EFFECTS OF IGF-I OR LR IGF-I
INFUSION ON COMPONENTS OF
THE GH/IGF-I AXIS IN PIGS

by

Vera Dunaiski B.Sc.(Hons)

A thesis submitted on the 14" day of February 1997 to the University of
Adelaide, South Australia, for the degree of Doctor of Philosophy (Medicine)

(Department of Obstetrics and Gynaecology)



TABLE OF CONTENTS

ABSTRACT i
STATEMENT OF ORIGINALITY v
ACKNOWLEDGEMENTS vi
PUBLICATIONS vii
ABBREVIATIONS viii
CHAPTER 1 1
LITERATURE REVIEW
1.1 Introduction 2
1.2 Historical Aspects 2
1.3 IGF-I Peptide and Gene Structure and Expression 3
1.3.1 Peptide structure 4
1.3.2 Gene structure 6
1.3.3 Gene expression 7
1.4 IGF-I Regulation and Action 8
{.4.1 IGF-I action during embryonic and foetal development 9
1.4.2 IGF-I action on growth 10
1.4.3 Regulation of IGF-I expression by growth hormone 10
1.4.4 Nutritional regulation of IGF-I 12
1.4.5 Regulation of IGF-I by other hormones and growth factors 13
1.5 The Role of IGF-I in Tissue Growth and Differentiation 14
1.5.1 Metabolic actions of IGF-I 14

1.5.2 Mitogenic actions of IGF-I 15



1.5.3 Differentiative actions of IGF-I

1.5.4 Anti-apoptopic actions of IGF-1
1.6 IGT-1I Gene Structure and Expression
1.7 IGF-II Action

1.8 The IGK Receptors
1.8.1 The type-1 IGF receptor
1.8.2 The type-2 IGF receptor

1.9 The IGF Binding Proteins

1.9.1 IGFBP-1
1.9.1.1 IGFBP-1 structure
1.9.1.2 IGFBP-1 expression
1.9.1.3 IGFBP-1 action
1.9.1.4 Modification of IGFBP-1

1.9.2 IGFBP-2
1.9.2.1 IGFBP-2 structure
1.9.2.2 IGFBP-2 expression
1.9.2.3 IGFBP-2 action

1.9.3 IGFBP-3
1.9.3.1 IGFBP-3 structure
1.9.3.2 IGFBP-3 expression
1.9.3.3 Modification of IGFBP-3

1.9.4 IGFBP-4

1.9.5 IGFBP-5

1.9.6 IGFBP-6

1.10 The Acid Labile Subunit

1.11 IGF-I Analogues

1.12 The Growth Hormone-Insulin-like Growth Factor Axis
1.12.1 Growth hormone and its effect on the GH/IGF-I axis
1.12.2 Effects of GRF on the GH/IGF-I axis
1.12.3 Effects of IGF-I on the GH/IGF-I axis

15
16

16

18

18
19
21

22
23
23
23
24
25
25
25
26
26
27
27
28
30
30
31
32

32

33

35
35
36
36



1.13 Effects of GH Administration in vivo 37

1.13.1 Metabolic effects of GH treatment 37
1.13.2 Effects of GH treatment on glucose metabolism 37
1.13.3 Effects of GH treatment on organ growth 38
1.13.4 Effects of GH treatment on IGF-I and IGFBP-3 expression 39
1.14 Effects of IGF Administration in vivo 40
[.14.1 Effects of IGF-I treatment on organ growth and body weight 40
1.14.2 Effects of IGF-I treatment on glucose metabolism 41
1.14.3 Effects of IGP-I treatment on plasma hormones 42
1.15 Combination Treatment of IGFs with GH 43
CHAPTER 2 45

AIMS OF THE CURRENT STUDY

CHAPTER 3 48

CONTINUOUS 4 DAY INFUSION OF LONG [R’] INSULIN-LIKE GROWTH
FACTOR-I (LRIGF-I) REDUCES GROWTH, PLASMA GROWTH HORMONE,
IGFBP-3 AND ENDOGENOUS IGF-I CONCENTRATIONS IN PIGS.

