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Summary

Particulate membranes prepared from a variety of monkey and rat tissues were
shown to have specific binding sites for somatomedin A. Binding to talc on the
other hand showed no specificity, and the sensitivity was less. The membrane-
bound somatomedin A was displaced by somatomedin A in physiological concen-
trations (0.01-5 U/ml). Of other hormones only insulin in high concentrations
could interfere with the binding of labelled somatomedin A to tissue membranes.
Several of the membranes also contained binding sites for insulin, and somato-
medin A, within the physiological range, could interfere with the binding of la-
belled Insulin. No binding was observed for somatomedin B In the tissues studied.

Key-Wonto: Somatomedtn - Insulin - Binding sites

Introduction

In recent years several growth hormone dependent peptldes, which exert an
anabolic effect on their target tissue, have been purified from human plasma.
Different bloassaye have been utilized for their identification. The factors stim-
ulating sulphate uptake into chick and rat cartilage have been designated somato-
medin A and C, respectively (Hall 1972, Uthne 1973, Van Wyk, Underwood,
Hlntz. Clemmons. Voina and Weavar 1974). whereas the factor stimulating DNA
synthesis in gliat cells has been called somatomedin B (Uthne 1973). NSILA-S is
characterized by its action on adipose tissue from rats (Froesch, Muiler, BUr-
gt. Waldvogel and Labhart 1966, Humbel, BUnzli. MUlly, Oelz, Froesch and
Rltschard 1971). However, both somatomedin A and C also exert an Insulin-like
action on adipose tissue, and NSILA-S has been shown to stimulate sulphate up-
take into cartilage (Hall and Uthne 1971, Underwood, Hintz, Voina and Van Wyk
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1972, Zingg and Froeach 1973. Werner, Hall and Low 1974, Clemmons, Hintz,

Underwood and Van Wyk 1974). The question about the Identity or relationship

between somatomedin A. somatomedin C, and NSILA-S baa to await more know-

ledge of their chemical structure before It can be solved.

Previously It was demonstrated that somatomedin C compotes with Insulin for

its receptor sitea in rat liver and rat adipose tissue (Hints. Clormnona, Under-

wood and Van Wyk 1972). Recently It has been shown that human placenta Is rich

in binding sites not only for Insulin but also for somatomedin A and C (Marshall,

Underwood, Volna, Fouahee and Van Wvk 1974, Hall, Takaiio and Fryklund 1974,

Takano. Hall, Fryklund, Holmgren, Slcvertseon and Uthne 1975).

The aim of the present study was to elucidate Hie binding sites of somatomedtn
A in various tissues from monkey and rat and to compare the binding with that
of somatomedin B and insulin.

Material and Methods

Partially purified plasma membrane fractions were prepared from various tis-

sues from two monkeys (cyanomolgua) and six rats (Sprague-Dawley). The age

of cvanomolgus was not known but according to testicuiar size and dental devel-

opment they were around puberty. The rats were postpubertal with a body weight

of 100—120 g. Pputobarbital was used as the anaesthetic In the monkfiys which

were bled to death. The rats were sacrificed by decapitation. The organs were

immediately removed and placed in ice-cold 0.25 M sucrose and trimmed from

connective tissue. A particulate membrane fraction was prepared by fc.omogenlz-

ation and stepwias ultracentrlfugatton as described earlier for human placental

membrane (Hall. Takaao and Fryklund 1974, Takano et al. 1975). Tiie fraction

between 12,000 g and 40,000 g was stored at -20°C until use. The protein con-

tent of the membrane preparation was determined by the method of Lowry, Rose-

brough. Farr and Randall (1951) with bovine albumin as a standard. From 1 g of

tissue about 10 mg of membrane protein were obtained,

Soraatomedln A and B were purified from Cohn fraction IV of human plasma

utilizing acld-ethanol extraction, gel chromatography, and electrophoresis on

cellulose (Hall 1972. Fryklund. Uthne and Sievertason 1974a. Fryklund. Uthne.

Sievertsson and Westermark 1974b). The somatomedin A preparation used for
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labelling and as a Btandard waa not entirely horoogeneouB and end-group analyses

disclosed mostly asparaglne (Fryklund, Uthne and Sievertsson 1974a). The bio-

logical activity of this preparation was 200 units per mg protein when determin-

ed by chick bioassay (Hall 1970;. In some experiments, as indicated in the text,

a less pure somatomedii A preparation which contained 55 U per mg was used.

The somatomodln B was pure with a molecular weight of 5,000 and its amtno-

nctd composition was Identical with that earlier published (Fryklund et al. 1974b).

The hGH contained 2 U per mg (AB Kabi, Stockholm, Sweden). Porcine insulin

used contained 24 IU per mg (N.I. L. , Gentofte, Denmark), porcine calcitonin

contained 10.3 MRC U/mg (Armour Pharmaceutical Comparny Ltd, Eastbourne,

England), and ACTH from N.V. Organon, (Oss, Holland). The synthetic linear

Bomatostatin was a gift from Dr. Roger Guillemin (La Jolla, California, USA).

125Pomatomedln A war iodinated by Na I to a specific activity of 100 fiCi/fjg ac-

cording to the peroxidase method with the modification that 5 1̂ of mercapto-

ethanol were added as described earlier (Takano et al. 1975). The labelled

somatomedin A was further purified by using its affinity to the human placental

membrane (Takano el al. 1975). Porcine insulin was labelled by the peroxidase

method (Thorell and Johansson 1971). Somatomedin B was labelled by both the

peroxidaite method and chloramlne T method as described b" Yalow, Hall and

Luft (1975).

Incubation was performed in 0.05 M Tris-HCl buffer, pH 7.4, containing 1%

human albumin. The assays were carried out in siliconized glass tubes contain-

ing 100 jil of hormone standard, 100 fil Labelled hormone, and 100 pi of particu-

late fractions. In order to avoid degradation of the polypeptide by the membrane

fractions the Incubations ware carrier* out ut +4°C- After 16 hr of incubatlon0.7

ml of ice-cold buffer was added and the membrane-bound and free hormones

were separated by centrifugatlon at 6,000 g for 10 mln at +4°C. The non-specific

binding to glassware was subtracted. The results shown are the mean values of

triplicates.

Koouits

1. Binding of somatomedlns and insulin to various tissues: The labelled

atomedin A bound to all the membrane preparations, whereas somatomedin B

"ab3lled either by the peroxidase method or chloramine T method did not bind
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Fig. 1. Per cent binding of labelled somatomedin A, Insulin, or somatomedin D
to membranes of various tissues from monkey. Membranes (500 jjg protein per
m!)and labelled hormones were Incubated without (i 3) or with respective na-
tive hormones (C2SS). Somatomedin A was added to a final concentration of 150
yg/mi(8'J/ml), insulin 10 jjg/ml (250 mU/ml), and somatomedinB 10 (jg/mU

PERCENT BINDING OF LABELLED HORMONE TO MEMBRANES

OF VARIOUS TISSUES FROM RAT

['25,] INSULIN

PERCENT BOUND
l] SOMATOMEDiN A
PERCENT BOUND

to IS 10 IS

Lung

Kidnay, medulla

Kidney, cortex

Liver

Tastis

Epidtdymal fat

Pancreas

Spieen

Brain

Hft*ri

Thyrnus

., ,.,....1

i

!

I

1

i

r

i

I

| 1

3

F3

Fig. 2. Per cent binding of labelled somatomedin A and insulin to membranes
of various tissuec from rat. Membranes (500 yg protein per ml) and labelled
hormones were lacubated without native hormones (I li or with insulin (E223)
in a concentration of 10 \ig/m\ (250 mTj/ml).
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Fig. 3. The displacement of -oI-somatomedir. A bound to talc
by increasing amounts of two preparations of somatomedin A
containing 200 U/'mg (• • ) and 55 U/mg (x x )' respective-
ly, insulin (X %)> somatostjtfin (© ©), and ACTH
(H g6). The ratio B/F is expressed in per cent of maxi-
mum which was 11.5%. Incubation was performed for 30 min
at +24°C with 200 /jg talc per ml.

significantly to any membrane tested. There was no obvious difference in the

binding of oomatomedin A between membrane prepared fre-ji rat or monkey

(Figs 1,2). In comparison with somatomedin A the labelled insulin was shown

to have more tissue specificity (Fig's 1,2). The percentage bound somatomedin

A and insulin increased with increasing amounts of membrane. At a membrane

concentration of 500 jjg protein per ml the variation in binding of labelled som-

atomedin A between different tissues was between 5 and 15%. The addition of

somatomedin A to a final concentration of 8 U/ml caused displacement of label-

led somatomedin A but up 10 50% remained bound to some of the membranes.

Excess of insulin (250 mU) reduced the bound labelled insulin by about 90%.

Note that the so called unspecific binding has not been subtracted.

2. Binding of somatomedin A to talc: The labelled somatomedin A had a tend-

ency to bind to jrlasswa.ro but this binding was reduced to about 1 % after sili-

conizing the tut: ^icriing of somatomedin A was also demonstrated with a

variety of partiru.i M sv'jstances as fcalc, quoso, and charcoal. Talc "< chosen

to study this non-receptor binding of somatomecHn A. The percentage bound som-

atomedin A increased with increasing amount? of talc. About 60% of total radio-

activity was bound at a talc concentration of 30 mg/ml. Somatomedin A caused

a dose-dependent displacement of the bound labelled somatomedin A in a way
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similar to that previously described for somatomedin A binding to plaeental

membranes. However, th*) amount of native somatomedin A necessary to cause

displacement was somewhat higher, and 1 I'/ml of somatomedin A did not cause

any displacement (Fig. 3). Furthermore, an impure preparation of somatomedin
125.

A was more effective in displacing bound i-Bomatomedin A than the more pure

one and small peptidea as somatostatia and ACTH were nearly as potent on a jjg

basis. Thus the binding of somatomedin A to talc was not specific. Porcine cal-

citonln, hGH, and somutomedin B in concentrations up to 33 ig/ml did not cause

any displacement of talc-bound somatomedin A.

3. Specificity of somatomedtn A binding: to membrane: The displacement of label-

led somatomedin A by native somatomedin A was dose-dependent but even alter

the addition of 80 U of somatomedin some binding remained. Since the displace-

ment curves did not show any clear asymptotic levelling off we have not correct-

ed our values for the so called "unspecific binding". Other hormones as porcine

calcitonln, hr>K, ACTH, somatomedin B, or somatostatln In dosages up to 33|jg/

ml did not cause any displacement of somatomedin A from their binding sites.

However, insulin could interfere with the binding of somatomedin A as well as

somatomedin A could interfere with the binding of labelled insulin.

In Figs 4 and 5 are shown the displacements of I-somatomedin A and I-

insulin caused by somatomsdin A and insulin utilising lung and kidney membranes.

