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Abstract. Three Laron Syndrome (LS) siblings with a post growth hormone (GH) re- 
ceptor defect for insulin-like growth factor-l (IGF-I) synthesis were found to have 
serum GH-binding protein (GHBP) levels normal for age. Treatment with recombinant 
IGF-I (150 pg/kg/day) decreased serum GHBP activity to 62% of the basal value (P < 
0.001) in two of the sibs in 1 week and in the third sib after 3 months of therapy. 
Scatchard analysis of the binding of [1251]h~man GH (hGH) to GHBP in patients’ sera 
before and during therapy revealed affinity constants K, = 1.55-1.80 x loQ W1, sim- 
iiar to that of sera from healthy subjects. Variations in binding are due to changes in 
the binding capacity. IGF-I may be a regulatory factor for serum GHBP activity in man. 
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atients with Laron Syndrome (LS) have high 
circulating levels of growth hormone (GH), low P levels of insulin-like growth factor-I (IGF-I), 

and are unable to generate IGF-I in response to exog- 
enous GH because of defective GH receptors (1). The 
molecular defects identified so far in this disease are 
predominantly located in the extracellular domain of 
the GH receptor (2, 3). 

High-affinity serum GH-binding protein (GHBP), 
which is structurally identical to the extracellular do- 
main of the GH receptor (4), is indeed absent in LS 
patients (5). A comprehensive study demonstrated 
that 32 out of 35 LS patients studied by us had very 
low or undetectable levels of GHBP activity (6). How- 
ever, in three prepubertal siblings with the LS pheno- 
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type, GHBP was present at levels which were normal 
for age (7). 

Laron syndrome children with normal GHBP lev- 
els have also been described by others @), and a defect 
in the transmembrane or intracellular domain of the 
mechanisms has been surmised. We report herein the 
effect of treatment with IGF-I on serum GHBP activ- 
ity in three LS siblings with normal GHBP. 

Subjects and Methods 
Patients. Two males, aged 3 and 10.5 years (Sib 1 

and 3) and a 4.5 year old female (Sib 2) were investi- 
gated. Upon referral there was severe growth retarda- 
tion, height SDS being -5.2 (Sib 1) and -4.6 (Sib 2 
and 3). They displayed typical LS characteristics: obe- 
sity, frontal bossing, saddle nose, and high-pitched 
voice. The diagnosis was made on the basis of high 
plasma GH levels and very low serum IGF-I levels 
which failed to rise during 7 days of GH administration 
(0.1 U/kg/day). A full description of the patients, and 
the detailed investigations which led to the conclusion 
that their disease was due to a post-GH-receptor de- 
fect appears elsewhere (7). The LS patients were 
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treated by recombinant IGF-I (FK 780) (Fujisawa 
Pharmaceutical Co. Ltd., Osaka, Japan), administered 
sc (150 pg/kg/day). Blood was drawn after an over- 
night fast. 

Assays. GHBP was assessed as previously pub- 
lished (9). Serum (100 pl) was incubated with 
['251]hGH (-25,000 cpm) (23"C, 16-20 hr) in the ab- 
sence and in the presence of excess unlabeled recom- 
binant human GH (hGH) (rhGH, Novo/Nordisk, Gen- 
tofte, Denmark) in a total volume of 250 pl. Bound and 
free hormones were separated on Ultrogel AcA44 col- 
umns (0.9 x 18 cm). GHBP activity in unknown sera 
was expressed as the percent specific binding relative 
to that of an adult reference serum (%RSB). The in- 
terference of binding by endogenous GH was cor- 
rected by comparison with an inhibition curve estab- 
lished by adding increasing concentrations of rhGH to 
the reference serum. 

For Scatchard analysis, the concentration of unla- 
beled hGH was corrected by the addition of endoge- 
nous GH values in the sera. Interassay variability for 
sera with %RSB 31, 51.5, and 110 was ll.O%, 6.1%, 
and 6.0%, respectively. Plasma GH was determined 
by radioimmunoassay (RIA) using hGH-RP- 1 (NPA, 
MD) as standard. The sensitivity of the method was 
0.5 ng/ml; the intra- and interassay variability were 
12.5% and 16.5%, respectively. Serum IGF-I was de- 
termined by RIA after acid-ethanol extraction fol- 
lowed by cryoprecipitation. The RIA incorporated 
anti-IGF-I antiserum BO 1066s and recombinant IGF-I 
as the standard (Fujisawa Pharm. Co.). The sensitivity 
was 1.5 nmol/liter; intra- and interassay variability 
were 4.7% and 8.5%, respectively. 

Statistical Analysis. Results are given as the 
mean rt SEM. Comparisons were made using paired 
Student's t test. 

