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ABSTRACT 

Mutations in the GH receptor gene have been 
identified as the cause of growth hormone 
insensitivity syndrome (GHIS), a rare autosomal 
recessive disorder. We studied the clinical and 
biochemical characteristics and the coding 
sequence and intron-exon boundaries of the GH 
receptor gene in a consanguineous family with 
severe short stature which consisted of two 
patients, their parents and five siblings. The two 
adolescents had heights of -4.7 and -5.5 SDS, 
respectively, with elevated growth hormone 
associated with low IGF-I, IGFBP-3 and GHBP 
concentrations. Molecular analysis of the GH 
receptor gene revealed a mutation in exon 6, 
present in both patients This mutation, Ε180 
splice, has been previously described in an 
Ecuadorian cohort, and in one Israeli and six 
Brazilian patients. We determined the GH 
receptor haplotypes based on six polymorphic 
sites in intron 9. Co-segregation of the E180splice 
mutation with haplotype Ϊ was found in this 
family, compatible with a common Mediter-
ranean ancestor, as shown for previous cases 
with the E180splice mutation described to date. 
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INTRODUCTION 

Growth hormone insensitivity syndrome (GHIS) 
was first described by Laron in 1966 in three Israeli 
siblings of Yemeni origin. This syndrome with 
autosomal recessive inheritance is characterized by 
resistance to growth hormone (GH) action1. 
Patients have typical signs of severe GH deficiency, 
such as growth failure, frontal bossing, central 
obesity, small hands and feet, fasting hypogly-
cemia, and low serum levels of insulin-like growth 
factor-I (IGF-I), but with elevated GH concen-
trations and unresponsiveness to exogenous GH 
administration2"4. This disorder is caused by GH 
receptor (GHR) defects, which interfere with GH 
binding or GHR signaling2"4. 

The human GHR is coded by a gene spanning at 
least 87 kb of chromosome 5, which consists of 
nine coding exons5. Exon 2 encodes the signal 
peptide, exons 3 to 7 the extracellular domain, exon 
8 the transmembrane domain, and exon 9 and part 
of exon 10 the intracellular domain". More than 40 
mutations spanning the coding region and intron-
exon boundaries of the GHR gene have been 
described in patients with GHIS6. All mutations are 
inherited in an autosomal recessive manner except 
for two heterozygous mutations involving the intra-
cellular domain which have a dominant negative 
effect and result in a relatively mild phenotype7 '8. A 
few mutations involve the transmembrane domain, 
and all the rest the extracellular domain"'9. 

Most mutations in GHIS are unique or have 
been described in families showing common ances-
tors through genetic association studies. One of 
these mutations, E180splice, has been reported 
among members of an inbred population from 
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Southern Ecuador, in Israeli patients of Yemeni 
origin and in six Brazilian patients10"12. This 
mutation creates a new donor splice site in exon 6, 
which eliminates eight amino acids in the GHR 
protein1". A probable common Mediterranean 
ancestor for the Ecuadorian cohort and the Israeli 
and Brazilian patients has been proposed after 
documenting that the E180splice mutation is 
associated with GHR haplotype I in these 
patients'11"'2. Haplotype I is one of the seven haplo-
types defined by six SNPs (single nucleotide 
polymorphisms) present in the GHR gene intron 9, 
and is the most frequent among Mediterranean 
populations'3 . 

We report a similar E180splice mutation in two 
Chilean siblings born from two first cousins, which 
co-segregated with GHR haplotype I within the 
family, suggesting a common Mediterranean 
ancestor with the other kindreds reported. 