Fig. 4. The displacement of I-somatomedin A and I-insu!In bound to
lung membranes from either monkey (left) or rat (right) by increasing amounts
of somatomedin A (a—•) and insulin (^ X)- T n e r a t l ° B / F i s expressed in
per cent of maximum. The somatomedin preparation contained a biological ac-
tivity of 200 U/mg, when determined by the chick assay. Maximum oinding of
125i-somatomedJn A and 125i-insulin to monkey membrane were 12.8% and
6.3%, respectively, using a membrane concentration of 500/jg/ml. Correspond-
ing bindings to rat membrane were 13.1 % sad 2.0% at a membrane concentra-
tion of 380 pg/ml.

Fig. 5. The displacement of I-somatomedin A and I-insulia bound to
kidney cortex membrane from either monkey (left) or rat (right) by increasing
anr.cur.ts of sornatOEnedin A (B—o) and insulin (X )(). The ratio B/F is ex-
pressed in per cent of maximum. The somatomedin A preparation contained a
biological activity of 200 U/mg when determined by the chick assay. Maximum
bindings of 125i-somatomedin A and of 125i-insulin to monkey membrane were
15.2% and 25.0%, respectively, using a membrane concentration of 500 jig/trU.
Corresponding bindings to rat membrane were 7.3% and 8.1%, respectively at
a membrane concentration of 380 / l
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We want to poiii'. out that the native aomatomedin A used was not completely

pure and contained 200 U.'mg. When the dosage is given in mg protein per nil

the insulin seem:? to he only about 10 times less potent than somatomedin A ir-

displacing bound somatomedin A, and somatomedin A Is 1.000-fold less potei!

than insulin in displacing bound labelled insulin. However, if the displacemer t

curves are compared in relation to the physiological range in serum of the hor-

mones the picture is different. The moan levels of somatomedin A in sera fro n

monkev and the rat were 1.4 U/ml and 5.0 t!/ml, resDectively. according to ihe

radioreceptor assa\. The insulin levels found in monkeys and rats ranged be-

tween 20 (jl1 and 200 jjl". As shown in Fig. 6. insulin within the physiological

range can never influence the binding of aomatomedin A whereas somatomedin

A can interfere with the binding of insulin. In order to obtain the same disphu-e-

ment of insulin as that of somatomedin A it was only necessary to increase the

amount of native somatomedin A about ten times.

By comparing the dosage of somatomedin A and insulin required for 20 and 50%

displacement of the bound labelled hormones an attempt was made to evaluate

the physiological significance of their binding to various membranes (Tabus 1).

Somatomedin A readily displaced labelled somatomedin A bound to membranes
from lung, kidney, brain, liver, and testes from both monkey and rat. Vising

tVjse membranes somatomedin A in concentrations below 1 U/ml caused ;i sig-

nificant displacement. Concern'ng membranes prepared from thymus, wpleen.

and adipose tissue, this was the case only in organs from the rat. Comparing

the displacement curves for labelled somatomedir, A obtained by somatf'inedin

A and insulin, it was obvious that only insulin concentrations above the physio-

logical range would interfere with the binding of somatomedin A. In general.

one unit of insulin was equivalent to one unit of somatomedin A. Labelled insu-

lin bound to membranes from rat liver, lung, kidney, spleen, and adipose tis-

sue was readily displaced by insulin in concentrations of 1-200 jjU/ml, which

is within the physiological range. In the monkey, membranes from ling, liver,

kidney, heart, brain, and testes seemed to have specific binding sites for in-

sulin. Comparing the displacement curves for bound labelled insulin, caused by

somatomedin A and insulin, gave a potency ratio between somatomedin A to in-

sulin cf one unit to 1-200 jjU insulin.
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Tablol. Dosages of somatomedin A and insulin causing 20% and 50% reduction in
specific binding to paniculate mombranes prepared from monkey (M)nnd rat(H)

Tissue

Lung

Kidne\ cortex

Kiuney medulla:

Brain:

Liver:

Heart:

Fat:

Testes:

Thymus

Spleen:

Pancreas:

M

R

M

R

M

K

M

R

M

R

M

R

M

R

M

R

M

R

M

R

M

Displace-
ment of
bound hor-
mone. %

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50
20
50

20
50

^'^1-somatomedtn A

Soma:o-
medln A,
IV ml

0.01
0. 24
0.01
0.60

0.02
0.44
0. 10

> 2.40

0.05

0.11
> 1.32

0.08
> 1. 32

0.05
> 1.32

0.70
> 1.32

0.58
5.00

0.04
> 5.00

1.32
> 1.32

> 2.00
-
0.07

> 1.32

0.66
> 1.32

0.02
1.00

1.58
> 2.00

0.11
> 1.32

> 1.32
-
0.17

> 1.32

0.27
1.32

Insulin,
H'J / m 1

« r 10 3

4 \ 10 6

4 x 10 3

8 x 106

85 x 10 3

40 x 10 6

195 x 10**
> 8 x 10 b

38 x 10 3

63 x 10 6

17 x 10 3

8 x 10 6

825 x 10 3

> 8 x 10^
145 x 103

> 8x 10"

8 x 106

-
8 x 106

-

250 x 103

83 x 106

6 x 106

-

_
-

313x 103

> 8 x 106

B x l O 3

> 3 x 10 b

20 x 1 0 3

8 x l O 6

2x 106

-
275 x 103

-

250 x 103

-
125 x lO3

-

8 x 106

-

1 2 5 1 - insulin

Insulin,
jilV'ml

t\
70
15
83

15
82
15
2 x 103

13
158
160

6 x 10a

1
375

25 x 103

-

1 x 10" 1

20
1

38

1
25
73
25 x IO3

16 x 106

-
18

200

1
2 x 103

13 x 103

-

> 3 x 103

_
13 x 103

-

14 x 103

135 x 1 0 3

4
250

>25 x 103

-

So rrut to-
rn edin A
17 ml

0.04
> 13.20

0.01
4.40

0.32
10.26

-
-

0.25
> 20.00

_
-

-
-
-
-

_
-
-
-

1.12
24.00

-
-

_
-
-

_
-
-
-

_
_
-

-
-
-

-
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Dlsousalon

The binding of polypjptlde hormones to specific receptor sites on plasma mem-

branes is a prerequisite for their action. If the binding satisfies certain criteria

such as ligand specificity, saturatabi'ity, high affinity, and reversibility, it is

generally believed to reflect a specific receptor interaction. However, as point-

ed out by Cuafcrecasafi and Hollenberg (1975), some of these criteria can be ful-

filled by non-receptor Interaction with paniculate substances. Especially the

Interaction observed with high concentrations of the polypeptide hormone would

not be accepted as true receptcr binding.

The present study clearly indicates a difference between the binding of labelled

somatonjedin A to participate substances such as talc and the binding to mem-

branes prepared from various tissues. The former binding is non-specific since

several small peptides could cause displacement. Furthermore, high doses of

somatornedin A are necessary in order to achieve displacement of talc-bound

somatomedin A. The membrane binding was not influenced by hormones other

than somatomedin A and Insulin. Somatomedin A in concentrations of 0.01-5

U/ml caused displacement of the labelled somatomedin A from its binding sites

ii ,he membranes. Therefore, the binding of somatomedin A to membranes from

several tissued could be accepted as true receptor binding.

The restricted availability of pure somatomedin A and the difficulties in retain-

ing its biological activity during storage have forced us to use a not completely

pure somatomGdin A for the displacement. Therefore, the apparently high af-

finity constant and moles of binding sites per mg membrane protein cannot be

calculated with certainty. Instead we have chosen to compare the dose range of

somatomedin A necessary to displace 20 and 50% of lab lied somatomedin A

from its binding sites. The concentrations of somatomedin A and insulin are

given in units per ml. An examination of the binding of somatomedin A and in-

sulin to the same membrane preparations from several organs from both mon-

key and rat showed some interesting features. Firstly, there seems to be a

species difference between monkey and rat. Secondly, somatomedin A bound to

all membranes tested, whereas insulin disclosed a more pronounced organ

specificity. Thirdly, insulin in physiological amounts did not interfere with the

binding of somatomedin A to its binding sites, whereas somatomedin A within

the physiological range competed with insulin for its binding sites. The differ-

ence between tissues from monkey and those from rats can also be accounted
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for by the difference in biological age. Afl shown by others, the amount of bind-

ing e'*es for insulin ts roduced by increasing age tn the rat (Freeman, Karoly

and Adelman 19T3)

The binding of insulin to its specific receptor sites in lymphocytes or plasma

membranes from liver, fat, and placenta has been studied extensively (cuatre-

caaaa 1971a, b, 1974, House 1371. Preychet, Roth a;ad Neville Jr 1971a, b,

Freychet, Kahn, Roth and Neville Jr 1972a, Frevohet, Laudat, Laudat and Roa-

aeUn '.972b, Hammond, Jarett, Mariz and Daughaday 1972, Kahn, Nevlllo Jr.

Garden, Freychet and Roth 1972, Kahn. Neville Jr and Roth 1973, Roth 1973,

Gavin, Gorden. Roth, Archer and Buell 1973, Archer, Gorden, Gcvin, Leanlak

and Roth 1973, Posner 1974, Clemmons et al. 1974, Marshall et al. 1974, Hall,

Takano and Fryklund 1974, Takano et al. 1975). As shown in the present study,

specific binding sites for insulin also exist In othor tissues such as lung and

kidn3y. Surprisingly we could not find any binding of somatomedin B to the mem-

branes. However, we do not know if we have destroyed the biological activity of

somatomedin B by iodination. Furthermore, binding studies have not been per-

formed on glial cells and fibroblasts, where somatomedin B has biological ac-

tiv{ty (Fryklund et al. 1974b).

Whether the specific binding of somatomedin A to membranes from lung, kidney,

brain, liver, and testes of both monkey and rat and those from monkey heart and

rat adipose tissue, thymus, and spleen also indicates that somatomedin A exerts

biological action in these organs has to be proved. At present we only know that

somatomedin in rat adipose tissue decreases the artenylate cyelase activity, in-

creases the conversion of glucose to CO2, and suppresses the release of glyc-

erol (Hall and Uthne 1971. Underwood et al. 1972, TelL,Cuatrecasas. Van Wyk

and Hintz 1973, Werner, Hall and Low 1974, Clemmons et al. 1974). In dia-

phragms from rats somatomedin A also stimulates glucose uptake as well as

ammo-acid uptake and incorporation into proteins (Uthne, Reagan) Gimpel and

Kostyo 1974).

