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ABSTRACT

Context. IGF-I is essential for normal human growth and mediates its effects through the IGF-I
receptor (IGF1R). IGFIR mutations have been associated with varying degrees of intrauterine

and postnatal growth retardation.

Objective. To identify IGFIR gene mutations in a short-statured family with intrauterine

growth retardation, microcephaly and normal IGF-I serum concentrations.

Methods. Direct DNA sequencing was used to identify /GFIR mutations. Multiplex ligation
dependent probe amplification (MLPA) analyses were performed for deletions and duplications

of all IGFIR exons. Functional studies were performed to assess its pathogenicity.

Results. A novel heterozygous /GFIR missense mutation in exon 7 (c.A1549T, p.Y487F) was
identified in a short-statured girl with severe prenatal growth retardation and microcephaly. The
same mutation was also identified in her mother, who presented prenatal and postnatal growth
failure, and her short-statured maternal grandmother, both exhibiting microcephaly. The index
case experienced partial response to thGH. Functional studies performed in dermal fibroblasts
from the index case and her mother showed normal binding of IGF-I but IGF-I activation of
intracellular signalling measured as AKT and ERK phosphorylation were markedly reduced,
with child values being lower than those of the mother. IGF-I stimulation of DNA synthesis was
significantly reduced compared to controls.

Conclusion. Our results show a novel missense mutation in the IGFIR gene (c.A1549T,
p-Y487F) associated with prenatal and postnatal growth failure and microcephaly in the context
of familial short stature. The functional studies are in line with the inactivation of one copy of

the IGFIR gene with variable expression within the same family.
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INTRODUCTION

IGF-I is essential for prenatal and postnatal growth and development. The mitogenic
effects of IGF-1 are mediated through the IGFIR, a cell-surface tyrosine kinase receptor
encoded by the IGFIR gene (15926.3) (1). Ligand binding to IGFIR leads to receptor
autophosphorylation on several intracellular tyrosine residues and activation of the receptor
intrinsic tyrosine kinase, resulting in recruitment of cytoplasmic components of multiple
downstream signaling cascade, including the phosphatidylinositol 3-kinase PI3K/Akt and

MAPK/Erk pathways (2).

The role of IGFIR in human growth and development was first studied in mouse
models (3,4). Knockout of the gene for IGFIR led to severe decrease in fetal size and death
shortly after birth. In contrast, targeted partial invalidation of the IGFIR gene in mice causes

mild pre- and post-natal growth retardation (5).

The underlying causes of intrauterine and postnatal growth retardation are not
completely elucidated. Homozygous deletions or mutations in the /GF-I gene causes severe
intrauterine and postnatal growth retardation and developmental delay (6,7). The possibility that
abnormalities of /GFIR could result in some combination of intrauterine and postnatal growth
failure was first supported by observations in patients with deletions of chromosome 15q and
consequent haploinsufficiency for IGFIR. Patients suffering from heterozygous inactivating
IGF IR mutations display varying degrees of intrauterine and postnatal growth retardation with a

variable degree of mental retardation and dysmorphic features (8-19).

We report a novel heterozygous IGFIR gene point mutation (c.A1549T) predicting
p-Y487F, identified in a family with severe short stature, microcephaly and intrauterine growth

retardation. Functional studies argue for the pathogenicity of the mutation.
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PATIENTS AND METHODS

Clinical and auxological evaluation

The Ethics Committee of the Children’s University Hospital Miguel Servet approved all
clinical studies and parents gave informed consent for the studies. Height was determined with
Harpenden stadiometer and weight and head circumference were measured with standard
equipment. Psychomotor development was evaluated with Brunet-Lezine (< 2 years) and Mc
Carthy (3-6 years) tests. Results are expressed in SD score (SDS) based on Spanish
Longitudinal Study of Growth and Development (20). Bone age was evaluated by the method

of Greulich and Pyle (21).

Biochemical measurements

Plasma GH was measured by a solid-phase two-site chemiluminescent immunometric
assay (Immulite, 2000 Siemens). Plasma IGF-I and IGFBP-3 were determined by a specific
solid-phase enzyme-labeled chemiluminescent immunometric assay (Immulite 2000, Siemens).
Serum glucose, hepatic, renal, thyroid function and insulin were measured by standard

techniques in the hospital laboratory.

