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Clinical features and growth hormone receptor gene mutations
of patients with Laron syndrome from a Chinese family
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Abstract:  Laron syndrome is an autosomal recessive disorder caused by defects of growth hormone receptor ( GHR)
gene. It is characterized by severe postnatal growth retardation and characteristic facial features as well as high circulating
levels of growth hormone (GH) and low levels of insulin-like growth factor I (IGF-I) and insulin-like growth factor binding
protein-3 ( IGFBP-3). This report described the clinical features and GHR gene mutations in 2 siblings with Laron
syndrome in a Chinese family. Their heights and weights were in the normal range at birth, but the growth was retarded
after birth. When they presented to the clinic, the heights of the boy (8 years old) and his sister (11 years old) were 80.0
cm (—8.2 SDS) and 96.6 cm ( —6.8 SDS) respectively. They had typical appearance features of Laron syndrome such
as short stature and obesity, with protruding forehead, saddle nose, large eyes, sparse and thin silky hair and high-pitched
voice. They had higher basal serum GH levels and lower serum levels of IGF-1, IGFBP-3 and growth hormone binding
protein( GHBP) than normal controls. The peak serum GH level after colonidine and insulin stimulations in the boy was
over 350 ng/mL. After one-year thGH treatment, the boy’s height increased from 80.0 c¢m to 83.3 ¢cm. The gene mutation
analysis revealed that two patients had same homozygous mutation of S65H (TCA —CCA) in exon 4, which is a novel gene
mutation. It was concluded that a definite diagnosis of Laron syndrome can be made based on characteristic appearance
features and serum levels of GH, IGF-I, IGFBP-3 and GHBP. The S65H mutation might be the cause of Laron syndrome in
the two patients. [ Chin J Contemp Pediatr, 2007, 9 (4) ;335 —338 ]
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Laron syndrome, also known as growth hormone in-
sensitivity syndrome, is a rare congenital disorder due
to defects of growth hormone receptor ( GHR) ( gene
bank number: 600649)"".

ized by severe postnatal growth failure and very low se-

It is clinically character-

rum levels of insulin-like growth factor-I (IGF-I) de-
spite increased secretion of growth hormone (GH). The

adult stature in the larger Ecuadorian cohort has been

reported to be 95-124 cm in females and 106-141 cm

2]

in males >, GHR gene was located at 5p12, and con-

sists of 10 exons. The 3-10 exons encode the mature

GHR protein "’

Laron syndrome have already been discovered, but there
[4,5]

More than 70 mutations related to

were few reports about this syndrome in China
This report described two patients presenting with a
typical Laron syndrome in a Chinese family carrying a

novel missense in exon 4 of the GHR gene.
Subjects and methods

Clinical materials

Patients The two patients with Laron syndrome
were siblings from a Chinese family. Their heights and
weights were in the normal range at birth. The growth
velocity declined obviously after birth. When they
presented to the clinic, the heights of the boy (8 years
old) and his sister (11 years old) were 80. 0 cm
(-8.2 SDS) and 96.6 c¢cm (-6.8 SDS) and the bone
age was 5 and 8 years according to Greulich & Pyle,
respectively. They had typical appearance features of
Laron syndrome such as short stature and obesity, with
protruding forehead, saddle nose, large eyes, sparse
and thin silky hair and high-pitched voice. There was
no family history of growth retardation. Their parents’
heights were in the normal range of Chinese adults (fa-
ther: 172 cm; mother: 152 cm).
Endocrine examinations

Serum GH and IGF-1 concentrations were measured
by enzyme immunoassay ( Syntron Bioresearch Inc and
Diagnostic Systems Laboratories Inc, respectively ).

Serum levels of growth hormone binding protein ( GH-

BP) and insulin-like growth factor binding protein-3
(IGFBP)-3 were measured using radioimmunoassay.
The boy's serum GH level was 319.1 ng/mL at base-
line and more than 350 ng/mL after colonidine and in-
sulin stimulations. The IGF-I level of the boy was 34.0
ng/mL. The girl's serum GH level was 24. 43 ng/mL
and the IGF-I level was 54.0 ng/mlL at baseline. Be-
cause of the family history, typical appearance features
and abnormal serum GH and IGF-I levels, the GH
stimulation test was waived for the girl. The IGFBP-3
and GHBP levels in the two patients were below the de-
tecting limits. They had normal thyroid and liver func-
tions and normal fasting blood glucose and insulin lev-

els.
GHR mutation analysis

Genomic DNA extraction

Peripheral blood white cells were isolated by conven-
tional method. Protenase K was added to digest the
cells, and RNase was then added to inactive the RNA.
The genomic DNA was extracted by phenol/chloro-
form/isoamylol method and precipitated by dehydrated
alcohol. The final samples were re-suspended in pH
8.0 TE buffer. The genomic DNA was stored at -20°C
before PCR amplification.
PCR amplification