The existence of specific binding sites for both somatomedia A and insulin in

several tissues raises the question of whether both hormones elicit the same

biological action or if there exists some difference. In addition, the finding

that somatomedin A in physiological ranges also can compete with insulin for

its binding sites has to be explored. In this respect, depending on the tissue,

somatomedin A may potentiate or inhibit the action of insulin.
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K. Takano, K. Hall, M. KitzC-n. L. Iseliua and

H. Sievertsson

A H K T R A C T

Somatomedin A was determined by radioreceptor assay in serum
from patients with various disorders . The mean values of somato-
medin A in serum from 20 adult subjects. 21 patients with acro-
megaly, and 17 patients with hypopituitary dwarfism were 1.08 ±
O.Oe, 3.02 ± 0 . 3 3 . and 0.44 ± 0.03 U/ml. respectively. In child-
ren below two years of age, low levels were found (mean 0.40 ±
0.04 U/ml). Normal levels were found in patients with Turner's
syndrome and primary hypothyroidism, increased levels in
uraemic patients, and decreased levels in Laron dwarfs.

The presence in human serum of factors which stimulate the in vitro incorpora-

tion of sulphate and thymidine into cartilage is wellknown (Daughaday et al. 1959;

Almqvist 1980, 1961; Yde 1968: Hall 1970; Van den Brande et al. 1971; Gar-

'and et al. 1972; Van den Brande & Du Caju 1974a); These factors, somato-

medins, are claimed to be growth-hormone dependent (Daughaday et al. 1959:

Almqvist 1961; Almqvist et al. 1961: Kogut et al. 1963; Daughaday & Parker

1963; Hall 1970. 1971, 1972; Van den Brande fc Du Caju 1974a, b). However,

decreased levels of somatomedin activity have also been found in serum from

some patients with normal or increased levels of hGH (Daughaday et al. 1969;

New et al. 1972; Grant et al. 1973; Van den Brande & Du Caju 1974b; Saenger

et al. 1974; Wu et al. 1974; Van den Brande et al. 1975).

Recently several somatomedins have been purified from human plasma (Hall

1972; Uthne 1973; Van Wyk et al . 1974, 1975; Fryldund et al. 1974a. b). The
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availability of purified aomatomedin A. B. and C has led to the development of

more precise methods than the bloaasays for their determinations (Marshal! et

al. 1974; Hall et al. 1974; Takano et al, 1975; Yalow et al• 1975; Van Wyk &

Vnderwood 1975). A radioreceptor assay for somatomedln A was worked out

utilizing human placental membrane thus allowing determination of somatomcdin

A in whole serum (Takano et al. 1975). Somatomedin B doea not interfere with

this determination of somatomedln A. Somatomedln C. purified bv Van Wyk et

£.. (1975) has been shown to crossreact with somatomedin A in the present

radioreceptor assay (Hall et al. 1975). Somatomedin A and C have many target

tissues in common (Hall & Van Wyk 1974). Whether they are two different poly-

peptides present in plasma or not remains to be clarified.

In the present study the radioreceptor assay has been used for determination

of somatomedin A in serum from healthy control subjects as well as in serum

from patients with various disorders.

MATERIAL AND METHODS

Material

The mean age and sex of the various groups of subjects examined are given

in Table 1.

Group 1 comprised 20 normal subjects in the age range 19—25 years. They

belonged to a twin material and one of each twin pair was chosen at random.

Group 2 consisted of nine children below two years of age, who attended the

pediatric clinic for follow-up 3—4 weeks after an acute infectious disease.

Group 3 consisted of 17 patients with short stature due to lack of pituitary

growth hormone. The diagnosis of hGH deficiency was established by lack of in-

crease in plasma growth hormone after insulin-induced hypoglyeaemia and/or

L-dopa loading test. Furthermore, in 16 of the patients a Successful treatment

with hGH confirmed the diagnosis. Eleven of these had already finished their

hGH treatment more than two years before the sampling. The remaining five

patients were started on hGH therapy after the somatomedin determination.

Only one of the patients, 46 years of age and with a body height of 125 cm had

not been subejeted to therapy. Four of the patients had been operated on for

eranlopharyngeomas several years before this investigation. In 13 patients the

etiology of the growth-hormone deficiency was unknown.

Group 4 included 21 patients with acromegaly, aged 25-63 years. Eight of

these subjects were classified as having advanced acromegaly, according to
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Table 1.

Clinical data regarding the case material .

Number Ago

Total Male Female Mean Range

Normal adults 20 10 10 23.1 19 .4-24 . (1
Children below 2 years 9 4 5 1.4 0 . 8 - 1 . 9
Pituitary dwarf lam 17 11 6 23.2 1 0 . 6 - 4 5 . 9
Acromegaly 21 7 14 42.2 2 4 . 7 - 6 3 . 1
Turner 's syndrome 12 0 12 16.8 1 0 . 1 - 2 9 . 9
Primary hypothyroidiam 10 4 6 53.1 3 1 . 3 - 6 7 . 1
Uraemia 8 8 0 49.2 2 9 . 4 - 8 2 . 3

clinical evaluation. Seventeen patients had a duration of the disease for more

than ten years . AH had verified pituitary tumours. Eosinophilic adenomas were

verified at transsphenoidal hypophysectomy in 18 patients. Ten of these had al-

ready been operated upon at the time when the blood samples were drawn but

without complete remission.

Group S comprised 12 patients with Turner 's syndrome. They had a mean

height of 136.5 em (age range 10-30 years) . The chromosome constitution was

XO tn seven of them whereas the others had various forms of mosaicism.

Group 6 consisted of ten patients with primary hypo thy roidism, aged 31-67

years . The diagnosis was established by the clinical investigation and the e le -

vated TSH levels. All were hypothyroid at the time of the investigation. The

mean levels of thyroxine (T4) and triiodothyronine (T3) were 2.85 ± 0.48 /ug/100

ml and 28.0 ± 8.7 ng/100 ml, respectively.

Group 7 consisted of eight uraemic patients aged 29-82 years. The mean of

their serum creatinine was 10.3 mg/100 ml and that of blood urea nitrogen

(BUN) was 93 mg/100 ml.

Dr. Z. Laron, Tel Aviv, has kindly sent us serum from two of his patients

with dwarfism and high levels of hGH in plasma.

Methods

Venous blood samples were drawn pfter an over-night fast, centrifuged and

the serum was stored at -20°C until used.

Radio receptor assay of aomatomedin A. - Somatomedin A was purified from

Conn fraction IV of human plasma utilizing acid-ethanol extraction, gel chrom-

atography, and zone eleetrophoresis as earlier described (Hall 1972; Uthne

1973; Fryklund et al. 1974a). Somatomedin A used for labelling in the present
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study was completely homogeneous by gel ehromatography and electrophorosis.

It contained a biological activity of 3 600 U/mg in the chick bloass.vy (.Hall 1970).

Somatomedin A was iodlnated to a specific activity of 80-140 jjCl/tifc by peroxi-

dase method wife some modifications (Takano et al. 1975). A porttculau mem-

brane fraction from human placenta was prepared by stepwise ultraeentrUuga-

tion and the membrane fractions between 12 000 g and 40 000 g were used as

earlier described (Takano et al. 1975).

Incubation was performed in 0.05 M Tris-HCi. pH 7.4, buffer containing 1',?

of human albumin. The assays were carried out in siliconized glass tubes con-

taining 0.6-10 jjl of reference serum or unknown serum dissolved in buffer to a

volume of 100 j j . 100 fj of labelled hormone (0.3-0.5 ng/100 1̂>. and 100 jul of

human ptacental membrane (protein concentration 120 jjg/100 jjl). After 16-h

incubation at 4°C, the membrane-bound and the free somatomedin A were sep-

arated by centrifugation and counted in a gamma spectrometer.

In a'.: cases a symmetrical 4-point design was used with two serum volumes

of the local reference serum and of the unknown serum. Pooled serum from 800

blood donors was used as an arbitrary reference. One unit (U) of somatomedin

A is here defined as the content in 1 mt of this serum. In each assay the vol-

umes of serum were ehosen so that the same quotient, usually 4.0, was obtain-

ed between the volume s of the unknown and between the volumes of the reference

serum. Each of the serum doses was determined by triplicates. The parallelism,

potency difference, precision X (= standard error/slopes of curves), and 95% of

fiducial limits of the estimated somatomedin A potency were calculated as pre-

viously described (Hall 1970). The values not fulfilling the criteria of parallel-

ism and linearity were rejected.

HGH in plasma was determined by radioimmunoassay according to the method

described by Cerasi et al. (1966). T3 and T4 in plasma were determined by

radioimmunoassay according to Ljunggren et al. (1975).

RESULTS

The mean values of somatomedin A in serum from the different groups of sub-
jects are given in Table 2.

The distributions of the serum somatomedin A levels in normal adults and

patients with growth-hormone deficiency and acromegaly are shown in Fig. 1.

The level of serum somatomedin A from patients with growth-hormone defi-

ciency ranged from 0.26 to 0.56 U/ml with a mean of 0.44 ± 0.03 U/ml. The

corresponding values found in the group of normal adults with the same mean
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Table 2.

Somatomerlln A levels by radioreceptor assay.

Somatomedin A. l.'/ml

Mean ± SD P

Normal adults
Children below 2 years
Pituitary dwarfiam
Acromegaly
Turner's syndrome
Primary hypothyroidism
Uraemia

1.08
0.40
0.44
3.02
1.13
0.9(5
1.88

±
X

i

±

±
±

0.34
0.11
0.10
1.49
0.22
0.27
0.61

* **

* * *

* _= _P< 0.001 compared to normal controls.

NUMaER

PITUITARY S
DWARFISM 4
( n = t 7 ) 2

NORMALS
( n = 2 0 )

NUMBER

6

U

2

ACROMEGALY
( n = 2 1 )

NUMBER

U

2H

0.2^ 0.5 1.0 2.0 4.0

SOMATOMEDIN A , U / m l SERUM

8.0

Fig. 1.

Distribution of serum somatomedin A values
from patients with pituitary dwarfism, normal
subjects, and patients with acromegaly.
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age, were 0.67 to 1.70 U/ml and 1.08 * 0.08 U/mt. There was no overlap be-

tween the soniatomedin values found In serum from these two groups and the

difference between the means was highly significant (P < 0.001). The aomato-

medif* A values found In serum from patients with acromegaly varied between

1.44 and 7.70 U/ml. The mean level. 3.02 ± 0.33 U/ml was significantly dif-

ferent from that found in normal subjects (£< 0.001). As shown in Fig. 2 there

was no correlation between the levels of somatomedin A and hGH in serum

from the patients with acromegaly (r 0.02). However, all patients graded as

having advanced acromegaly according to clinical examination had values of

somacomedin A above 2.5 U/ml.

The distribution of the somatomedin values found in serum from patients

with Turner s syndrome and primary hypothyroldism Is ahown in Fig. 3. These

values were within the range of normal adults. In serum from children below

two years of age the values of somatomedin A ranged from 0.25 to 0.62 U/ml

with a mean of 0.40 ± 0.04 U/ml (Fig. 3). This mean was significantly differ-

ent from that found in normal adults (P < 0.001). Furthermore, the values

were as low as those found in the group of patients with growth-hormone defi-

ciency, age range 11-46 years. Decreased levels of somatomedin A. 0.08 and

0.12 U/ml. were also found in the serum obtained from two Laron dwarfs. These

patients were 16 and 19 years, respectively.