FAMILY AND METHODS 

The family 

This study was approved by the Institutional 
Review Board of the "Hospital San Borja Arriarän" 
in Santiago, Chile. Written consent was obtained 
from each of the nine family members. Our index 
patient was a boy referred to us from southern Chile 
for evaluation of severe short stature at the age of 
13 years. He had an immature face, with frontal 
bossing, depressed nasal bridge, no pubic or 
axillary hair, small penis (4 cm), and his testicular 
volume was 5 ml. At the time of his first evalu-
ation, he had a height of 110 cm (-5.6 SD), weight 
30.3 kg, body mass index (BMI) 25, an arm span of 
113.5 cm, and an upper/lower segment ratio of 1.3. 
He had a history of early growth failure, with birth 
length 49 cm and birth weight 3.8 kg. Family 
history was positive for short stature in one older 
adult sister with a height of 137 cm (-5.5 SD), who 
also had delayed menarche at the age of 18 years, 
and a similar phenotype with a baseline GH of 8 
ng/ml. During his first evaluation the proband had a 
bone age of 10 years, with normal prolactin and 
thyroid function. IGF-I was 34 ng/ml (normal value 
[NV] 66-427) and IGF binding protein-3 (IGFBP-
3) of 1.2 mg/1 (NV 2.3 ± 0.3). A GH stimulation 

test with Clonidine (150 μg/m2) was performed 
which showed a baseline GH of 10 ng/ml and a 
peak of 57 ng/ml. Thereafter, the patient underwent 
an IGF-I generation test performed with 0.1 
U/kg/day of GH for 4 days, which showed no 
change in IGF-I or IGFBP-3 levels. At the age of 14 
years 8 months he was evaluated for IGF-I therapy 
at the National Institutes of Health, Bethesda, MD, 
USA. At that time he had a height of 122.8 cm 
(-5.1 SD) with testicular volume of 8 ml (left) and 
12 ml (right), genital Tanner stage 3, bone age of 
12Ά years and a pubertal response to a luteinizing 
hormone releasing hormone (LHRH) test (LH peak 
38.5 mU/ml). He started therapy with leuprolide 
depot at a dose of 300 μg/kg/28 days for 6 months, 
followed by leuprolide depot associated with IGF-I 
80 μg/kg/12 h during another period of 6 months. 
During therapy with IGF-I he improved his growth 
velocity to 7.6 cm/year compared to 2.5 cm/year 
previous to IGF-I therapy. He continued with IGF-I 
therapy until he was years and his bone age 

had advanced to 14 years, reaching a final height of 
148 cm (-3.93 SDS) 3 years later with a bone age of 
17 years. During the time the patient was treated 
with combined IGF-I plus LHRHa, gonadotropins 
were suppressed but his testosterone levels re-
mained elevated at approximately 200 ng/dl. The 
family 's clinical and laboratory data are presented 
in Table 1. 

Hormone assays 

Serum GH was measured by a double antibody 
radioimmunoassay (RIA) with a sensitivity of 0.8 
ng/ml and a within-assay and between-assay 
variability of 10% and 6.5%, respectively. GH was 
labeled using the lactoperoxidase method14 . All 
reagents for GH RIA were donated by the National 
Hormone and Pituitary Program (human GH-I-3, 
Antihuman GH-2 antisera, human GH-RP). Serum 
IGF-I was measured by RIA after acid-ethanol 
extraction, using a reference standard purchased 
from Bachem (Torrance, CA) and an antiserum 
(NIH UB2-495) donated by the National Hormone 
and Pituitary Program (Rockville, MD). This assay 
has a within-assay variability of 7.5% and a 
between-assay variability of 1 1 . 1 % ' \ Serum 
IGFBP-3 was measured by immunoradiometric 
assay (IRMA) with a commercial kit (DSL) with a 
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between-assay variability of 1.8% and a within-
assay variability of 1.1%. The IGF-I and IGFBP-3 
detection limits were 10 ng/ml and 0.05 mg/1, 
respectively. GH binding protein (GHBP) was 
determined by monoclonal RIA (Mab 263) showing 
within-assay variability of 11.4% and between-
assay variability of 5.2%'6. This assay incubates the 
patient's serum with l2:,I-labeled GH plus a mono-
clonal antibody, Mab 263, against the GH receptor 
in the presence or absence of non-labeled GH. The 
soluble form of GH receptor (GHBP) binds to 
MAB 263 plus non-labeled GH to form a ternary 
complex ant i -GHR-GHBP- 1 2 5I-hGH. Separation of 
bound/free forms of 125I-hGI I was performed using 
a second antibody (Antimouse IgG, whole mole-
cule, Calbiochem 401210) and polyethylene glycol. 
The percent binding of GHBP from each patient is 
in reference to 100% binding of GHBP obtained 
from a pool of adult serum. Reference values for 
this method in our laboratory are published 
elsewhere17. 

