SOMATOMEDINS

Essay
Submitted in partial fulfilment of
Master Degree of Clinical and Chemical Pathology
f//é/jj@ By
)’/ " Hanan Mohamed Mamdouh
(M.B., B.Ch.)

{7—,_5‘?

Supervisors

Dr. GIHAN KAMAL HASSAN ALY /ﬁv r
Assistant Professor of Clinical Pathology
Faculty of Maedicine p
Ain Shams University Lo

AV
v
Dr. OLA HAMDY DEMERDASH Z‘%I/

Lecturer of Clinical Pathology
Faculty of Medicine ?

Ain Shams University

Faculty of Medicine
Ain Shams University
1994







m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



ACKNOWLEDGEMENT

I would 1like ¢Eto express my deep gratitude and
appreciation to Prof. Dr. GIEAN KAMAL HASSAN ALY, Assistant
Professor of Clinical Pathology, Faculty of Medicine, Ain
Shams University, for giving me the favour of working under
her supervision, continuous encouragement and valuable

guidance throughout the whole work.

I am also greatly thankful to Dr. OLA HAMDY DEMERDASH,
Lecturer of ¢Clinical Pathology, Faculty of Medicine, Ain
Shams University, for her kind help and supervision,
continuous encouragement and valuable guidance throughout

the whole work.



LIST OF CONTENTS

Page
I- INTRODUCTION AND AIM OF WORK ....c.iiiccecenrcasnannnanil]
II- REVIEW OF LITERATURE svevecuccconsssanssrasnsssnennens 3)
A) Historical Background .........ceavsvcesnnsnranas {3}
BJ Genetic.Orqanizaticn and Development-Specific
Expression:-

1-The IGF-I Gene ....... . G h e s s {5}
2-The IGF-II Gene ..... reseaen et s et (3)
C) Structure of Insulin Like Growth Factors ....... {12)

D) Sites of Synthesis and Production of Insulin Like

E)

Crowth Factors ... iirnranannns- e {13}

Insulin-Like Growth Factors Binding Proteins
{IGFBPs):-

1- Types 0 IGFBPS ... ieeintincrnonnnnansan {16}

a)Large GH-dependent IGF-binding complex (17)

b)Small IGF-binding proteins ............ (18]
2- Sites of Production of IGFEPS ........ venes[18)
3~ Regulation of IGFBPS .......0eeuas cieaaeaas {223
4- Role of IGFBPS ....... e e mn s (24)

5- Changes of IGFBPs During Normal Pregnancy .{29)

F} Actions of Somatomedins:-

1- Mode of action of Somatomedins (Endocrine
Versus AutocrinefParacrine Action) ........(32}

List of Contents ---———---



2= Somatomedin Receptors:

a- Sites of receptors .......ccecuienann. (34}

b- Types of Yeceplors .... .. euveuinaaros . {38)

{i} Type I receptor ........coa. e (38)

fii) Type II receptor ....occasveucns {397

3- Tissue Effects of Somatomedins ..... feamea s (41}
a~ Cartilage stimulating activity ..... .- (42)

b~ Epidermal growth factor activity ..... {44)

c- Insulin like activifty .....vevnnaans L {47)

d- Mitogenic activity .... ... inaerans [49]

4- Organ Related Effects of Somatomedins v.a [49)
a=- On the kidney .......cciveenenn N £ 1= B

b-On the liver ..........cc0ceinenrs veaene (51}

c- On the ovary ......... e e mea e {54}

d- On the muscles ...t innacnnasa L {53

%5- Hormonal Effects:-

a~ Effect of IGFs on thyroid function ... ({62}

b- Feed back effect of somatomedins on

secretion of growth hormeone .......... [65)

(G} Regulation of Somatomedin Preoduction:-
{1l) Hormonal Regulation ........ivcvuvnaunss ... (68}
a=- Regulation by growth hormone .........([68)

b- Regulation by insulin .......¢..0u0...(70])

c- Requlation by thyroid hormone ........(71}

List of Contents —---—-






The regulation of growth by growth hormone was first
studied in the 19%30's when pituitary extracts containing
growth  hormone became available fSilberberg, 1835).
Recognizing that growth involves proliferation of cartilage
at the epiphyseal plate, Kibrick et al. (1941) found that
narrow epiphyseal plates in hypophysectomized rats became
wider after growth hormone was given in vivoe. Other workers
observed that cartilage metabolism could be measured by the
incorporation of radicactive suifate into cartilage
chondreitin sulfate. Cartilage from hypophysectomized rats
had low sulfate uptake, which was increased by growth

hormone in vivo {(Murphy et al., 1956}.

Salmon and Dauphaday ([1%57] examined the mechanism by
which growth hormone stimulated growth. Hypophysectomized
rat costal cartilage exposed toc growth hormene in vitro had
no change in sulfate wuptake. Addition of =erum from
hypophysectomized rats also had little effect. However,
serum from rats treated with growth hormone stimulated
sulfate uptake. So, it was hypothesized that growth hormone
stimalated skeletal growth indirectly through generation of
a circulating "Sulfation factor" which acted directly to

cause cartilage proliferation.
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Later studies carried out by Phillips et al. {1974} and
Garland et al. (1%76) showed that plasma extracts with
sulfation actiwvity had wide stimulatory actions on
cartilage, insulin-like actions on muscle and adipose
tigsue, and growth-preomoting activity in Hela cells. In view
of such evidence that circulating factors had a potential
role in the growth and anabolism of different tissues. The
operational term was then replaced by "somatomedins" in 1972

{Daughaday et al., 1972).