Fc-ur of the eight uraemic patients had levels of somatomedin A above tlie

normal adult range {Table 3). The mean. 1.88 ± 0.22 U/ml, differed signifi-

cantly from that found in normal adults (P < 0.001) but also from that in pn~

tients with acromegaly (P < 0.05). No correlation was found between the jom-

atomedin levels on one hand and the creatinine values or BUN on the other. None

of these patients were subjected to dialysis before determination of 3omatomedin.

The mean X values obtained in the determination of serum from patients with

growth-hormone deficiency, normal adults, and patients with aeromegaly were

0.08, 0.10, and 0.12, respectively. There was no significant difference be-

tween these X values. However, the values were higher in these routine analy-

ses than earlier described (Hall et al. 1974). The inter-assay variation was

tested in the following way. Serum from one patient was determined in seven

consecutive assays. The mean and SD obtained were 0.53 ± 0.03 U/ml andQ.08

U/ml (16%) respectively. The inter-assay variation was within the fiducial

limits of the determinations. Furthermore, serum from two patients with pitui-

tary dwarfism and from two patients with acromegaly were run in radioreceptor

assay on four different days. Two-way variance analyses disclosed significant

difference between the serum (F = 66.42) but no significant difference between

the assays (F = 0.50).
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Scatter diagram between
the values of hGH and
somatomedin A in serum
from patients with acro-
megaly (r - 0.02).
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Table 3.

Clinical and laboratory iata in eight uraemic patients.

Patient Age BIN

year mg/100 ml

Creatinine bull

mg/100 nil ng/ml U/ml

Somato-
medln A

H.
B
D
L
B
J.
L.
G.

A.
M.
B
B.
H.
R.
L.
B.

29
33
:$9
39
48
60
63
82

90
64
96
180
-

66
56
100

14.2
12.0
16.8
7.3
-
10. 8
4.8
6.4

3.4
8.0
4.6
3.4
4.3
5.3
12.1
4.1

2.47
2.83
1.14
1.59
2.43
1.47
1.73
1.38

DISCUSSION

In earlier studies utilizing the chick bioassay it was claimed that somatomedin

A was a growth-hormone dependent factor (Hall 1970. 1971, 1972; Hall & Olin

1971; Hall & Filipsson 1975). All bioassays are sensitive to both stimulatory

and inhibitory factors. Therefore, it is often difficult to be certain whether low

levels are due to a deficiency of somatomedin or due to an excess of inhibitory

substances. Utilizing the radioreceptor assay it has been vertfied beyond doubt

that somatomedin A, purified from human plasma, really is a growth-hormone

dependent factor (Hall et al. 1974; Takano et al. 1975). As shown in the pres-

ent study the mean of somatomedin levels in serum from patients with growth-

hormone deficiency is significantly lower and that from patients with acro-

megaly significantly higher, than the mean level found in normal adults. There-

fore, the radioreeeptor assay for somatomedin A seems to be a specific and

simple tool for establishing the diagnosis of pituitary growth-hormone deficiency

and acromegaly. However, no correlation w&s found between somatomedin A and

hGH levels in serum from patients with acromegaly. This lack of correlation

indicates that single hGH values do not reflect the production rate of hGH as

pointed out by Daughaday (1969).

The range of somatomedin A in normal adults, obtained using the radiore-

ceptor assay is in accordance with those earlier found in prepubertal children

utilizing the chiek bioassay (Hall 1972). At present we are not aware of any

correlation between the somatomedin A levels in serum and the chronological

ages in subjects above seven years of age. However, our normal material is
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not yet complete. In children belov. two years of age the scrum love'iK of somato-

medln A were significantly lower than those in normal adults. TIiiH finding IB in

agreement with earlier resultH obtained by bioassay. I'tilizing either rat or pig

cartilage assay decreased somatomedin levels have- been found in children be-

low four veara of age (Almqvist & Rune 1961; Kogut et al. 1063; Van den Bran di-

et al. 1974, 1975; Van den Brande & Du Caju 1974b; Tato et al. 1975). The low

levels of somatomedin found in chi'dren during the period of rapid growth could

be explained in different ways. Firstly, the present assay as well as the pre-

vious btoaesays do not measure all growth-promoting factors in serum. Second-

ly, a change in the ratio of free tu protein-bound oornatomedin A ma\ influence

its biological effect. Thirdly, there may be a decrease of target-tissue respon-

siveness with age causing a decelerated growth in spite of increased somato-

medin A levels in blood. It hns previously been shown that cartilage Trorn rats

shows a decreasing sensitivity to the stimulatory effect of serum with increas-

ing age (Heins et al. 1970). The retarded growth found in patients with Turnei •-<

syndrome may also depend on reduced target-tissue responsiveness, since they

have normal levels of somatomedin A. This finding is in accordance with earlier

results obtained by bioassay (Daughaday et al 1959; Almqvist et al. 1963, 1964;

Hall & Filipsson 1975).

In addition to the patients with deficiency of growth hormone, significantly de-

creased levels of somatomedin A were only found in serum from two Laron

dwarfs. These patients have the classical appeararice oi growth-hormone defi-

ciency but they have high levels of immunoreactive growth hormone (Laron et

aJ. 1963). Our findings confirm earlier results obtained by bioassay (Daughaday

et al. 1969, 1975; Van den Brande & Du Caju 1974b). These patients probably

have a defect in the regeneration of somatomedin A which supports the assump-

tion that somatomedin A plays an important role in normal growth and develop-

ment. No patient was found to have a complete lack of somatomedin A. There-

fore the production of somatomedin A does not seem to be totally dependent on

growth hormone. Patients with primary hypothyroidism showed normal levels

of somatomedin A. Thus, thyroid hormones do not seem to be required for the

production of somatomedins but they exert their effect directly on the target tis-

sues. Thyroid hormones wore recently shown to stimulate the sulphate uptake

into chick cartilage in vitro (Audhya & Gibson 1975).

The levels of somatomedin A in serum from patients with acromegaly were

higher than those usually found when determined by bioassay. As earlier point-

ed out by Takano et al. (1975), we believe that human serum contains factors

which exert an inhibitory action on the chick cartilage. Increased levels of
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somatomedin A were also found in four out of eight uraemic patients. Thia was

surprising since diminished soinatomedin levels are thought to be of Importance

for the growth delay In uraemtc children (Lewy & New 1975). Aa recently shown

bv Saenger et al. (1974) somatomedin determined by rat bloassay is aignificant-

ly diminished in children with chronic renal failure. Restoration of growth after

renal transplantation was correlated with restoration of serum somatomedin to

normal levels. Thia discrepancy In somatomedin levels when determined by

r^d to receptor assay and by bioasaay may bo explained by the presence of inhib-

itory factors in uraemic serum. I'raemic serum contains a fraction which

causes inhibition of sulohate uptake into chick cartilage (Bofovic' et al. 1974).

Somatomedin inhibitors have also been found in serum from fasting rata and in

children with malnutrition (Salmon 1972, 1975; Grant et al. 1973; Van den

Braade ft al. 1975). The ieducod levels of somatomedin activity found in

children with protein=ca!crie malnutrition are increased after treatment (Grant

et al. 1973). To what extent those changes in aomatomedin levels, determined

by bioassay, depend on an increase in somaiomedin or a reduction of inhibitors

can only be solved by using more specific methods for the determination of

somatomedin.
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I N T R O D U C T I O N

Although growth hormone (Gil. somatotrophm) is generally regarded a* the prin-

cipal hormone regulating skeletal growth, evidence has areumulated Lhat growth

hormone by itself does not stimulate linear growth but rather induces the forma-

tion of secondary growth-promoting factors. Thus in 1957. Salmon & Daughadav

discovered that serum contained a GH dependent biological aetivitv. In their bio-

assay, they measured Lhe uptake of labelled sulphate into cartilage from hvpo-

physectomized rats. This activity was called "sulfation factor'' (SF). They dem-

onstrated that serum from hypophysectomized rats contained less of this activ-

ity, and that SF in serum was increased after treatment of the anima'.s withGH.

During the following decades it was amply confirmed that serum contains such

a GH dependent activity (see review in Paper I). Since SF not only stimulated

sulphate uptake but also had a more general effect on the target tissue the term

sulphation factor seemed unsuitable, Therefore, the term s o m a t o m e d i n

was introduced in 1972 (Daughaday et al.) to designate factors which are GH

dependent, and which exert an anabolic effect on their target tissue.

Later work has indicated that plasma contains more than one growth-

promoting substance. By using different bioassays for the identification of som-

atomedin activity and utilizing different purification procedures, at least three

such poiypeptides have been purified from human plasma- somatomedin A. som-

atomedin B, and somatomedin C (Hall 1972, Uthne 1973; Fryklund et al. 1974a,

b; Van Wyk et a!, 1974, 1975; Van Wyk & Underwood 1975; Sievertsson et al.

1975). Somatomedin A designates the factor which stimulates the incorporation

of sulphate into chick carti lage (Hall 1972; Uthne 1973), somatomedin E the fac-

tor which stimulates DNA-synthesis in glial cells (Uthne 1973; Westermark &

Wasteson 1975), and somatornedin C the factor which stimulates both sulphate

and thymidine uptake into rat cartilage (Van Wyk et al. 1974). Somatomedin A

is a neutral polypeptide with a molecular weight of 7 000, somatomedin B an

acidic polypeptide with a molecular weight of 5 000, and somatomedin C a basic

polypeptide with a molecular weight around 7 000 (Van Wyk et al. 1974; Sie-

vertsson et al . 1975). Somatomedins A and C have been shown to exert many



insuhn-iikf activities including stimulation of glucose uptake and inhibition of

glveerol release in eptdidymal fat from rats (Hal! & I'lhne 1971, Underwood el

al. 1972; Clemmons et al. 1974; Werner et al. 1974). Thus, all the three som-

atrmodias exert an anabolic effect on their target tissues.

In order to ascertain whether these purified polypeptides are identical with

Ihe GH dependent factors in serum, it is neceaaary lo have more specific and

precise methoite than ths bioassays for their identification. All bioaaaays re-

spond to both stimulatory and inhibitory factors. Therefore, it is often difficult

to decide whether a change in biological activity in serum is due to an increase

ia stimulatory or decrease in inhibitory factors. The availability of purified

somatomedins B and C had led to the development of a radioimmunoassay for

somatomedin B (Yalow et al. 1975) and a radioreceptor asaay for aomatomedin

C (Marshall et al. 1974J, which directly measure the hormones in question.