The IGF-I generation test consisted of a baseline 
(day 1) blood sample for measurement of serum 
IGF-I level, followed by administration of GH at a 
dose of 0.1 U/kg/day sc from days 1 to 4. On day 5 
we obtained a blood sample for the final serum 
IGF-I determination18. 

Molecular genetic study 

DNA was isolated from peripheral leukocytes of 
each family member19 . PCR amplification covering 
coding sequences and intron-exon boundaries of 
exons 2 to 9 was performed. Only the coding region 
of exon 10 was PCR amplified using three 
overlapping pairs of primers. PCR primers are 
shown in Figure 1. In exons 2, 4, 5, 6, 7, 8 and 9, 
PCR amplification involved an initial denaturation 
for 5 min at 95°C, followed by 28 cycles consisting 
of 1 min at 95°C, 1 min at 48°C, and 1 min at 
72°C. Exon 3 was amplified with an initial de-
naturation of 2 min at 94°C, followed by 28 cycles 
involving a denaturation step of 30 s at 94°C, an 
annealing of 30 s at 55°C, and an extension period 
of 30 s at 72°C. The three overlapping fragments of 
the coding region of exon 10 were amplified with a 
touchdown PCR program including an initial 
denaturation of 2 min at 94°C, followed by three 
cycles consisting of 94°C, 30 s; 59°C, 30 s; 72°C, 

30 s; another three cycles consisting of 94°C, 30 s; 
57°C, 30 s; 72°C, 30 s; and finally 25 cycles 
including a denaturation step of 30 s at 94°C, 
annealing of 30 s at 55°C, and extension of 30 s at 
72°C. All PCR amplification reactions ended with a 
final extension period of 10 min at 72°C. After 
PCR amplification, all DNA fragments were puri-
fied from agarose gels using Geneclean II (Bio 101 
Inc., Vista, CA). 

For single strand conformational analysis 
(SSCA), PCR products were submitted to electro-
phoresis on MDE (BioWhittaker, Inc., Rockland, 
ME) 0.5X in the presence of 10% glycerol, at 18°C, 
6 W for 14 h, or in the absence of glycerol, at 18°C, 
3 W for 13 h. The gels were silver stained after 
electrophoresis. Sequence analysis of exon 6 and 
intron 9 was performed by direct sequencing using 
the dsDNA Cycle Sequencing System (Life 
Technologies Inc., Gaithersburg, MD), and γ-32Ρ-
ATP. Electrophoresis was carried out in 6% 
acrylamide/bisacrylamide (19:1) gels, in the pre-
sence of 8 Μ urea. Gels were dried and subjected to 
autoradiography for 24-48 h. The E180splice muta-
tion was determined by restriction analysis of a 
PCR fragment from exon 6 with the enzyme Mnl 
I12. 

Haplotype determination in intron 9 

Intron 9 haplotype determination for each family 
member was determined by PCR amplification of a 
fragment of 333 base-pairs (bp) containing intron 9 
with the primers described in Figure 1. PCR pro-
ducts were purified and sequenced. Nucleotide 
changes were determined based on the reference 
sequence13. 