Genetic studies

Samples

We have screened 91 children with short stature. These children presented intrauterine
growth restriction, defined as a birth weight and/or length less than mean -2.0 SDS for
gestational age, familial short stature and normal IGF-I and IGFBP-3 serum levels. We also
have studied 126 control samples.

Gene analysis

Genomic DNA was extracted from peripheral blood by standard procedures. The entire
coding and intronic flanking sequences of /IGFIR were amplified by PCR using total DNA from
whole blood. The amplified products were purified and directly sequenced using an automated

DNA sequencer (AbiPrism 310, Applied Biosystems, Foster City, CA). Exon 7 of the IGFIR



©CoO~NOUTA,WNPE

Clinical Endocrinology

gene was amplified by PCR, purified and sequenced using genomic DNA as template in 126
controls and family samples. Sequences of oligonucleotides used for amplification and

sequencing were designed using the programmes Primer3 and Xprimer.

MLPA analyses

MLPA analyses were performed using the IGFIR probe kit (SALSA MLPA P217)
commercially available from MRC-Holland, Amsterdam, Netherlands. This set of probes allows
screening for deletions and duplications of all IGFIR exons, in two PCR reactions. MLPA
reactions were executed using the manufacturer’s protocol with minor modifications (22).
Dosage ratio values of < 0.5 and > 1.5 were used as boundaries for deletions and duplications

respectively (23).

Functional studies

Dermal fibroblast culture

A punch skin biopsy was obtained with informed consent from the child and her
mother. Fibroblasts were grown from explants and cultured in MEM with 10% FBS. Dermal
fibroblasts from normal controls of similar chronological age were obtained from patients
undergoing minor surgery. All cells were subcultured up to the 8th passage when all
experiments were performed. Mean doubling time of cells from the index patient and her
mother was extremely long, thus 6 months were required to obtain sufficient cells at the 8th

passage.

IGF-1 binding assay

Eighth-passage confluent fibroblasts from each of the 4 different cultures were
trypsinized and plated in 12-microwell tissue culture plates at a density of 100,000 cells/well in
1 ml MEM with 10% FBS. After 72h, the medium was aspirated, fibroblasts washed twice with
1 ml of serum- and antibiotic-free medium and incubated for 16h at 4°C with 1 ml of serum and
antibiotic-free medium containing '* I-IGF-1 (120,000 cpm; 0.06 x 10°M) with/without

increasing concentrations of IGF-1 (0.13 to 130 x 10°M). Four different wells were prepared for
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each condition. At the end of the incubation period, media were aspirated, cells washed twice
with 1 ml of serum- and antibiotic-free medium and cells solubilized in 1 ml of NaOH 1IN at
37°C for 1 h; 0.5 ml were transferred to a gamma counter and the rest kept at -20°C for protein
content determination. Results were expressed as cpm specifically bound and as femtomoles
bound per mg of protein; maximal binding capacity (Bmax) and affinity (Kd) were calculated

according to Scatchard analysis.