The radioreceptor assays are based on the finding that the primary step in

the action of polypeptide hormones is the interaction between hormone and re-

cognition sites on the plasma membrane of their tissue (Pastan et al. 1966;

Cuatrecasas 1969; Lefkowitz et al. 1970). There is general agreement that the

hormone receptor is an element of a target cell that specifically recognizes the

hormone and is responsible for initiating a so-called hormonal response (see

review by Birnbaumer et al. 1974). The idfia that the biologically important re-

ceptors for polypeptide hormones are largely or entirely located to the outer

cell surface was strengthened by demonstrations that pepfcide hormones, co-

valently linked to inert polymers, are biologically active (Sehimmer et al. 1968;

Cuatrecasas 1969). Binding sites on plasma membrane were identified by show-

ing that labelled hormone bound to the membrane preparation can be displaced

from the membrane by unlabelled, biologically related hormones (Lefkowitz et

al. 1969; Goodfriend & Lin 1963). This approach has been extended to various

polypeptide hormones such as ACTH (Lefkowitz et al. 1969, 1.970), angiotensin

(Goodfriend & Lin 1969), insulin (Freyehet et al. 1971a, b; Cuatrecasas 1971,

1972; Roth & Leaniak 1972), glucagon (Rodbell et al. 1971a, b), calcitonin

(Marx et al. 1972a, b), growth hormone (Tsushima & Friesen 1973; Gordon et

al. 1974), prolactin (Shin et al. 1973; Kelly et al. 1974), gonadotrophin (Catt et

al. 1972; Kemmerman et al. 1972; Lee et al. 1973), and NSILA-S (Megyesi et

al. 1974a, b). In this context it should be noted that the basic properties of hor-

mone oinding by biological receptors can also be exhibited, at least in part, by

non-receptor interactions. However, the binding is supposed to involve a spe-

cific receptor if it satisfies certain criteria such as chemical and tissue spe-

cificity, aaturatability, high affinity, and reversibility (Cuatrecasas & Hollen-

berg 1975).



As expected, radiorcceptor ILK says arc specific for the biologically active

p.'trt <>l the hcrmotic, ami arc more precise and sensitive than other bioassavH

(Roth 1973, Cuatrecasas 1974). However, this sensitivity is net as high as that

obtained by radioimmunoassay and, only occasionally, can a 1adioreeeptor as -

sav measure normal concentrations of hormones in serum (Lefkowitz et al.

1970; Robinson et al. 1971; Wolfsen et al. l'J72; Leaniak et al. 1973, Megyesi

ct al. 1974b; Marshall et al. 1974, Saito & Shizume 1974; Lee & Ryan 1975).

The disadvantages of determining somatomedin A by chick bioassay such as

low sensitivity and precision and that it is HO time-consuming made it necessar\

to search for a more sensitive, specific, an.l simple method suitable for the de-

termination of large series of samples.

In this context, the aims of the present investigations were

• to determine the presence of binding sites for somatomedin A

in various tissues

4 to develop a radioreeeptor assay for measuring somatomedin A

in whole serum

• to evaluate whether the purified polypeptide somatomedin A

is a growth-hormone dependent factor

• to measure the levels of somatomedin A in serum from various

groups of patients.
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MATERIALS AND METHOD

A. Pa t ien t m a t e r i a l s

Venous blood samples were cLawn after aa over-night fast, centrlfuged and the

serum was stored at -20°C until used. The normal Kdult case mnterlal consist-

ed of 20 twin pairs aged 19-25 years. One of each twin pair was chosen at ran-

dom. Serum samples used for measurement of somatomedin A were taken from

different groups of patients: nine children below two years of age who attended

the pediatric clinic three to four weeks after an infectious disease; 17 patients

with GH deficiency; 21 subjects with acromegaly; 12 girls with Turner's syn-

drome; 10 patients with primary hypothyroidism; eight patients with uraemia;

and two children with dwarfism of the Laron type (Paper V). In six of the pa-

tients with acromegaly serum samples were taken before and after transsphen-

oidal hypophysectomy. In three of the patients with pituitary dwarfism, serum

samples were drawn in connection with infusion of hGH.

B. P r e p a r a t i o n of p l a s m a

m e m b r a n e

Particulate plasma membrane fractions were prepared from various tissues

from two monkeys (Cyanomolgus), from rats (Sprague-Dawley), from cartilag-

inous pelves from 11-day-old chick embryos, and from human placenta. Pento-

barbital was used as the anaesthetic in the monkeys which were bled to death.

Rats with a body weight of 100-120 g were sacrificed by decapitation. Term

placenta was collected immediately after delivery. All organs were immediate-

ly placed in icecold 0.25 M sucrose and trimmed from connective tissue. Horno-

genization was performed stepwise with an Omnimixer and with a polytron PT-10

(Brintanan) for 15 sec at setting 5, 30 sec at setting 7, and 15 sec at setting 9.

The membrane was purified by successive centrifugations at 600 g for 10 min,

and at 12000 g for 30 -«in = The supernatant was further separated by ultra-
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Fig. I. Isolation scheme for somatomedin A.

centrifugation (L5-50, LKB Beckman) at 40000 g for 40 min at 4°C. The pellet

was suspended ;;» approximately 10 volumes of Tris-HCI buffer O.05 M, pH 7. 4,

and re-centrifuged at 40 000 g. The different fractions at 600, 12 000, and 40 000
125g were tested for specific binding of I-somatomedin A. The highest binding

per mg protein was found in the fraction between 12 000 g and 40 000 g. Further

separation of this fraction on a continuous sucrose gradient (28—54%) gave only

minor improvement of the binding per mg membrane protein. Therefore, the

crude fraction between 120U0 g and 40000 g was used for the radioreceptor as-

say. About 5-10 mg of membrane protein were obtained from 1 g of tissue. This

particulate fraction was suspended in 3—4 volumes of 0.05 M Tris-HCl buffer,

pH 7.4, and kept frozen (-20°C) in small aliquots until thawed prior tc use {Pa-

per III). Under these conditions, the ability of membrane preparations to bind

hormones was stable for at least one year. At 4°C, the percentage binding of

somatomedin A decreased with a half-life of five days.

C. Hormone p r e p a r a t i o n s

The somatomedia A preparations used for labeUing and as standards were puri-

fied at the Recip Polypeptide Laboratory, AB Kabt, Stockholm. Cohn fractionIV

from human plasma was used as starting material, and somatomedin A was

purified utilizing aeid-ethanol extraction, gel chromatography on Sephadex G50,

and electrophoresis on cellulose column at pH 7.5, 5.0, and 2.0 (Fig. 1) (Fryk-

lund et al. 1974a). During the course of the present study, three different som-

atomedin A preparations (I, II, and HI) were used. Somatomedin A I was obtain-

ed after electrophoresis at pH 7.5. somatomedin A II bad been further purified
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by electrophoi-esis at pH 5.0 and gol chromatography, and soinatomedin A III

had been submitted to further electrophones is at pH 2.0 (Fig. 1). Somatomedin

A I wa3 not homogeneouo, and had a biological activity of 200 U/mg protein ac-

cording to the chick bioassay. Somatonedin A II and HI were both homogeneous

by elect ropho res is and gel chromatography. Somatomedtn A U was identical with

somatomedin Ao described b> ^levertsson et al. (1975). End-group analysis dis-

closed asparagiise as the terminal iuMno residue but also traces of thrconine

i- 10%). The chemical characteristics of somatomedin A III were similar to

those of somatomedin A II (Fryklund, unpublished data). The biological activity

of somatomedin A III was 3600 U/mg protein when determined by chick bioassay

(Frykiund et al.. unpublished data).

The substances used for studying the specificity of the radioreceptor assay

were: porcine insulin (24 lU/mg, from Nordisk Insulin Laboratory, Gentofte,

Denmark), porcine proinsulin (also from Nordisk Insulin Laboratory), human

GH (2 U/mg, from AB Kabi, Stockholm), porcine caicitoain {10.3 MRC U/mg,

from Armour Pharmaceutical Company Ltd., Eastbourne, England), bovine

ACTH (15 IU/mg, from N.V. Organon, QSB, Holland), mouse nerve growth

factor (1000 U/mg, from Burroughs Wellcome and Co., London, England),

synthetic linear somatoatatin (from Dr. R. Guillemin, The Salk Institute, La

JoUa, California, USA), fibroblast growth factor (from Dr. D. Gospodarowicz,

The Salk Institute, La Jolla, California, USA), and somatomedin C (from Dr.

J. J. Van Wyk, Chapel Hill, North Carolina, USA). The somatamedin B used

was identical with the reference preparation used for the radioimmunoassay of

somatomedin B (Fryklund et al. 1974b; Yalow et al. 1975).

D. R a d i o i s o t o p e l a b e l l i n g of
s o m a t o m e d i n s A and B and i n s u l i n

The somatomedin A was iodinated to a specific activity of 80—140 jiCi/jig accord-

ing to the peroxidaae method (Thorell & Johansson 1971) with some modifications.

The iodination was performed at room temperature. The reactants wera added

rapidly in the following order and amounts: 20 ul of 0.05 M phosphate buffer (pH
125

7.4), 0.5 mCi Na I, and 10 jjl of somatomedin A (0.5 mg protein/ml in 0.02

M HCl), 4 pi of lactoperoxidase (2.5 mg/ml), 1 {£ of hydrogea peroxidase (0.88

mM), and 2 pi of mercaptoethanol. The mereaptoethsaol was added in order to

avoid unwanted oxidative damage of somatomedin A. Alter the addition of 500 pi

of 0.05 M phosphate buffer g«H 7=4) eo»*taiei£g 1 % of humais albuaiiH the mtetare
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u 4 Fig. 2.

Get chrotnatography of iodination
mixture of 125i_Somatomedin A
on a column of Sephadex G50
(0.83 x 52 cm), equilibrated with
0.02 M HCl.

was applied to a column of Sephadex G 50 (0.83 x 52 cm), equilibrated with 0.02

M HCl in order to separate ' " 1-somatoinedin A from free iodide and any dam-

aged aggregates (Fig. 2). The pH of the fractions was adjusted to 7.4 and human

albumin was added to a final concentration of 1 %.
125The I-soinatomedin A I and n were fui*ther purified utilizing their affinity

to human placenta! membrane; I-somatomedin A (6 x 10 CPM) was bound to

the placenta! membrane (10 mg/ml) by incubation at 24°C for 15 min. The mem-

brane, separated from the supernatant by eentrifugation (6 000 g, 10 min), was

re-suspended in 0.1 M acetic acid. About 90 % of the bound radioactivity was re-

leased into the medium. The supernatant was separated from the membrane by

centrifugation and applied to a column of Sephadex G 50, equilibrated with 1 M

acetic acid. The fractions containing labelled somatomedin A were adjusted to
125pH 7.4 with 0.05 M Tris-base. This purified l-somatomedin A was kept

frozen in small aliquots until thawed prior to use. Under these conditions, it

could be used for at least two months. Somatomedin A in was used directly after

labelling.

Insulin and somatomedin B were iodinated to a specific activity of 50-80

per pg according to the method of Thorell & Johansson (1971).