The aim of the present work is to give a detailed
account on the somatomedin family; their  historical
background, genetic organization and development, structure,
sites of synthesis, their binding proteins, function with
special reference to regulation; their tentative clinical

use and methods of assay.
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A. Historical Background:

Somatomedins or insulin-like growth factors ({IGFs) are
small polypeptides with growth promoting properties. These
growth factors were discovered as three different biological
activities of plasma, namely non-suppressible insulin-like
activity (NSILa), sulphation factor activity (SFA) and
miltiplication stimulating activity (MSA). Thus, three lines
of research led to the isolation and characterization of

somatomedins/Insulin like growth factors (SM/IGF).

The first line arcse when it became apparent that human
plasma contains far more insulin-like activity than could ke
attributed to insulin content. This so-called non-
suppressible insulin-like activity or atypical insulin was
purified by a research group in Zurick (Froesch et al.,
1963) . Two polypeptides termed insulin-like growth factors I
and II (IGF-I and IGF-II} were isclated from human plasma in

1976 {Rinderknecht and Humbel, 1978).

The second line originated from the observation that
arowth hormone (GH) stimalated sulphate uptake into
cartilage of hypophysectomized rats in wivo, but not in
vitro. Salmon and Daughaday (1957) found that in vivo growth
hormone induced a sulphation facteor activity in animal

plasma, They proposed that the growth-promoting effect of GH
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was mediated through a secondary substance. Several attempts
were made for purification of the latter substance from
human plasma. By using different bicassays, two groups
purified the polypeptides termed somatomedin A (SMA) and
somatomedin C ({SMC) {(Hall, 1972 and Van Wyk et al., 1975).
As the idea that SFA and NSILA could be differnt expressions
of the same entity, Hall and Uthne (1971) determined and
found NSILA activity in the fractions containing sulphation

factor activity (SFA).

The third line (MSA}) is based on the growth promoting
activity of serum. In this respect, MSA was found in larger
amounts in medium conditioned by the rat liver cells BRL-3a,
which was then used for isclation of MSA (Hissley and

Rechler, 1978}.

When 1t became apparent that the three different
biclogical activities in plasma could be different
expressions of the same chemical structure, the term
somatomedin was introduced (Daughaday et al., 1972). This
term, however, denoted that these substances should mediate
the growth promoting actions of GH., ©Of the twe close
homologues IGF-I and IGF-II, however, only IGF-I was GH
regulated. Therefore, the term somatomedins has been omitted

by some investigators in preference of IGF.
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B. Genetic Organization and Development=Specific Expression:
Complementary DNAs enceoding human IGF-T and IGF-II have
heen isoclated and characterized ([Jansen et al., 1983; Bell
et al., 1984; Jansen et al., 1985; Lehouc et al., 1986 and
Rotwein, 1986). This revealed that the coding regions are
flanked by regions encoding amino terminal (signal) peptides
as well as carboxyl-terminal peptides, indicating that both
insulin-like growth factors (IGFs} are synthesized as
precursor molecules. Using the cDNAs as specific probes, the
chromosomal assignment of IGF genes has been determined. The
IGF-1I gene maps to the long arm of chromosome 12 and the
gene for IGF-II is located on the short arm of chromosoms
11, only 1.4 Kb (kilobase pairs) downstream from the insulin
gene [(Bell et al., 198%5; Holthuize et al., 1985; Hoppener et

al., 1985 and Holthuize et al., 1987).

l- The IGF-I Gene:

The IGF-I gene has a discontinuous structure containing
at least five ewxons spanning a region of more than 85 kb of
genomic DNA (Rotwein et al., 1986). The exact length of the
gene is unknown, since there is a gap betwesn exons 2 and 3
of more than 59 kb. Furthermere, the 5 end of the gene is
not completely characterized yet, and the promoter is still

unidentified (Heolthuizen et al., 19287).
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Two different cDiWAs for IGF-I have been described., The
IGF-I a cDNA, isolated by Jansen (1983) from an adult human
liver cDHMA library, is encoded by exons 1,2,3, and 5.
Rotwein (1986) described a second cDHNA for IGF-I also
isolated from an adult 1liver 1library. This cDNA was
designated IGF-Ib. It contains the sequences for the exons

1,2 and 2 as in IGF-Ia, but is followed by an alternative 3

exon, exon 4 (Fig.1).

It can be concluded that the IGF-I gene encodes both
prepro IGF-I a and prepro IGF-Ib, which differ only in the
amino acid sequence of the carboxyl-terminal E domain.
Preproc 1IGF-la contains an E-peptide of 3% aminc aclds

whereas preprg IGF-1b has an E-peptide of 77 amina acids

{Lebouc et al., 1986}).

Expression of IGF-I RNA was studlied by HNorthern
blotting, using IGF-I cDNA as a probe. Adult human liver RHA
hybridization shows several IGF-I specific bands. Two major
RHAs of 7.6 and 1.1 kb as well as a broad =zone of
hybridization between 2.5 and 5.0 kb are present. In fetal
liver a 7.6 kb mRNA is hardly detectable, supporting the
notion that IGF-I is mainly involved in postnatal growth. It
is not wyet ¢lear which of these nmRNA transcripts are

specific for IGF-I a or IGF-1b. On the other hand, adult rat
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Figure (1): Schematic representation of the IGF-I gene,
located on the leng arm of chromosome 12 and of the two
different cbNAs. IGF-Ia and IGF-Ib.

The excns are numbered 1-5.

{Quoted from Helthuizen et al., 1389).
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