RESULTS 

Clinical and hormonal evaluations of affected 
patients and other family members 

Table 1 summarizes the clinical features of the 
two affected siblings, their parents and their five 
siblings. The parents were first cousins. All family 
members exhibited a Caucasian phenotype, with no 
clear evidence of Amerindian admixture. Obesity 
was present in the parents, the two patients and two 
non-affected siblings. The two affected siblings had 
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ΕΧΟΝ PRIMER SEQUENCE 

2 Forward: TCTGCTTTTAATTGCTGGGCTTT 
Reverse: GAATACAGTTCAGTGTTGTTTCAA 

3 Forward: TACACAGGGTCATATCAGATTG 
Reverse: CTATTCCAGTTACTACCATCCC 

4 Forward: ATATGACTCACCTGATTTCATGC 
Reverse: TAGGTACATCCATGGAGAGGAA 

5 Forward: GCTACAACATGATTTTTGGAACAA 
Reverse: CATTTATTTAGTCTAAAACTATGTCA 

6 Forward: AATATTAAATTGTGTCTGTCTGTGT 
Reverse: G A A A G A A A A G T C A A A G T G T A A G G T 

7 Forward: TTGAGTTGTTGACTCTTTGGCC 
Reverse: AACTGTTATATTGACAAAAGCC 

8 Forward: GAAACTGTGCTTCAACTAGTC 
Reverse: AACGGTACAAAATACCAA 

9 Forward: AGAATATGTAGCTTTTAAGATGTCA 
Reverse: GACAGGAGTCTTCAGGTGTTAA 

10a 

10b 

10c 

Forward: GAGTTTCTTTTCATAGATCTTC 
Reverse: TTAACCTCTGTGGCTGAG 

Forward: ACATGAGGGTACCTCAGA 
Reverse: CAGAAGTAGGCATTGTCC 

Forward: GGAAATGGTCTCACTCTG 
Reverse: CAAAAGAAAGGCTAAGGC 

INTRON 9 Forward: CCCAGTTCCAGTTCCAAAGA 
Reverse: CACTGTGGAATTCGGGTTTA 

Fig. 1: PCR primers used for amplif ication of coding 
sequences and intron-exon boundaries of exons 1-10 
and intron 9. 

the typical features of GHIS with frontal bossing, 
central obesity, small hands and feet, and decreased 
pubic and axillary hair. These features were not 
present in the other siblings. The unaffected family 
members had normal heights, providing no clinical 
evidence for partial defects in GH action. The two 
affected siblings had blue sclerae as has been 
reported previously in patients with GHIS from 
southern Ecuador20, and normal intelligence and 
high-pitched voice. Body proportions were ab-
normal in both affected patients, with reduced arm 
span and increased upper/lower segment ratio. The 

affected sister had delayed menarche (18 years) 
compared to her mother (12 years) and the male 
proband had micropenis and delayed puberty, at the 
time of first evaluation, whereas his father had early 
puberty. Later, the affected boy developed spon-
taneous puberty and penis growth reached an 
appropriate size. Hormonal baseline assessments 
from all family members are shown in Table 2. As 
expected, serum IGF-I, IGFBP-3 and GHBP levels 
were low in the patients, but were normal in the rest 
of the family. Fasting insulin levels were elevated, 
independent of BMI in all family members, except 
for the affected siblings. The GHBP levels were 
normal in non-affected family members, according 
to age and pubertal status17. 

Molecular analysis of the GHR gene 

SSCA for all coding exons was performed in the 
two affected siblings. This analysis revealed a band 
shift compared to the control for the PCR fragment 
corresponding to exon 6 in both patients (Fig. 2A, 
lanes Ml and M2). Exon 6 was sequenced in both 
patients and one control. As shown in Figure 2B. an 
A to G transition was detected in both patients. As 
reported previously, this mutation creates a new 
donor splice site within the exon, and generates a 
receptor which lacks eight amino acids. This 
mutation, E180splice, corresponds to the same 
mutation that was previously described in the 
Ecuadorian cohort, and the Israeli and Brazilian 
patients10'12. In order to determine the presence of 
this mutation in the rest of the family members, 
restriction analysis with the enzyme Mnl I was 
performed as described in Methods. Figure 3 
shows the family pedigree and agarose electro-
phoresis with the restriction pattern. Under each 
lane, the presence (+) or the absence ( - ) of the 
mutation for both alleles is indicated. Both parents 
and four siblings are heterozygous for the mutation, 
whereas in one brother the mutation was absent 
from both alleles. 