E. I n c u b a t i o n p r o c e d u r e

Incubation was performed in 0.05 M Tris-HCl buffer, pH 7.4, containing 1% of

human albumin. The assays were carried out in siliconized glass tubes (10 x 55

mm) containing 0.6—10 \A of reference serum or unknown serum, or hormone

standard dissolved in buffer to a volume of 100 \A, 100 [A of labelled hormone

(0.3—0.5 ng/IQO «il), and 100 f£ of human placenta! iaembraae {protein con-
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centration 90 -150 Hg/100 Hi). After 16 h of incubation at 4°C, 0. 7 ml of ice-

cold buffer was added, and the tubes were centrlfuged at 6000 g for 10 mIn at

4°C. The supernatant was removed and the pellet washed with 1.0 ml of buffer.

After re-centrifugation and removal of the supernatant, the tubes were inverted,

and remaining supernatant removed by rolled filter paper. The membrane-bound

labelled hormone in the pellet was counted in a well-typo gamma spectrometer

(Packard Autogamma Counter). Note t h a t n o n - a p e c i f i c b inding has

not been s u b t r a c t e d .

Maximum binding was obtained In 16 hours at 4°C. CaClg, MgSO,, and EDTA

in concentrations between 0.2S and 5 mM did not significantly influence the bind-

ing. The binding of " I-somatomedin A to placental membrane occurred over a

broad range of pH, and little difference in the binding was noted over a pH range

of 5.0 to 8.0. All subsequent experiments were performed at pH 7 4.

F . S t a t i s t i c a l a n a l y s i s

Common statistical methods were used. Student's t-test was applied when sig-

nificances were determined. For the quantitative determination of somatomedin

A, a symmetrical 4-point design was used with two serum volumes of the local

reference serum and of the unknown serum. Pooled serum from 800 blood do-

nors was used as an arbitrary reference. One unit (U) of somatomedin A is here

defined as the content in one ml of this serum. In each assay, the volumes of

serum were chosen so that the same ratio, usually 4.0, was obtained between

the volumes of the unknown and between the volumes of the reference serum.

Each of the serum doses was determined by triplicates. The parallelism, po-

tency difference, precision X (= standard error/slopes of curves), and 95% of

fiducial limits of the estimated somatomedin A potencies were calculated as

previously described (Hall 1970). The values not fulfilling the criteria of paral-

lelism and linearity were rejected.

G. Other p r o c e d u r e s

hGH in plasma was determined by radioimmunoassay according to Cerasi et al.

(1966), insulin by the double antibody technique of Hales & Handle (1963), som-

atomedin B by radioimmunoassay (Yalow et al. 1975), T3 and T4 in plasma by

radioimaiunoaasay according io Ljunggren et at. (1975), and somatomedin A

activity by using embryonic chick cartilage (Hall 1970).
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The protein content of membrane preparations was determined by the method

of I,owry et al. (1951) with bovine albumin as standard. Bovine and human albu-

min were received from Sigma (Fraction V) and AB Kabi, respectively.
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RESULTS

A. Binding of s o m a t o m e d i n A

to m e m b r a n e s from v a r i o u s

t i s s u e s

The limited availability and the difficulties in retaining the biological activity of

pure somatomedin A led to the use of three different somatomedin A prepara-

tions (I. II, and IH). Somatomedin A i, which was less pure than the others, re-

tained biological activity during storage for more than one year and was there-

fore used as a reference.
125AH three somatomedin A preparations were labelled with Na I using the

sama procedure. After labelling, somatomedin A HI could be used directly in

binding studies. Its binding to placental membrane was a saturatabte process

with respect to membrane concentration in the medium, and there was an in-

crease in binding up to a membrane concentration of 900 f<g prr>*~_m per ml (Pig.

3). The initial percentage binding of both labelled somatomedjj A I and II to

membrane was low. The difference in initial binding between labelled somato-

medin A II and III probably reflected changes occurring in the biologically active

part of somatomedin A II during purification and storage. The proportion bound

ID 1.9 J«

HKHStUHt PftOTEIK. mjfml

10c

Fig. 3. Per cent binding of I-aomatomedin A m to placsatal mem-
brane with increasing amounts of membrane protein in the medtum.
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radioactivity of somatorr»edins A 1 and n increased ten times after purification

on membrane (Paper III). The finding that the peptide, purified on membrane,

stimulates thd uptake of sulphate into chick cartilage speaks in favour of iden-

tity between the peptide with specific binding sites on placental membrane and

Homatomedin A. The labelled somatomedins A I, fl, and HI were used in the

studies described in Papers IV, fl—III, and V, respectively,

The labelled somatomedin A preparations bound to cartilaginous pelves from

chick embryos as well as to membranes prepared from tnis tissue. Membranes

from chick cartilage at concentrations of 500 ^ and i 000 pg protein per ml

bound 14% and 19% of total radioactivity, when using the membrane purified
125 125

1-somatomedAn A I. I-somatomedin A also bound specifically to mem-

branes prepared from various tissues from rat and monkey, such as lung, kid-

ney, liver, brain, thytnus, spleen, pancreas, heart, and fat (Paper IV). The

percentage bound radioactivity varied from 5 tn 15% between membranes from

different tissues at a membrane concentration of 500 fjg protein per ml. The

highest binding was obtained in human placental membrane (Paper 1H). Using

placental membrane in a concentration of 500 (jg protein per ml, 25 % of total
125

radioactivity was bound. The I-somatomedin A bound to membranes from
different tissues was readily displaced by the unlabelled somatomedin A. In all

instances, somatomedin A in physiological concentrations (0.01-5 U/ml) caused

a significant displacement.
125

The displacement of I-somatomedin A m by cold somatomedin AI at differ-

ent membrane concentrations is shown in Fig. 4. Decreased amounts of mem-

brane increased the sensitivity of the assay, but concomitant reduction of bound

radioactivity diminished the precision of the determination. Therefore, 300—500

yg membrane protein per ml were chosen in subsequent studies.

W1 » ' K?

50HAT0ME0IK A, nf/mi

Fig. 4.

The displacement of 125I-somatomedm A HI
bount to placenta! membrane by increasing
amounts of somatomedin A I at three differ-
ent membrane concentrations. Placental mem-
brane at a final protein concentration ofl.5ing
(9 »), 0.5 mg {« • ), and 0.165 mg
(• • ) per ml were used. The 125l-som-
atomedin A bound is expressed in per cent of
maximum binding. The bars indicate ± SEM.
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Fig. 5.
125*The displacement of I-somato-

media A II bound to placental
membrane (430 yg protein/ml)
by increasing amounts of som-
atomedin A I ( o - - - o ) and som-
atomedin A II (• • ). The
125i_8Omatomedtn A bound is
expressed in per cent of maxi-
mum binding.
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SOMAIOMEOIN A, ng/ml

Fig. 6.

The displacement of I-somstomedin
A EQ bound to placental membrane (430
fjg protein/nil) by increasing amounts
of somatomedin A I (o o) and
somatomedin A ID (• • ) . The bars
indicate ± SEM.

Since human placental membrane was rich in binding sites for somatomedin

A, this membrane was used in the more extensive studies. The interaction of

somatomedin A with plasma membrane is a complex phenomenon, involving at

least two processes — degradation and binding to receptors. Degradation of

somatomedin A must be accounted for when measuring the interaction between

somatomedin A and its binding sites in particulate plasma membrane at tem-

peratures above +4°C. The degradation of somatomedin A by membrane was not

significantly inhibited by peptides such as ACTH, proinsulin, calcitonin, and

the antibiotic bacitracin, or by p-chloromercuribenzoic acid. As shown in Paper

TTT, about 40% of I-somatomedin A were degraded at 37°C. However, this

degradation was less than 10% at +4°C, and the assays were consequently per-

formed at this temperature.
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Fig. 7.

Affinity constant and binding sites. The ratio bound/free of
^Sj-Bonaatooiedjn A SI is plotted as a function of the som-A SI is plotted as a function of the som-
atomedin A bound according to the method of Scatchard (1949).
Plaeental membrane at a final concentration of 0.43 mg p<
ml were incubated for 16 h at +4°C. Points shown ( • ) re-
present bound/free ratios actually obtained. The high-affinity
sites are represented by the line with the greater slope. -
The calcu'.^tsd equation was:

-^ = -3 .6 x 108 (moles bound somatomedin A) +0.05

B. Spec i f i c i t y of the b ind ing
of s o m a t o m e d i n A to m e m b r a n e

125The X-somatomedin A bound to placental membrane was readily displaced by

all three somntomedin A preparations (I, n, and HI). Somatomedin A n and m

were not available at the same period of time and, therefore, their capacity to
125displace I-somatomedin A from its binding sites was compared with that of

somatomedin A I. As shown in Fig. 5, somatomedin A U per ng was equally

potent as somatomedin A I. The dose-response curves between the displace-

ment and the logarithm of dosage between 40 ng and 1000 ng per ml were linear.

The results were identical using either labelled somatomedin A I or n. The dis-

placement curve obtained with somatomedin A in was linear in the range of 0.1

ng to 400 ng per ml (Fig. 6). By comparing the dosages of somatomedins A HI
125

and I required for 50 % displacement of bound I-somatomedin A in it was ob-

vious that somatomedin A En was 20 times more potent than somatomedin A I.
125Similar potency ratio was obtained utilizing I-somatomedin A I. The ability

of the three somatomedin A preparations to cause displacement was in propor-

tion to the respective biological activity, as measured in the chick bioassay.

The Scatehard plot of the binding of somatomedin A HI to placental membrane

disclosed more than one binding site (Fig. 7). Assuming two binding sites, the
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8 - I
calculated apparent high-affinity constant was 3.6 x 10 M . and there were

_9
1 1 x 10 * moles of binding sites per mg of membrane protein. The correspond-

n 1 g

ing values found using somatomedin A II were 2.7 x 10 M and 1.9 x 10

moles of binding sites per mg of membrane, respectively (Paper III). Thus, by

using a preparation with high biological activity, the calculated apparent affin-

ity constant value increased tenfold.

The polypeptide somatomedin C competed with somatomedin A for its bind-
125

ing sites on placentai membrane- The displacement of 1-somatomedin A III
by somatomedin C and somatomedin A I are compared in Fig. 8. The dose-

response curves are parallel, and somatomedin C was eight times more potent
125

per ng than somatomedin A 1 in displacing bound I-somatomedin A. Prom
the dosages of somatomedin C, somatomedin A 1, and somatomedin A III re-

quired for displacement, it can be concluded that somatomedin C was nearly as

potent as pure somatomedin A III.
Porcine insuiin in high doses could displace I-somatomedin A from its

binding sites (Papers m, IV). The doses of insulin required for 50% displace-
ment of I-somatomedin A varied from tissue to tissue, but in all instances
it was necessary to use more than 25 mU of porcine insulin per ml (Papers HI,
IV). As pointed out in Paper III, porcine insulin per ng was about 100 times less

125
potent than somatomedin A II in displacing I-somatomedin A bound to pla-
centai membranes.