3.1 Introduction 49
3.2 Materials and Methods 50
3.2.1 Peptides and radionucleotides 50
3.2.2 Animals and animal maintenance 50
3.2.3 Experimental design 50
3.2.4 Filling and insertion of pumps 51
3.2.5 Determination of average daily gain and feed intake 51
3.2.6 lodination of proteins 52
3.2.7 Determination of plasma IGF-I concentration 52

3.2.7.1 Separation of IGF peptides from IGFBPs in plasma by acid gel-filtration

chromatography 52

3.2.7.2 IGF-I radioimmunoassay (RIA) 53
3.2.8 IGFBP-3 radioimmunoassay 33



3.2.9 Insulin radiotmmunoassay
3.2.10 Growth hormone radioimmunoassay
3.2.11 Determination of plasma glucose concentration

3.2.12 Statistical Analysis

3.3 Results
3.3.1 Growth performance
3.3.2 Hormone concentrations
3.3.3 Plasma glucose

3.3.4 Summary of results

3.4 Discussion

CHAPTER 4

54
55
55
55

57
57
57
66
67

68

71

GCENERATION OF RIBOPROBES AND OPTIMISATION OF RNASE

PROTECTION ASSAY
4.1 Introduction

4.2 Materials and Methods
4.2.1 DNA plasmids
4.2.2 Bacterial Strains
4.2.3 Enzymes
4.2.4 Radionucleotides
4.2.5 Chemicals
4.2.6 Small scale isolation of plasmid DNA
4.2.7 Large scale preparation of plasmid DNA from bacteria
4.2.8 DNA transformation into bacterial cells
4.2.9 Storage of bacteria
4.2.10 Agarose gel electrophoresis
4.2.11 Digestion of plasmid DNA with restriction enzymes
4.2.12 Isolation of DNA fragments from agarose gels
4.2.13 Ligations
4.2.14 DNA sequencing
4.2.15 Polyacrylamide gel electrophoresis

4.2.16 Analysis of gels

72

72
72
76
76
76
76
76
71
78
78
79
79
79
80
80
81
81



4.2.17 Subcloning of porcine IGFBP-3 DNA fragments into plasmid vectors

4.2.18 RNA isolation

4.2.19 Generation of radioactive DNA molecular weight markers

4.2.20 Generation of high specific activity IGE-I class 1 or IGE-I class 2 riboprobes
4.2.21 Generation of high specific activity IGFBP-3 riboprobes

4.2.22 Generation of low specific activity 18S riboprobes

4.2.23 RNase protection assay

4.3 Results
4.3.1 The porcine IGF-I riboprobes
4.3.2 Construction of the porcine IGFBP-3 riboprobe

4.3.3 Optimization of quantity of RNA to be used in RNase protection assays

4.4 Discussion

CHAPTER 5

82
82
83
85
86
86
87

88
88
88
97

100

103

GROWTH HORMONE TREATMENT INCREASES LIVER IGF-I mRNA
EXPRESSION AND LIVER AND KIDNEY IGFBP-3 mRNA EXPRESSION IN PIGS.

5.1 Introduction

5.2 Materials and Methods
5.2.1 Animals and animal maintenance
5.2.2 Experimental design
5.2.3 Determination of average daily gain and feed intake
5.2.4 RNA isolation and RNase protection assay

5.2.5 Calculations and statistical analysis

5.3 Results
5.3.1 Effects of pGH on growth rate and pituitary weight.
5.3.2 Effects of pGH on IGF-I class I and class 2 mRNA expression.
5.3.3 Effect of pGH treatment on IGFBP-3 mRNA expression.

5.3.4 Summary of results

5.4 Discussion

104

106
106
106
106
107
107

108
108
109
116
121

122



CHAPTER 6 126

IGF-I AND LRIGF-I TREATMENT DECREASES LIVER IGF-I BUT NOT IGKFBP-3
mRNA EXPRESSION IN PIGS.