Considering that the Ecuadorian cohort, as well 
as most Chilean families, are of Spanish origin20, 
we explored the possibility of a common ancestor 
for the E180splice mutation. As reported pre-
viously, this mutation is associated with haplotype 
I, from the GHR gene intron 9, in the Ecuadorian, 
Israeli and Brazilian patients described to date10"12. 
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Fig. 2 : A. S S C A gel e lec t rophores i s f rom the two a f fec ted 
sibl ings with G H I S . Exon 6 f rom the G H R gene was 
PCR ampl i f ied , and the react ion product was sub-
mitted to e lec t rophores i s as descr ibed in Methods . 
The gel was si lver s ta ined af ter e lect rophores is . C: 
control D N A , M l : D N A from child I, M2. D N A 
f rom child 2. B. Partial au torad iogram of the 
muta ted and normal sequences f rom the G H R gene 
exon 6. Exon 6 was P C R ampli f ied f rom the two 
patients; the p roduc t s were purif ied and sequenced 
as descr ibed in M e t h o d s . An a r row indicates the 
nucleot ide changes in lanes Ml and M2. C: control 
D N A , M l : D N A f rom child l , M2: D N A f rom child 

MS +/- +/+ +/+ +/- +/- -/- +/- +/- +1-

Fig. 3 : Detect ion of the E180sp l i ce mutat ion through 
restriction digest ion with Mnl I. A f ragment of 268 
base-pairs (bp) co r respond ing to exon 6 was PCR 
ampli f ied f rom genomic D N A of each family 
member , and digested with the Mnl I enzyme. T h e 
reaction p roduc t s were analyzed by e lect rophores is 
on 2 % agarose gels. T h e normal allele gives 
products of 185 bp and 83 bp, and the mutated 
allele gives products of 113 bp, 83 bp and 72 bp. 
T h e presence of the four digest ion products 
indicates he te rozygous siblings. MS: M W standard 
p B R 3 2 2 digested with Hinf I. T h e remaining lanes 
cor respond to each family m e m b e r f rom the 
pedigree on top of the f igure. +/-: he te rozygous for 
the E180sp l ice mutat ion, +/+: h o m o z y g o u s for the 
E180spl ice mutat ion, -/-: non-muta ted . 

presenting the mutation has haplotypes II and III. 
Intron 9 haplotype frequencies were determined in 
a sample of 50 individuals (100 chromosomes) 
from the Chilean population, revealing the presence 
of four of the seven described haplotypes. Fre-
quencies are haplotype I: 0.12; haplotype II: 0.59; 
haplotype III: 0.09; haplotype IV: 0.20. 

We determined the haplotype present in the GHR 
gene in all family members, through direct sequen-
cing of intron 9. As shown in Figure 4, both 
affected siblings are homozygous for haplotype I, 
indicating an association of this haplotype to the 
El80spl ice mutation. In addition, all the hetero-
zygous siblings for the E180splice mutation present 
heterozygosity for haplotype I. The sibling not 

D I S C U S S I O N 

We report two patients from a consanguineous 
Chilean family with clinical and biochemical 
features of GHIS who were found to bear the 
known mutation E180splice in the GHR gene. This 
mutation has been previously reported in a large 
Ecuadorian cohort, and in Israeli and Brazilian 
patients10"12. The family reported in this paper lives 