IGF1R, AKT and ERK phosphorylation by IGF-1

IGF1R phosphorylation stimulation by IGF-1 was measured in cell extracts from 12-
well plate cultures: 100,000 cells per well were plated, 6 wells per culture (child control, child
Y487F, mother control and mother Y487F), with 1 ml MEM and 10% FBS; cells were
incubated for 48h, then for a further 24h with 1 ml MEM and 0.5% FBS followed by
stimulation with increasing amounts of IGF-1 (0-10-25-50-100 ng/ml) for 10 min at 37°C. Cells
were washed with ice-cold PBS, scraped in 1 ml of ice-cold RIPA lysis buffer (Millipore®)
containing pepstatin A, aprotinin, leupeptin and PMSF, incubated in ice for 15 min, vortexed for
10 sec and centrifuged for 10 min at 12000 rpm at 4°C: extract aliquots were frozen at -80°C for
total protein, total IGFIR and phospho-IGFIR measurement. Total IGF1R (beta subunit) and
phospho(Tyr1135/1136)-IGF1R were measured by commercial ELISA kits (Millipore®)
following the manufacturer’s instructions. The ratio of phospho-IGF1R to total IGF1R indicated
the relative proportions in each extract. AKT and ERK phosphorylation stimulation by IGF-1
was measured with two commercial, cell-based fluorogenic ELISAs (Millipore®): AKT
(Ser473) Dual Detect CELISA assay kit and ERK 1/2 (Thr202/Tyr204)/(Thr185/Tyr187) Dual
Detect CELISA assay kit. Briefly, 20,000 cells/well were plated in the 96-microwell plate
supplied in each kit. Four wells were plated for each condition and each culture [child control,
child (Y487F), mother control and mother (Y487F)]. Cells were incubated at 37°C with 0.1 ml
MEM and 10% FBS for 16h followed by a further 16h with 0.1 ml MEM and 0.5% FBS
followed by stimulation with increasing amounts of IGF-1 (0-10-25-50-100 ng/ml) in 0.1 ml of

serum- and antibiotic-free MEM for 10 min for the AKT plate and 15 min for the ERK plate.
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The procedures indicated by the manufacturer were followed and phosphorylated AKT (Ser473)
and ERK 1/2 (Thr202/Tyr204)/(Thr185/Tyr187) contents were read at 460 nm emission
whereas total AKT and ERK 1/2 were read at 590 nm. Background without antibody was
subtracted in each well for each culture. The 460/590 ratio in each well indicated the relative
amount of phosphorylated protein with respect to the amount of total protein.
*H-Thymidine incorporation into DNA

Eighth passage confluent fibroblasts were trypsinized and plated in 96-microwell tissue
culture plates at a density of 20,000 cells/well in 0.3 ml of MEM serum- and antibiotic-free
medium. After 48h, the medium was aspirated and fibroblasts were incubated for 48h with IGF-
1 at increasing concentrations (10 to 100 ng/ml) or FBS (10%). Control wells were incubated
with medium containing the same amount of BSA (0.1 %) as under IGF-1 conditions. [*H]-
thymidine (5 pCi/ml) was added for the last 24h of incubation. Four different wells were
prepared for each condition. Incubations were terminated by medium aspiration, followed by
extensive cell washing with 2.5% acetic acid in distilled water. Fibroblasts were then treated
with 0.5% Triton X-100 (250 pl/well; 10 min) and collected in a multiple cell harvester on glass
fiber filters. The filters were dried and counted in 5 ml Biodegradable Counting Scintillant
(Amersham Biosciences, UK) in a Beta-Counter (BECKMAN LS650 Multi-purpose
Scintillation Counter) for Smin. The result for each well was expressed in cpm and, for each
condition, as a percentage of mean radioactivity in four wells compared with the control

condition (100%).

Statistical analysis
Comparison of AKT and ERK phosphorylation and cell proliferation stimulation by
IGF-1 among the heterozygous Y487F carriers and controls was performed by ANOVA

(Bonferroni/Dunn test) using StatView 4.5 software (SAS, Cary, NC).
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RESULTS
Case reports

Patient A is now a 7.5 year-old girl who was sent to our Unit when she was 1.5 years of
age for evaluation of short stature. She was born at 37 © weeks of gestational age and her birth
weight was 1960 grs (-3.46 SDS), length 43 cms (-4.91 SDS) and head circumference 28 cms (-
5.7 SDS). Apgar score was normal. Her pregnancy was uneventful except for gestational
diabetes type Al. Intrauterine growth retardation was diagnosed at third term of gestation. The

placenta was reported to be small with low weight.