6.1 Introduction 127
6.2 Materials and Methods 129
6.2.1 Peptides and plasmids 129
6.2.2 Enzymes 129
6.2.3 Radionucleotides 129
6.2.4 Chemicals 129
6.2.5 Animals and animal maintenance 129
6.2.6 Experimental design 130
6.2.7 Determination of plasma [GF-I concentration 130
6.2.8 Western ligand blot analysis of porcine plasma 131
6.2.9 Analysis of IGF-I class |, IGF-I class 2 and IGFBP-3 gene expression 132
6.2.10 Statistical analysis 132
6.3 Results 133
6.3.1 Plasma IGF-I concentrations 133
6.3.2 Plasma IGF binding protein profiles 134
6.3.3 Effects of IGF-I and LR*IGF-I on IGF-I class] and class 2 mRNA expression. 134
6.3.4 Effects of IGF-I and LR'IGF-I on IGFBP-3 mRNA expression. 139
6.3.5 Summary of results 141
6.4 Discussion 142
CHAPTER 7 145

COMBINATION TREATMENT OF IGF-I WITH pGH DOES NOT HAVE A
SYNERGISTIC EFFECT IN PIGS

7.1 Introduction 146
7.2 Materials and Methods 148
7.2.1 Peptides and plasmids 148

7.2.2 Enzymes 148



7.2.3 Radionucleotides 148

7.2.4 Chemicals 148
7.2.5 Animals and animal maintenance 149
7.2.6 Experimental design 149
7.2.7 Determination of average daily gain 149
7.2.8 Determination of plasma IGF-I concentration 150
7.2.9 Determination of plasma GH concentration 150
7.2.10 Determination of pituitary GH content 150
7.2.11 Determination of plasma IGFBP-3 concentration 150
7.2.12 Analysis of IGF-I class 1, IGF-1 class 2 and IGFBP-3 gene expression 151
7.2.13 Statistical analysis 151
7.3 Results 152

7.3.1 Growth performance of pigs treated with LR’IGF-T alone and
in combination with pGH 152

7.3.2 Growth performance of pigs treated with IGF-I alone and

in combination with pGH 152
7.3.3 Plasma IGF-I concentrations 152
7.3.4 Plasma IGFBP-3 concentrations 154
7.3.5 Plasma GH concentrations 155

7.3.6 Effects of IGF-I treatment alone and in combination with pGH on
pituitary weight and total pituitary GH content. 156

7.3.7 Effect of IGF-I treatment alone and in combination with pGH

on IGF-I class 1 and class 2 mRNA expression. 157
7.3.8 Effect of IGF-I treatment alone and in combination with pGH
on IGFBP-3 mRNA expression. 157
7.3.9 Summary of results 163
7.4 Discussion 164
CHAPTER 8 167
GENERAL DISCUSSION

8.1 Introduction 168



8.2 The effects of IGF-1 or LR*IGF-I infusion on growth performance and
components of the GH/IGF-I axis.

8.3 Regulation of IGF-1 and IGFBP-3 mRNA by GH in different porcine tissues

8.4 Effects of IGF-I or LR’IGF-I treatment on the expression of IGF-I and
IGFBP-3 mRNA in different tissues.

8.5 Synergistic effects of combination pGH treatment with IGF-I or LRIGF-1?

8.6 Future

CHAPTER 9

REFERENCES

169

170

172

173

174

176



ABSTRACT

Insulin-like  growth factor-I (IGF-I) promotes protein and DNA synthesis, inhibits
protein breakdown and enhances growth in normal rats. A variant of IGF-I, Long R’IGF-I
(LRIGF-I), that binds poorly to IGF binding proteins is 10-fold more potent than IGF-I in
vitro. LR'IGF-I is even more anabolic in rats than IGF-I. In pigs, LR*IGF-I inhibits growth,
while IGF-I has no effect on growth performance.

The aim of this project was to determine why LR’IGF-I has such divergent effects in
two different species. One hypothesis is that LRIGF-I may have different effects on the
GH/IGF-I axis depending on the species. [ therefore investigated the endocrine regulation of
IGF-I and IGF binding protein-3 (IGFBP-3) in the pig and determined the effects of IGF-I and
LR’IGF-I treatment on porcine IGF-I and IGFBP-3 expression at the gene and protein level.