JOURNAL OF PEDIATRIC ENDOCRINOLOGY & METABOLISM 

Brought to you by | Pontificia Universidad Catolica de Chile
Authenticated

Download Date | 6/26/18 5:46 PM



GHIS MUTATION IN A CHILEAN FAMILY 1125 

A 
G 
C 
Τ 
Τ 
τ 

G 
G 
C 
Τ 
A 
Τ 

I/III 

α 
A 
G 
C 
Τ 
Τ 
Τ 

A 
G 
C 
C 
A 
Τ 

I/II 

A 
G 
C 
Τ 
Τ 
Τ 

A 
G 
C 
Τ 
Τ 
Τ 

I/I 

A 
G 
C 
Τ 
Τ 
τ 

A 
G 
C 
Τ 
Τ 
Τ 

I/I 

3 Π 
A 
G 
C 
Τ 
Τ 
Τ 

G 
G 
C 
Τ 
A 
Τ 

I/III 

A 
G 
C 
Τ 
Τ 
Τ 

A 
G 
C 
C 
A 
Τ 

I/II 

G 
G 
C 
Τ 
A 
Τ 

A 
G 
C 
C 
A 
Τ 

III/II 

Π (9 
A 
G 
C 
Τ 
Τ 
Τ 

A 
G 
C 
C 
A 
Τ 

I/II 

A 
G 
C 
Τ 
Τ 
Τ 

A 
G 
C 
c 
A 
Τ 

I/II 

Fig. 4: Family pedigree showing intron 9 haplotype determination for each family member. · : homozygous for the E180splice 
mutation, E : heterozygous, • : non-mutated. 

in a small town in southern Chile. They did not 
have any information about their ancestors beyond 
their grandparents, who were born and lived in the 
same area. It is highly probable that this family has 
Spanish ancestors, due to the origin of their last 
names for four generations. Unfortunately, no other 
relatives were available for genetic study. Chile and 
Ecuador had a heavy Spanish immigration for at 
least three centuries, so a common ancestor for the 
Ecuadorian and Chilean families with GHIS is 
quite possible. 

The determination of the intron 9 haplotype 
revealed a co-segregation of the E180splice muta-
tion with haplotype I in the Chilean family, as 
described for the Ecuadorian cohort, and the Israeli 
and Brazilian patients. This finding led us to 
suggest a common ancestor, most probably Medi-
terranean, for the Ecuadorian cohort, and the Israeli 
and Brazilian patients already published10"12, and 
the Chilean family. Haplotype I has been described 
as the most common haplotype among Mediter-
ranean populations. For each of the seven haplo-
types described12, we determined the frequencies in 
a random population of 50 Chilean individuals (100 
chromosomes). We concluded that haplotype II is 
the most frequent among Chilean individuals, at 
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59%. The relative low frequency of haplotype I in 
the Chilean population, and its consistent segrega-
tion with the E180splice in our family, supports, 
but does not prove, the hypothesis of a common 
Mediterranean ancestor. 

In relation to a possible dose effect of the 
heterozygous expression of the E180splice muta-
tion on stature or hormonal function in relatives of 
this family, we observed that all heterozygous 
members, except for the mother (-2.8 SDS), have a 
height within 2 SDS of the Chilean mean. Serum 
IGF-I, IGFBP-3, and GHBP concentrations were 
within the normal adult range in all family 
members (Table 2). As reported previously21 '22, the 
findings reported here suggest that there is no effect 
of heterozygosity for the E180splice mutation on 
stature or hormonal function. The GH insensitivity 
caused by this mutation is probably due to the 
deletion of eight amino acids which may produce 
protein misfolding and degradation23 . Therefore, it 
is likely that the E180splice mutation is a func-
tional null mutation. In contrast, mutations that lead 
to a stable mutant protein might have a dominant 
negative effect, leading to growth failure in 
heterozygous patients. Among other clinical fea-
tures that have been observed in these patients are 
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blue sclerae and decreased androgen dependent 
hair. The latter was a very prominent finding in our 
family, but blue sclerae was observed in all 
members, irrespective of GHR state. We should 
mention that GHIS has been associated with a wide 
variation in clinical and biochemical phenotype24, 
but this variation cannot be accounted for solely by 
disorders of the GHR gene, suggesting that other 
genetic and/or environmental factors may contri-
bute to phenotype in GHIS. 
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