Results 
Prior to treatment, serum IGF-I levels ranged 

from 1.5 to 2.8 nmolhiter (normal values, age and sex 
matched: 1&25 nmoyliter). Four hours after injection, 
IGF-I levels reached a peak of 25-30 nmol/liter. Levels 
of GHBP activity and fasting GH before and during 
IGF-I treatment are shown in Table I. Basal GHBP 
values were within normal range for age. GHBP activ- 
ity was reduced to 62% of basal values (P < 0.001) 
after 1 week of therapy in Sib 1 and 3, and after 3 
months in Sib 2. Fasting GH levels decreased during 
therapy (Sib 1 and 2) or remained constant (Sib 3), but 
there was no consistent relationship between GHBP 
activity and GH levels. 

Scatchard analysis of the binding of GH to GHBP 
in sera from a healthy male adult and from Patient 3, 
before and after 1 week, are represented in Fig. 1 .  The 
plots are linear and give association constants (K,) of 
1.55-1.80 x lo9 M-'  for normal and patients' sera. 

Table 1. Serum GHBP (%RSB) and GH (ng/ml) in 
Three Laron Syndrome Siblings Before and 

During IGF-I Therapy 

Sibling 

1 2 3 

GHBP GH GHBP GH GHBP GH 

IGF-I 
treatment 

None 4 3 2 2  9 5 7 2 2  10 6 6 2 2  3 
l w e e k  27+2a 16 4 9 2 3  6 4 0 2 2 "  4 
3months 23 2 l a  5 37 2 2 "  6 54 2 l a  3 

P -= 0.001 treated vs untreated. Mean GHBP %RSB values were 
obtained from 4-9 determinations on each serum. Normal GHBP 
levels: 3-5 years, 60 -I 6; 6-10 years, 76 -I 5 (9). 

Bound nM 
Figure 1. Scatchard analysis of the specific binding of ['251]hGH 
to the GHBP in sera from Sib 3 before (open triangles) and after 
(closed triangles) 1 week IGF-I and a male adult (ref. serum) 
(open circles). The concentration of unlabeled hGH was cor- 
rected for by the addition of endogenous GH. K, values are listed 
in Table II. 

Table I1 presents the K ,  and binding capacities 
(BC) of sera from the LS siblings (including data from 
Fig. 1). It is evident that the K ,  of the LS patients' sera 
are similar to those of healthy controls and that the 
variations in GHBP binding are due to changes in the 
binding capacity. 

Discussion 
We have demonstrated that serum GHBP activity 

is reduced by the administration of recombinant IGF-I 
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Table II. Serum GHBP Activity, Binding Affinity (KJ, and Binding Capacity (BC) in LS Siblings and in 
Healthy Controls 

Serum IGF-I %S B” K, (xi09 ~ - 1 )  BC (nM) 

Sib 1 None 10.2 1.53 0.23 
Sib 2 None 13.5 1.75 0.25 
Sib 3 None 16.9 1.55 0.39 
Sib 3 1 week 9.7 1.80 0.13 
Sib 3 3 months 14.9 1.68 0.27 
Male (10 years) None 17.1 1.80 0.27 
Male (adult) None 25.1 5 0.9* 1.52 k 0.1 5b 0.58 k 0.02 

a GHBP activity is expressed as the Yo specific binding of [’251]hGH. 
* Three determinations. 

in three GHBP-positive LS patients. These changes 
resulted from a reduction in the binding capacity of the 
GHBP, whereas the binding affinity remained con- 
stant. These patients have typical clinical features of 
LS and extremely low IGF-I levels which are refrac- 
tory to exogenous hGH. Nevertheless, normal serum 
GHBP activity indicates that the extracellular portion 
of the GH receptor is intact, since GHBP is thought to 
be derived from the receptor (4). Moreover, the IGF- 
BP3 carrier protein, which is GH dependent, increased 
after hGH administration (7), suggesting normal func- 
tioning of the GH receptor signal for the synthesis of 
this protein. We have suggested that there exists a 
post-GH receptor defect mechanism for GH- 
stimulated IGF-I synthesis in these patients. 

The evidence that GH and/or IGF-I modulates 
GHBP levels in man is controversial (10). In normal 
boys, GHBP is inversely related to the 24-hr GH se- 
cretion rate (1 1). However, in children with idiopathic 
short stature (12), the low GHBP levels rose after GH 
therapy and were correlated to serum IGF-I (12). The 
response to GH treatment in GH deficient children has 
been variously reported as having no effect (13) or to 
elevate GHBP (14). 

On the other hand, active acromegalics have low 
GHBP levels which are partially reversed in those pa- 
tients responding to octreotide therapy by a decrease 
in IGF-I levels (15). 

Exogenous IGF-I may act directly on GHBP lev- 
els by inhibiting the “shedding” of GHBP from the 
receptor. Since GHBP is thought to be a measure of 
tissue GH receptors ( 5 ,  lo), it can be inferred that 
IGF-I causes down-regulation of the receptor itself 
which, in turn, limits GH action. Alternately, the ef- 
fect of IGF-I may be indirect, possibly via a decrease 
in GH secretion which occurs after acute (16) and 
chronic (17) administration of IGF-I in LS patients. 
While the mechanism of IGF-I action on GHBP is un- 
clear, the data presented in this communication sug- 
gest that IGF-I may participate in the modulation of 
serum GHBP in man. 
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