The primers were designed and synthesized by Bei-
jing AuGCT Company. The primers and the annealing
temperature are shown in Table 1. PCR reactions were
run in a thermocycler ( Biometra) with 0.5 U Taq
DNA polymerase, 20 pmol of 2 primers, 100-200 ng of
genomic DNA | in a final volume of 50 pL of 1 x Taq
polymerase buffer, 1.5 mM MgCl,. PCR was conduc-
ted as following: pre-denaturation at 94°C for 3 mi-
nutes — denaturation at 94°C for 1 minute — annea-
ling for 30 seconds —extending at 72°C for 3 minutes.
After 30 circles, it was extended at 72°C for 3 mi-
nutes. The amplification products were purified and di-
rectly sequenced using ECQ880 automated DNA se-

quencer ( Beckman).

Table 1 The primers used for GHR and the annealing temperature

Exons Upper primers Lower primers Products(bp)  Annealing temp. (°C)
E2 5'AATGGTCTGCTTTTAATTGCTG3' 5'TTTCAAAACACTGAGGGTGGA3' 174 53.4
E3 5'"GACTAGATGGTTTTGCCTTCCTC3’ 5'CATGGAAAATATCATTCGAAGGA3' 147 52.6
E4 5'CTCACCTGATTTCATGCCTTG3' 5'ATCCATGGAGAGGAAAATCAGA3' 212 53.8
ES 5'ACCCTTCATTTTAGGAACACTCA3' 5'TCAAATGAAACAAAAACCTGTGA3' 215 51.4
E6 5'CTAATGCTCTGTTGAATTGCACA3' 5'AGTCAAAGTGTAAGGTGTAGCAACA3’ 234 52.7
E7 5'CTGTAGTGTTCATTGGCATTGAG3’ 5'"TGACAAAAGCCAGGTTAGCTACT3’ 283 52.1
E8 5'GAAACTGTGCTTCAACTAGTCGT3’ 5'TGGCAAGGTCTAACACAACTG3’ 211 50.7
E9 5'TGTAGCTTTTAAGATGTCAAAACCA3’ 5'CATATGACAGGAGTCTTCAGGTGT3' 182 50.1
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Gene mutation analysis

All the sequences of the two patients were compared
with normal GHR sequences. To confirm the muta-
tions, every sequence with mutation was amplified and

sequenced twice.

Results

Treatment and follow-up

The boy with Laron syndrome received thGH (0. 1
IU/kg + d ) treatment for one year. His height in-
creased from 80.0 cm to 83.3 cm. Then thGH was
substituted with clonidine (100 mg/d) and stanozol

40 50 60

G GCGAGAG ICTTTT?ZC TGCCACTG G CGAGAG CTTTTfG

| i
@jxlklkf"

(1 mg/d). After 6 months of therapy, the boy’s
height increased to 84.7 em. The girl with Laron syn-
drome was administered with clonidine (100 mg/d)
and stanozol (1 mg/d).
her height increased from 96.6 c¢m to 100.4 cm.
Gene mutation analysis

After 6 months of therapy,

The gene mutation analysis revealed that the two pa-
tients had a homozygous mutation of S65H ( TCA —
CCA),

was located in exon 4,

which was a novel mutation. This mutation
correspoding to the extracellu-
lar part of the protein ( Figure 1). This mutation
might impair the GHR dimerization or activation of the

cytokine factor.

70 a0 90

TGCCACTGG AC

Figure 1 The gene mutations in exon 4 of GHR of the boy (A) and the girl (B) with Laron syndrome. The T base
changed to C, which made the 65 amino acid of GHR changed from S to H.

Discussion

Laron syndrome was first described in 1966 as “ge-
netic pituitary dwarfism with high serum concentrations
of growth hormone”. More than 300 cases have been
reported through the world, mostly from the Mediterra-

. . 6
nean, mid-eastern region and Ecuador'®’.