Porcine insulin, porcine proinsulin and nerve growth factor could in high
doses compete with the binding of somatomedin A to placentai membrane (Fig.

4 69). Porcine calcitonin in high doses, 10 -10 ng per ml, also induced a dose-125dependent displacement of I-somatomedin A from its binding sites. Table 1
shows the dosages required for 50 % displacement. The potency difference be-
tween somatomedin A m on one hand, and somatomedin C, porcine insulin, por-
cine proinsulin, nerve growth factor, and porcine calcitonin on the other hand,
can be expressed by the ratios 1/2.5, 1/700, 1/1700, 1/7000, and i/17000,
respectively. Other hormones and factors such as somatostatin, somatomedin
B, fibroblast growth factors, hGH, and ACTH did aot interfere with the bind-

125
ing of I-somatomedin A when used in concentrations of 3, 10, 11, 14, and
700 fig/ml, respectively (Table 1). Similar results were obtained with porcine
insulin and the other hormones using membranes from tissues other than human
placenta (Paper IV).

1 ng?

The binding of I-somatomedin A to various membranes differed from that

to particuiate substances such as talc, quoso, and charcoal. The latter binding

was non-specific: firstly high doses of somatomedin A were necessary for
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10' 10' 101

H0RMOH6 ng/ml

Fig. 8.

The displacement of ^^[-somatomedtn A
III bound to placenta! membrane (300 j4j
protein/ml) by increasing amounts of som-
atomedin A I (o o ) and somatomedin
C {» • ) .

HORMONE, ng/ml

Fig. 9.

The displacement of 12Si-somatomedin A III bound to placental mem-
brane <300 j/g protein/ml) by increasing amounts of soniatomedin A I
(o o ), porcine insulin (« • ) , porcine proinsulin (Q Qh
and nerve growth factor (NGF) (B «)•

displacement, and secondly several smr-ll unrelated peptides could cause dis-

placement (Paper IV).



Table 1.

Specificity studies of the placental
somatomedin A binding sites

Hormone

C o m p e t i t i v e

Somatomedin A I
U

III

Somatomedin C

Porcine insulin
Porcine proinsulin
Nerve growth factor
Porcine calcitonin

N on c o m p e t i t i v e

Somatostatin
Somatomedin B
Fibroblast growth factor
faGH
Bovine ACTH

Concentration, ng/ml

300
300

15

40

10 x 103

25 x 103

100 x 103

250 x 103

3 x 103

10 x 103

11 x 103

14 x 103

700 x 103

% or initial binding

SO
50
50

50

50
50
50
50

100
100
100
100
100

C . B i n d i n g of i n s u l i n to m e m -

b r a n e s , w h i c h h a v e b i n d i n g

s i t e s f o r s o m a t o m e d i n A

125 1 ?*»

Only 3.7% of I-insulin bound to membrane from chick carti lage. l-iusu-

lin bound specifically to membranes from several tissues (Papers EH, IV). In

comparison with somatomedin A, the labelled insulin showed a more pronounced

organ upecifieity (Paper IV). The highest binding was found in human placental

membrane. At a membrane concentration of 500 jjg protein per ml, 25% of total

radioactivity was bound to placental membrane. The bound I-insulin was

readily displaced by insulin. TheScatchard plot revealed more than one binding

site. The calculated apparent high-affinity constant was 3.8 x 108 M" 1 , and
—9 ~

t h e r e were 5 . 4 x 1 0 moles of binding s i t e s p e r mg of m e m b r a n e pro te in ( P a p e r
III). These values were of a similar order as those obtained for somatomedin A.

125
The bound I-insulin was also displaced by somatomedin A. Using placental

membrane, 20% and50%displacement were obtained by somatomedin AI at con-
centrations of 2jug/ml(0.4U/ml)andl70{4g/ml(34U/ml), respectively, Similar
results were obtained witi membranes from kidney, lung, and heart from rat
and monkeys (Paper IV).
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Fig. 10.

Gel chromatography of 25 ml acromegalic serum on Sephadex G200
(5.0 x 66 cm) equilibrated with 0.05 M Tris-HCl buffer, pH 7.4 at
+4°C; the somatomedin A was determined by radioreceptor assay
and somatomedin B was determined by radioimmunoassay.

D. D e v e l o p m e n t of a r a d i o r e c e p t o r

a s s a y for s o m a t o m e d i n A in s e r u m

Normal human serum in concentrations of 0.2—100 jil/ml induced a dose-depend-
125ent displacement of I-somatomedin A bound to placental membrane (Paper

HI). The regression line between the displacement and the logarithm of the se-

rum dosage was linear and parallel to that of somatomedin A E. However, se-

rum was twice as efficient in displacement than was expected from its content

of somatomedin A, determined by bioassay (Paper III). Somatomedin A added

to human serum was recovered to 100% in the radioreceptor assay. Therefore,

an eventual binding of somatomedin A to proteins present in serum did not saem

to interfere with the determination.

Serum from an acromegalic patient was purified by gel chromatography.

Twenty-five ml of serum were applied to a column of Sephadex G 200 (5.0x66
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Table 2.

Quadruplicate assay of human serum samples

with tow and high somatomedin A levels

Diagnosis SomatonT>din A, U/ml

1

0.31
0.13

1.75
2.64

2

0.31
0.13

1.78
2.48

3

0.
0.

2.
2 .

21
12

42
86

4

0. 12
0.19

2.49
1.95

Pituitary dwarfism

Acromegaly

cm), equilibrated with 0.05 M Tris-HCl buffer. pH 7.4. Fractions of 14.5 ml

were collected at a flow rate of 1.43 ml/cm /h, and absorbance determined at

260 nm. Fractious were pooled before the determination of somatomedin A by

the radioreceptor assay and somatomedin B by the radioimmunoassay (Fig. lu).

Most of somatomedin B, determined by radioimmunoassay was found near Voas

earlier described (Yalow et al. 1975). Original serum contained 2.07 U/ml and

the total recovery of somatomedin A over the column was 87%. All somatomedin

A determined by the radioreceptor assay was recovered in the high molecular

range, and no somatomedin A was detected in the rauge of 7 000 . At least

two peaks of somatomedin A were found, a major peak at Kd 0.30 and a minor

one at Kd 0.60. This finding was in accordance with earlier results obtained bj

bioassay (Van Wyk et al. 1971). It has not been shown whether the part of these

big molecules, which interacts with the binding site of somatomedin A, is iden-

tical with somatomedin A. Human serum albumin did not interfere with the bind-
125

ing of I-aomatomedin A in concentrations up to 30 mg/ml.

The limited availability of pure somatomedin A has necessitated the use of a

reference serum instead of somatomedin A in the determination of somatomedm

A in serum. This reference serum was identical with that used in the chick bio-

assay. It was defined as containing 1 U of somatomedin A per ml. When serum

and plasma from the same individual were compared in the radioreceptor assay,
125

plasma was more potent than serum in displacing I-somatomedin A from its

binding sites. Addition of heparin to the serum sample increased its potency.

Furthermore, heparin itself caused displacement, and 40 IE heparin per ml dis-

placed 50% of total radioactivity. This effect has not yet been explained. There-

fore, the determination of somatomedin A was performed using serum.

The lowest concentration of normal serum required for a significant displace-

ment of bound I-somatomedin A was 0.02%. Since the assay was performed
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Level of somatomedin A
in serum from different
animals In comparison
with that of human serum.

as a 4-polnt assay in triplicate at each dose level, the lowest amount of serum

necessary for detection was 3 y\. In routine assays 40 1̂ serum were used. The

index of precision used was the X value. The mean X values with serum from pa-

tients with GH deficiency, normal adults, and patients with aeromegaly were

0.08, 0.10, and0.12, respectively (Paper V).

In order to determine the inter-assay variation of the determinations, serum

from four subjects was assayed four times at two-day intervals (Table 2).

Two-way variance analyses disclosed a significant difference between the serum

s a m p l e s (F = 66.42) but not between the a s s a y s (F = 0.50). Furthermore

one serum, when determined in seven consecutive assays, gave the mean value

0.53 + 0.03 U/ml with SD0.08 U/ml (16%).

The range of somatomedin A levels in serum from normal subjects aged

19-25 years was 0.67 to 1.70 U/ml giving the mean and SD 1.08 ± 0.08 U/ml

and 0.34 U/ml, respectively (Paper V). Somatomedin A was also detectable in

serum from different animals such as rat, guinea pig, rabbit, monkey, sheep,

dog, pig, cow, and horse. The dose-response curves of serum from those ani-

mals were parallel to that of the reference serum. The highest value of somato-

medin A (5.6 U/ml) was found in the rat. The somatomedin A levels decreased

with increasing size of the animal species (Fig. 11).

E. G r o w t h - h o r m o n e d e p e n d e n c e

of s o m a t o m e d i n A

As pointed out in Papers n, in, and V, serum from patients with GH deficiency

was leas potent in displacing I-somatomedin A than serum from patients with

acromegaly. The level of serum somatomedin A in 17 patients with GH deficiency



ranged from 0. 26 to 0. 56 I /ml with a mean of 0.44 ±0.03 U/ml. The corre-

sponding values found in 21 patients with acromegaly wore 1.44 to 7.70 li/ml

and 3.02 ± 0.33 U/ml, respectively. No correlation was found in the acromeg-

alies between the values of somatomedin A and Immunoreactive hGH (Paper V).

Six of the patients with acromegaly, subjected to transsphenoidal hypophys-

ectomy, svere followed by blood sampling one day before operation and 24 hours

and 4-6 days thereafter As seen from Fig. 12, the level of somatomedin A de-

creased In five of the six patients, and post-operatively these five had values

below the upper limit of the normal range. The only patient with an unchanged

level of somatomedin A was not improved by the operation, and the hGH levels

remained high. If this patient is excluded from the mater al, the mean decrease

in somatomedin A levels 4-6 days after operation was 75% (J? < 0.01).

Intravenous infusion of hGH for 2 hours (15 fjg/kg/h) to three pituitary dwarfs

was accompanied by a slight but significant increase In the somatomedin A level

2-3 h after the start of the infusion (Fig. 13).

F . L e v e l s of s o m a t o m e d i n A

in s e r u m f rom d i f f e r e n t

g r o u p s of p a t i e n t s

In serum from children below two years of age, the values of somatomedin A

were significantly lower than those of normals, aged 19-25 years (Paper V).

Out of subjects above 11 years old low levels of serum somatomedin A were

found only in those with pituitary dwarf ism and Laron dwarf ism. Patients with

Turner's syndrome and primary hypothyroidism had normal levels. The means

were 1.13 ± 0.06 and 0.96 ± 0.09 U/ml, respectively. Increased values with

a mean of 1.88 ± 0.22 U/ml were found in serum from uraemic patients.