In the first study, the effects of continuous 4 day infusion of IGF-I or LR’ IGF-I alone
and in combination with porcine growth hormone (pGH) on growth performance and plasma
hormone levels was investigated. This study examined whether the poor growth response that
had been previously observed was due to hypoglycaemia induced by the IGF peptides and
whether exogenous administration of IGF-I or LR*IGF-I affected components of the GH/IGF-I
axis. This was determined by measuring plasma IGF-I, IGFBP-3 and GH levels. LR} IGE-1
significantly decreased average daily gain when compared to animals receiving IGF-I, and
decreased feed intake. Although co-administration with pGH did return growth performance of
LR'IGF-I treated pigs to normal, there were no synergistic actions on growth performance
between the two peptides. Neither IGF-I or LR’IGF-I when administered as a chronic infusion
affected plasma glucose levels, indicating that the poor growth response observed in these
animals was not due to hypoglycaemia. Plasma insulin levels were reduced by IGF-I and
LR'IGF-I, consistent with similar studies in man and sheep where IGF-I treatment suppressed
plasma insulin levels. IGF-I and LR'IGF-I treatment suppressed average plasma GH levels,
suggesting that the peptides were acting on the GH/IGF-I axis to inhibit GH production or
secretion from the pituitary. LRIGF-I also blunted the magnitude of the pulsatile expression of
GH by decreasing the area under the GH peaks. Similar effects of IGF-I on GH secretion have
also been reported in man and sheep. In the present study, the decrease in plasma GH was
associated with a decrease in plasma IGF-I and IGFBP-3 in LR’IGF-I treated animals. Co-
administration with pGH was not able to return plasma levels of IGF-I and IGFBP-3 to normal.
In the rat, LR’IGF-T treatment has no effect on plasma IGF-I levels, and plasma IGFBP-3 levels

are increased in these animals. These results suggest that in the pig, LR’IGF-I inhibits
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components of the GH/IGF-I axis and this is responsible for the poor growth response seen in
pigs.

Following on from these findings, I postulated that the decrease in plasma IGF-I and
IGFBP-3 were due to a suppression in gene transcription. In order to determine this, it was first
necessary to establish in which porcine tissues IGF-I and IGFBP-3 gene expression was
regulated by GH. Female pigs of the same age as used in the previous study were treated with
70 pg/kg/day porcine GH for 5 days, sacrificed and samples of liver, kidney, muscle, stomach
and small intestine were snap frozen in liquid nitrogen and stored at -80°C. Total RNA was
extracted and expression of IGFBP-3 mRNA was measured by RNase protection assay using a
previously constructed porcine IGFBP-3 probe. For IGF-I analysis, expression of IGF-1 class I
and class 2 transcripts was quantitated in a similar manner using porcine specific probes. In the
liver, pGH treatment significantly increased IGF-I class I, class 2 and IGFBP-3 gene
expression. In the kidney, there were no changes in IGF-I class I gene expression and IGF-I
class 2 mRNA could not be detected. Kidney IGFBP-3 gene expression was significantly
increased. None of the other tissues examined showed changes in IGF-I or IGFBP-3 gene
expression in response to pGH treatment. This is the first study to investigate GH regulated
gene expression of IGFBP-3 in different porcine tissues. GH dependent expression of the two
different IGF-I transcripts in pigs was only reported in August 1996 and was confined to mRNA
analysis in liver, adipose tissue and longissimus dorsi and semitendinosus muscle. IGF-I class 1
expression has been shown to increase with GH treatment in liver, adipose tissue,
semitendinosus but not longissimus dorsi muscle. From the present study it was concluded that
in the liver, IGF-I class 1, class 2 and IGFBP-3 gene expression are increased with pGH
treatment, and IGFBP-3 mRNA is increased in the kidneys of pGH treated animals.

