

15. Add 1 ml cold 953% ethanol and precipitate for 30 min S0

Followitr _ precipitation, microfug: samples for 30 min at oo,

16. Air dry pellet thoroughly and redissolve in 3 to 5 ul BENA loadin.

buffer. Denacture samples by hesting at 100°C for > win.

o
~d

. Analyse on a denaturing polvacry :mide/urc. (sequencing) pol.

3

Preparation of Polyacrylamide/Urea Gel

1. Prepare stock gel solution:

For 1 litre: 57 g acrvlamide
3 ¢ bisacrvlamide
460 g urea

Dissolve above in about %00 ml water, heat may be required. Onceo
dissolved, add about 20 g Biorad mixed bed resin and stir for about
30 min to deionize. Filter through a 0.435 um nitrocellulose filter,
Add 52 ml 20 x TBE (1.8 M Tris-BI1., 1.7 M horic acid, 5.5 1 EDTA)

and make up to 1 litre.

2. De-gas ©ix by ewvacuating with a vacuum apparatus for o few minutes,
Abo - > ml will provide excess for a large 20 cm wide "sequencing”
gel. The gel mix should be kept on ice to slow down polymerization.

3. add 650 gl freshly made 10% ammonium persulphate and 100 pl TEMED. Pour
the gel, insert well former. leave to set for approx. | hour.

4. Prerun gel for 30 min or longer under running conditions.

5. aAdd 5 upl of loading bufler to ecach sample. VYortewr briefly to dissolve
RNA. Place in boiling water batn for 5 min prior to loading onto

gel.
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g.

Pun gel at 40 w s for a 20 cm wide gel or 25 - 20 watts for a 20 cm

(8]

-
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W]

2]
[N

i

a

ct
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r
gel. The ol =« will increase during electropheoresis and run from

950 V to 1200 V.

The length of run depends on the predicted size of the protected
fragments. As a rough guide, on 6% polyacrylamide gels, bromophenol
blue dye runs at about 40 bases while xylene cyanol runs at about
120 bases. For our purposes a suitable running time appears to be 42
mins or until the bromophenol blue marker is 2 cm from the base of
the gel.

Following electrophoresis, separate plates carefully. Fix gel on the
plate by soaking it in 10% methanol, 10% acetic acid for 15 min,
then drain drv for 15 min. The gel and plate can then be wrapped in
cling film and autoradiographed or the gel transferred to filrte
paper by firmly pressing a dry sheet of Whatman 3MM onto the gel
and peeling it away from the plate. After covering the gel with
Clingfilm, the gel can then be dried onto the paper on a heated
vacuum drier and autradicgraphed in a standard cassette. Dried zels

provide a much sharper and more sensitive signal.

Reagents and Sclutions

1.

Hybridization Buffer

5 x Stock Solution: To make 100ml
220 mM PIPES .05 g PIPES
2 M NaCl 11.69 g NaCl
5 mM EDTA 0.186 g EDTA

Working Solution:

4 parts formamide
1 part 5 % stock buffer

Ribonuclease Digestion Buffer

10 mM Tris-HCL Ribonuclease Mix:
300 mM Nacl z mg/ml ribonuclease A
5 mM EDTA 0.1 mg/ml ribenuclease T1

1/50 vol of 50 x ribonuclease mix (see below)
To make 100 ml

0.158 g Tris-HCL
1.75 g NaCl
0.186 g EDTA
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Make 5 aliquots of 12.6 ml and stove at -20°C. Aadd 400 gl of RENAse
mix prior to use.