BEfORE
Of"

2th *FtE»
OP

i - i OAVS

AFTER OP

Fig. 12.
Levels of somatomedin A in serum (Left) and hGH in plasma
(right) in six patients with acromegaly before, 24 hours and
4—6 days after hypophysectomy.
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Fig. 13.
Intravenous hGH infusion (15 ̂ g/kg/h) for 2 hours in three
patients with pituitary dwarf ism. hGH in plasma was shown
in the tipper part. Percentage changes in serum somato-
medin A was shown in lower part. The mean of the three
basal values was taken as 100 % in each patient. The bars
indicate± SEM. - * = P > 0 . 0 5 , ** = P > 0 . 0 1 , *** =
P > 0.001 when compared with the three basal values.



DISCUSSION

The present investigations have led to the development of a radloreceptor assay

for somatomedla A in human serum. This method has to fulfil a number of

criteria In order to be suitable for its purpose.

A prerequisite for the action of a polypeptide hormone is the interaction be-

tween the hormone and its binding sites on the cell surface (Roth 1973). The tis-

sue to be used in the assay for somatomedin A should have receptors with a high

affinity for this 'actor. Somatomedin A is characterized by its biological action

in chick cartilage but this tissue, for practical purposes, cannot be used in a

radioreeeptor assay. On the other hand, it could be used for testing whether

iodination interfered with the binding of somatomedin A to this tissue. Iodinated

somatomedin A was found to bind specifically to both cartilaginous pelvis and

partic-ulate membrane prepared from this tissue. It could therefore be assumed

that labelled somatomedin A was indeed suitable in the search for tissues with

high affinity binding of this factor.

A number of tissues from rat and monkey were used for this purpose. Bind-

ing sites were found on membranes prepared from kidney, lung, testis, spleen,

fat, pancreas, brain, liver, thymus, and heart (Paper IV). The only human tis-

sue studied was placenta which turned out to be exceedingly rich in such binding

sites, much more so than the above tissues. It was therefore decided to use

human placenta in the development of the radioreceptor assay (Papers II, HI).

The same tissue has simultaneously been used for a radioreceptor assay for

somatomedin C (Marshall et al. 1974; Van Wyk et al. 1975; Van Wyk & Under-

wood 1975).

The interaction of somatomedin A with particulate plaoental membrane was
studied in steady-itate conditions. Although this membrane was shown to pos-

12ii
sess somatomedin A degrading activity, almost all of I-somatomedin A re-

mained intact under standard assay conditions at +4°C. The bound labelled som-

atomedin A was displaced by cold somatomedin A in the concentrations 10~ to

6 x 10" M ^0.0025-1.44 U/ml). The Scatchard plot revealed more than one bind-

ing site. Assuming two binding sites, the apparent calculated association constant
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for the h igh-a f f in i ty b ind ing of s o m a t o m e d i n A was 3 .6 x 10 M with 1. 1 x JO

moles of binding sites per mg of membrane protein. These values are similar

to those found in the present study and by others for the binding of insulin to

human pi aeental tissue (Haour & Bert rand 1974; Poaner 1972, 1974; Marshall

et al. 1974).

Somatomedin C was found to be nearly as potent as somatomedin A in dis-

?'o"ing labelled aomatomedin A from its binding sites. However, up to the time

of writing &.» chemical data have been available for somatomedin C and it is not

known whether somatomedln A and somatomedin C are two different substances

present ii> serum or if they are derived from the same protein during the purifi-

cation procedure. This question cannot be answered until the amino-acid se-

quences of both factors have been established. Both somatomedins A and C have

been ehowtt to possess a number ol insulin-like activities including stimulation

of glucose uptake and inhibition of glycerol release by epididymal fat from rats

(Hall & Uthne 1971; Underwood et al. 1972; Werner et al. 1974; Clemmons et

al. 1974, Hall & Van Wyk 1974).

Insulin at high concentration (about 10 mU/ml) could compete with somato-

medin A for the placental membrane binding sites (Paper III). However, this

concentration is far above the physiological range in peripheral blood. Other

hormones and hormone-like factors such as proinsulin, nerve growth factor,

and calcitonin also interfered with the binding of somatomedin A, but again only

in high concentrations. All three of these substances have structural similari-

ties with insulin (Frazier et al. 1972; Weinstein 1972). Hormones structurally

unrelated to insulin such as somatomedin B (Fryklund, unpublished data), hGH,

somatostatin, ACTH, and fibroblast growth factor did not compete for somato-

medin A binding sites.

In conclusion, the binding of somatomedin A to placental membrane seemed

to fulfil tLB criteria of specific binding such as specificity, high affinity, and

reversibility.

The applicability of the radioreceptor assay to human serum was tested in

a number of ways. Serum caused a dose-dependent displacement of labelled

somatomedin A, and the dose-response curve was parallel to that of somato-

medin A (Paper HI). Furthermore, addition of somatomedin A to serum gave

the expected recovery which may exclude interference of binding proteins. How-

ever, the ratio between the potencies of serum and purified somatomedin A was

twofold higher in the radioreceptor assay than in the chick bioassay. One pos-

sible explanation of this finding is that other serum factors could interfere with

the binding of labelled somatomedin A. Furthermore, serum could contain
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factors which inhibit the aulph;Ue uptake bv cartilage in the Monss-.u 'I'ho iw-cur-

rence of such inhibitory serum factors has been suggested l>v Salmon (1972, 1975).

This hitter suggestion is supported hv the finding that the total recovers of som-

atomedin A after gel chromatogruphv of serum was 87% when determined hv the

radioreceptor assay but more than 100 ? when determined hv hious.iav, an uar-

lier reported by Van VVvk ot al. (19fiO). Thus, the hioassny niav underestimate

the content of somatomodin A in serum.

After separation of serum by gel ehromatographv at neutral pH. nil arthitv

measurable by the radioreceptor assay was recovered in the high molecular

range, above 50 000. and none in the molecular range of somatomedin A (7 00<M.

This observation is in accordance with earlier results obtained by bioassav

(Daughaday & Kipnis 1968; Van Wyk el al. 1969. 1971, Van den Brande et al.

1971; Hall 1972). The finding of big molecules — "big" somatomedin A - react-

ing in the radioreceptor assay might be explained by the attachment of somato-

medin A to a carrier protein (Hall 1972; Hintz et al. 1974). Other possible ex-

planations are that "big" somatomedin A represents a prohormone or that other

serum proteins cross-react with somatomedin A in the assay.

In the light of the above finding of "big" somatomedin A, it may be questioned

whether the radioreceptor assay indeed can be used for the measurement of som-

atomedin A in human serum. In this connection it is of importance that serum

from acromegalic patients was six times more potent in the displacement of

labelled somatomedin A than serum from patients with GH defieiency (Papers

II, III, V). Furthermore, a significant decrease in somatomedin A in serum was

observed in acromegalic patients after successful transspheaoidal hypophysectomy.

In addition, low values were obtained in patients with probable deficiency in the

generation of growth-promoting factors, so called Laron dwarfs (Paper V). These

patients present the classical appearance of pituitary dwarfism in spite of high

immunoreactive hGH levels in serum (Laron et al. 1866, 1968, 1971; Van den

Brande et al. 1974a). Low values for somatomedin in serum were also demon-

strated in such subjects by bioassay methods (Daughaday et al. 1969; Van den

Brande and Du Caju 1974, Daughaday 1975). All these findings in human subjects

demonstrate clearly that the radioreceptor assay indeed measurss growth-pro-

moting factors in serum.

The low levels of somatomedin A in children below two years of age were some-

what surprising (Paper V). It is true that this result is in agreement with that ob-

tained with bioassays (Almqvist & Rune 1961; Kogut et al. 1963; Van den

Brande & Du Caju 1974; Binet et al. 1974; Van den Brande et al. 1975), but any-

how decreased levels of somatomedin A in children during this period of rapid
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growth a IT nut consistent with the role of somalomedln A aa a growth-promoting

factor. One possible explanation of this observation might be that the radiore-

ceptor assay also nieatiuress other factors than somatomedms A and C and that

one such factor which may be of lesser importance for growth, is present in the

aorem of older children and grown-ups. Another possibility is that some growth-

promoting factor present during the first years of life is not measured by the

radio receptor assay and bioassay. Thirdly, increased cell responsiveness, in-

cluding increased amounts of binding sites on the cells, during the early period

of life might explain rapid growth In spite of low levels of somatomedin A. As

shown earlier, cartilage from young rats is more sensitive to the stimulatory

effect of serum than that from old rats (Helns et al. 1970).

As already mentioned, acromegalic patients showed high serum levels of

somatomedin A, but increased levels were also obtained in serum from uraemic

patients (Paper V). On the other hand, somatomedin in serum measured by bio-

assay was significantly decreased in children with chronic renal failure (Saenger

et al. 1974). Taken together, these data suggest that serum from uraemic pa-

tients contains some inhibitory factor that interferes with the bioassay but not

with the radioreceptor assay. Such an inhibitory frf.:tion has been demonstrat-

ed in uraemia (BoSovid et al. 1974). In this context, it is of interest that addi-

tion of plasma from malnourished children and from starved rats to normal

plasma induced a reduction of its effect on sulphate incorporation into cartilage

(Salmon 1972; Van den Brande & Du Caju 1974).

It has been demonstrated earlier that the radioimmunoassay for somatomedin

B only measured this factor in serum from humans and some monkeys but not

from other species (Yalow et al. 1975). This was not the case with the radio-

receptor assay for somatomedin A. Thus, serum from various animals gave

displacement curves which were parallel to that of human serum. The level of

somatomedin A increased with decreasing size of the animal species. The lack

of species specificity of somatomedin A is in accordance with earlier findings

showing that, serum from various animals stimulated sulphate uptake of human

cartilage (Van den Brande 1973; Van den Brande et al. 1974b).
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V O N C L U S I O N

Specific binding sites for somatcmedin A were not only found on coll membrane

from chick cartilage, the target tissue in bioassay. but also on membrane from

several other tissues from rat and monkev. The highest binding was observed

on human placental membrane. The calculated apparent affinity constant for sorn-
H — 1 0

atomedin A in this tissue was 3.6 x 10 M with 1.1 x 10 moles of binding

sitet. per mg of membrane protein. Somatomedin C was nearly as potent as som-

atomedin A (3 600 U/mg) in displacing labelled somatomedin A from its binding

sites. InsuHn and insulin-related polypeptide hormones in high doses could com-

pete with somatomedin A for its binding to the membrane.

A radioreeeptor assay for somatomedin A was developed utilising human

placental membrane. This assay method is more sensitive and simpler than the

chick bioassay aad requires only 40 (jl of serum. It is not species specific. The

level of somatomedin A in serum from different animals decreases with increas-

ed size of the animal species.

The level of somatomedin A was elevated in serum from patients with acro-

megaly, decreased after hypophyseetomy, and was low in serum from patients

with GH deficiency. It was therefore concluded that purified somatomedin A is

a GH dependent factor. On the other hand, although the radioreeeptor assay pre-

sented here measures somatomedin A, it cannot be excluded that it also deter-

mines other growth-promoting factors so far unknown.
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