In the next part of the project, pigs were intravenously infused with IGF-I or LR’ IGFE-I
for 5 days to determine their effect on endogenous IGF-I and IGFBP-3 gene expression in liver
and kidney. In agreement with the earlier study, LR'IGF-I treatment decreased plasma IGF-I
and IGFBP-3 concentrations. Both IGF-I and LR’ IGF-I treatment decreased liver IGF-I class 2
but not IGF-1 class I gene expression. Liver IGFBP-3 and kidney IGF-I and IGFBP-3 gene
expression were not affected by either IGF-T or LR’IGF-I treatment. It is most likely that IGF-I
class 2 mRNA expression is more sensitive to changes in plasma GH status than IGF-1 class 1
mRNA, since only expression of class 2 transcripts was affected by IGF-I or LR’IGF-I
treatment. Expression of liver IGF-I class 2 mRNA has been shown to be closely correlated to
plasma IGF-T levels. The reduction in liver IGF-I class 2 mRNA is therefore likely to be a major
contributor to the reduction in plasma IGF-I levels. Although plasma IGFBP-3 levels were

significantly reduced in LR’ IGF-I treated animals, liver and kidney IGFBP-3 mRNA expression
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was not affected. The decrease in plasma IGFBP-3 may therefore be a result of post
translational modifications such as mRNA instability or IGFBP-3 protease activity. The
observed increases in kidney IGFBP-3 expression during pGH treatment could be a result of
increased IGF-Lin the circulation binding to kidney IGF type 1 receptors and increasing IGFBP-
3 expression,

The final study was designed to investigate if combination treatment of IGF-I or
LR'IGF-I with pGH for 14 days was able to restore liver IGF-I gene expression. Pigs receiving
LRIGF-1 treatment alone or in combination with pGH lost their appetite and refused to eat.
Two pigs (one from the LR'IGF-1 group, the other from the LR’ TGF-I + pGH group) had to be
euthanised after 7 and 9 days of treatment. Another LRIGF-I treated pig was found dead in its
pen on day 10 of treatment. This made data analysis for this group not possible. IGF-I treatment
alone and in combination with pGH had similar effects on plasma IGF-I and IGFBP-3 levels as
described in previous studies. In this study, pGH treatment alone significantly increased liver
IGF-1 class 2 but not class 1 mRNA. The dose administered in this trial was less than half that
administered in the previous experiment, and confirms that IGF-I class 2 mRNA expression is
more sensitive to GH status than IGF-I class I mRNA expression. IGF-I treatment for 14 days
significantly decreased liver IGF-I class 2 mRNA, which were restored to normal when pGH
was administered in combination with IGF-I. There were no effects on liver and kidney IGF-I
class 1 or IGFBP-3 mRNA levels for any of the treatments. Co-administration of pGH with
[GF-I can therefore compensate for some of the effects IGF-I treatment has on components of
the GH/IGF-T axis. It is unlikely that pGH has the same effects on IGF-I mRNA expression in
pigs treated with LR’ IGF-I, since plasma IGF-I and IGFBP-3 levels are reduced even when the
two hormones are given in combination.,

This project has shown that LR’IGF-I treatment in pigs reduces average daily gain and
feed intake. This is not due to the hypoglycaemic effects often associated with IGF treatment,
but rather a result of reduced plasma GH levels. This reduction in plasma GH is achieved by
either direct inhibition of GH mRNA expression or secretion from the pituitary and/or via a
long-loop feedback inhibition at the hypothalamus by regulating somatostatin and/or growth
hormone releasing hormone. The reduction in plasma GH affects components of the GH/IGF-1
axis, which leads to reduction in IGF-I gene and protein expression as well as reduced plasma
IGFBP-3 levels.

The different responses to LR’IGF-I treatment between rats and pigs may be due to
different levels of GH sensitivity between the species. Growth performance in the rat can be
increased by GH at doses of | mg/kg/day, without altering plasma IGF-I levels, while in pigs

doses as low as 30 pg/kg/day are sufficient to improve growth performance and elevate plasma
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IGF-T levels. Since most of the growth promoting actions of GH are mediated by IGF-1, then
this suggests that in the rat, IGF-I expression is not very sensitive to GH status. If IGF peptides
do reduce plasma levels of GH in the rat as they do in the pig, the growth promoting actions of
IGF-T are not impaired in rats, since IGF-I levels are not reduced with IGF-I treatment in this

species.
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