-

3. RNA Loading Buffer (Make on dav of use)

80% Formamide

1 mM EDTA, pH 8.0
0.1% Bromophenol Blue
0.1% Xvlene Cvanol
Water

To Make 10 ml:

8 mi formamide

20 1l 0.5M EDTA

10 ug Bromophenol Blue
10 pug Xyl 1e Cyanol
1.6 ml Water

4., RNase Solution

Require 1/50 vol of 50 x RNase miu:
2 mg/ml PXNase A
0.1 mg/ml T1
A 20 ml x 40 pg/ml = BOO ug
@10 CNO pg/ml = 10 ug,/ul
Therefore require €0 ul of RNase A in 20 ml.
RNase Tl 20 ml = 2 pg/ml = 40 pupg
@ 1.1 ug/ul
Therefore require 37 pl Tl in 20 ml.

RN&se
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RNASE PROTECTION FROCZIDURE CONTROLS

Controls

Al

(3]

(SR

&)

-7

xR

9.

1C.
i1.
12.

TGF-1 mRNA (ie. svunhesised from Bam H1/T7 template)

1 ul IGF-1 Bam H1 (lug)

7.5 pl sterile water

4 pul RNTP mix (500 uM each of U,G,A,C)
2 upl 100 mM DTT

G.5 pl RNasin

4 ul 5 % Transcription Buffer
1 nl T7
20 pl

Incubate the above for 1.5 hours at 40cC.
Remove DNA template: i) Add 0.5 pl RNasin.
ii) Add 1 pl RQ1l DNase.

iii) Incubate for 15 min at 37°C.

Make up reaction volume to 100 pl with TF (ie. add 78.5 pl TE).

Extract proteins using phenol/chloroform/iso amyvlialcohol.

Remove phenol by extractiug with c¢hloroform/iso amylalcohol.

[ g [ R S T APy S
SSITIS Do TClUm CLYCLGToSYAPRY .

0

Cactlc

I

Lok by
Record yield (ul).
Add 1/10 recovered volume of 3M sodium acetate, mix.
Add 2.5 volum=s of 95% cold ethancl (-2000C).
Incubate overnight at -20°C.

Microfuge for 30 min at 4oC.

Aspirate ethanol and allow the pellet to air dry.

Resuspend pellet in 10 ul H,0.

Preparacion For RNase Frotection Assay

1.

Yield eg. 4.6 pg in 10 pl, ceoncentration = 460 ng/ul

1 xl1 RNA solution "460,300pg)
+ 9.199 ml sterile H,O
2.2 ml @ 50 pg/ul

Take 5 1 723u 3 Y &« ° RNasz Prot. . 7uii Ass- ', Lreeze remalnder as

L}

.y

aliquots o :
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2. Add 15 pl 95% cold ethanol, mix well.

2. Incubate at -200¢ i v 30 min,

4. Microfuge for 1. win at 47C.

5. Remove etharnl. . dry pellet.

6. Resuspend pel! J pl hybridizavien bufter and proceed as vout ine
for remald assay.

B. Control Ter_,l.... Marker

i. Carry ovt wisn.cription reaction as routine, but use L gl “P-CTP (i

50 pCi,

:ther than 5 gl. Alse add 0.5 ul of cold CIP ro

final concentration of approximately 250 puM.

Piace 500

Microfuge

[S) TRV A N SR CSE AV

Resuspend

[0 SR

dpm in an eppendorf and add 1 ul of 10 nmg/ml

Add 2.5 volumes of 95% cold ethanol.

Incubate at -20°C for 30 min.

for 15 min at 4oC.

Aspirate ethanol and allow pellet to air dry.

pellet in 5 ul of RMNA loading buffer.

Heat for 3 min at 850C and then load onto the gel.

Transcription Reaction:

Ll
Ll
al
.5 pl
ul
anl
LD pl
£l
pl

RO RN O W N R

Suggestions:
1. Load 7500

2. Load 7500

Template DNA (le Concrol Marker)
RNase-free water

RNTP mix

cold CTP

100rm2l DTIT

SP5 5 x Transcription buffer
RNasin

32p.CcTP

SP6 polymerase enzyme

dpm of unhvbridised, undigested probe.

tRNA .

dpm of marker synthesised from control template.

achieve

5!