This syn-
drome is an autosomal recessive inherited disease. The
alleles of patients’ parents are heterozygotes and they
had no abnormal clinical features. Patients with Laron
syndrome had characteristic clinical features. They had
severe short stature of 4 to -10 SDS below the mean
normal height, acromicria, protruding forehead, saddle
nose and very high-pitched voice. Their hair was
thin,

teething was delayed in most of patients.

sparse , silky and easy to pluck. The onset of
The patients
were relatively obese due to the underdevelopment of
bones and muscles leading to relatively more adipose

tissues

. Basal overnight fasting serum GH level was
high and peak level of GH after stimulation was more
than 200-300 ng/ml. Serum level of IGF-I was very
low, even undetectable. Serum IGFBP-3 level was

low, but IGFBP-1 level was elevated. IGFBP-2 level

was normal or increased. GH treatment is ineffective,

and the only effective treatment is IGF-1 replacement
therapy.

The underlying mechanism is a defect in GHR gene
which induces to an absence of responsiveness to GH.
GHR gene spans 300 kb pairs including 10 exons and
the GHR protein is a 620-residue,
spanning protein that belongs to the large family of cy-

single membrane-
tokine receptors. Exon 1 is the non-encoding region;
exon 2 encodes the signal peptide, and exons 3-7 en-
code the extracellular part of GHR. Exons 8 and 9 en-
code the trans-membrane and cytoplasmatic domain,
respectively. Parts of GHR corresponding to its extra-
cellular domain are cleaved and present in the circula-
tion as GHBP. GHBP can bind with GH and prolong
the half-life of GH. GH signaling is initiated by se-
quential binding of two distinct sites of the GH mole-
cule to two GHR monomers, which is followed by re-
ceptor dimerization and activation of JAK-STAT path-
The mutations of GHR gene can not only influ-

but also lead to

way.
ence the function of the two proteins,
the physiological function changes of GH. To date,
more than 70 mutations of the GHR have been identi-
The majority of GHR
gene mutation was located in exons 3-7, which influ-
ences the binding of GH to GHR and generation of

fied in Laron syndrome patients.
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to the trans-membrane and cytoplasmatic domain,
which might result in impaired intracellular signal
transduction or dimerization of GHR, and the patients
who carry these mutations have normal or increased se-

rum GHBP levels ",

of them were point mutations

Among all the mutations, most

12
121 even there were also

reports on patients with base deletion or insertion lead-
ing to the frame-shift mutation '* ",

In this report, we described 2 patients in a Chinese
family with typical features of Laron syndrome suffering
from a novel missense mutation ( S65H) in exon 4.
The height SDSs in the boy and the girl were -8.2 and
-6. 8, respectively. The basal GH levels in the two pa-
tients were very high, and the peak GH level of the
boy was more than 350 ng/mL, which suggested that
two siblings had GH insensitivity or GH resistance.
This was confirmed by low serum IGF-I levels and un-
detectable serum IGFBP-3 and GHBP. Low GHBP lev-
els suggested that the gene mutation was belonged to
the extracellular part of the protein. Furthermore, the
GHR gene mutation analysis showed that the two pa-
tients had same point mutation ( S65H) in exon 4.
This missense mutation made the 65th amino acid of
GHR change from serine to proline, which might result
in the structure alteration of the extracellular domain of
GHR, thereby affecting GH to bind with GHR or the
generation of GHBP. Some research has shown that
even one single amino acid substitution in the extracel-
lular domain of the GHR can prevent the ligand binding
to the GHR and the generation of GHBP ', In this re-
port, high basal and peak level of GH after stimula-
tion, low serum GHBP levels and ineffective GH thera-
py might result from the S65H mutation of GHR.

The only effective treatment is replacement therapy
with IGF-1I. IGF-I administration can suppress not only
the IGFBPs including IGFBP-3, but also the GH and
serum insulin, preventing hypoglycemia and stabilizing

41 Unfortunately, only a small

blood glucose levels
number of patients can receive the therapy due to Imit-
ed drugs. In this study, a 6-month stanozol treatment
increased the height for the two patients, but the long-
term curative effect of stanozol was not observed.

In conclusion, this report described a novel homozy-
gous missense mutation, S65H, in the GHR gene of
two Chinese patients with Laron syndrome. A definite
diagnosis of Laron syndrome can be made based on
characterictic appearance features and blood biochemi-
cal changes. The S65H mutation in exon 4 of GHR
gene might be the cause of Laron syndrome in the two

patients.

The authors express their sincere gratitude to Professor WANG

Mu-Ti for his excellent direction of this study.
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