She was a proportionate short-statured girl, her length was 73.3 cms (-2.84 SDS),
weight 7.070 kgrs (-3.4 SDS), head circumference 43 cms (-3.37 SDS) and bone age 9 months.
Other possible causes of growth retardation were excluded. Poor appetite was detected along
infancy. Psychomotor development was evaluated and her developmental quotient was in the
normal range but slightly retarded in the 10™-25" centile. Postnatal growth retardation was
detected and at 2 years of age her height was -3.44 SDS, weight -3.53 SDS, BMI -2.83 SDS and
head circumference was -3.36 SDS. She showed normal random GH serum levels (7.6 ng/mL)
with low IGF-I serum levels (16 ng/mL) and normal IGFBP-3 (1.62 pg/mL). At 3.2 years of age
she had normal IGF-I and IGFBP-3 serum levels (62 ng/mL and 2.27 pg/mL, respectively). At
3.4 years old her height was 87.4 cms (-3.19 SDS), weight 9.6 kg (-3 SDS) and she initiated
treatment with thGH (0.035 mg/kg/day). Clinical characteristics and growth response of index

case is presented in Table 1.

Patient B (mother of index case) was evaluated at 36 years of age and her height was
154 cms (-1.6 SDS), BMI was 16.6 kg/m2 and her head circumference was 52 cms (-2.5 SDS).
Her birth weight was 2.200 gr (-2.8 SDS) and birth length 46 cms (-2.6 SDS). Her menarche
was at 13 years of age. Random analysis showed serum levels of GH of 14.9 ng/mL, IGF-I of
199 ng/mL, IGFBP-3 of 2.88 pg/mL, with normal thyroid function, insulin and glucose values.

Lumbar DEXA scan showed a T value of -1.6 SDS (0.988 gr/cm2) and femoral neck DEXA
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scan showed a T value of -1.8 SDS (0.784 gr/cm?2). Father’s height of the index case was 171
cms (-0.83 SDS) and target height was 155.3 cms (-1.34 SDS). Short stature was noted on the
maternal side of the family (Figure 1A). At 61 years of age maternal grandmother’s height
(Patient C) was 148.3 cms (-2.6 SDS), BMI 25.4 kg/m2 and head circumference 51.5 cms (-2.9
SDS). She had menarche at 14.5 years of age. Mother and maternal grandmother’s intelligence

quotient were completely normal.
Genetic studies

Index case showed the missense point mutation in exon 7 (c.A1549T, p.Y487F) in
heterozygosis (change of thyrosine for phenylalanine in codon 487); this mutation in exon 7
affects the extracellular domain of IGFIR (a-subunit). This mutation was also observed in
heterozygosis in the mother and the maternal grandmother, both affected of short stature, and
was not found in controls (n=126) nor in the father or the mother’s sister, both with normal
stature (Figure 1B). We have analyzed the index case and mother, father, aunt, maternal
grandmother and greatgrandaunt for large genomic rearrangements in /GFIR gene by MLPA

and no deletions or duplications were observed in the cases studied.
Functional studies

IGF-1 binding assay
' LIGF-1 binding displacement by IGF-1 was similar in all four cultures (Figure 2).
Maximal binding capacity (Bmax) and dissociation constant (Kd) were similar in child control
and mutated index case (646 and 639 x 10"° M/mg protein and 0.23 and 0.32 x 10° M/L,
respectively) as they were similar in mother control and mutated mother (721 and 756 x 10"
M/mg protein and 0.32 and 0.38 x 10 M/L, respectively).
IGF1R, AKT and ERK phosphorylation by IGF-1
Although both the heterozygous mutated cell cultures from the child and her mother
increased in relative phospho(Tyr1135/1136)-IGF1IR content with increasing IGF-1

concentrations, levels were lower than those in the respective controls (Figure 3, I). Relative

amounts of baseline phosphorylated AKT and ERK were significantly reduced in the child
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(Y487F) (B) compared with the child control (A) (p<0.01) and with the mother (Y487F) (D)
(p<0.01) (Figure 3, II and III). AKT and ERK phosphorylation was significantly stimulated in
each culture by IGF-1 from 10 ng/ml, reaching maximum values for ERK with IGF-1 at this
concentration and at 25-100 ng/ml for AKT. However, values in both the child (Y487F) (B) and
the mother (Y487F) (D) were significantly lower than those of the respective controls (A and C)
for AKT (p<0.05), with the child values being lower than those of the mother (p<0.05).
Although ERK phosphorylation stimulation by IGF-1 was more intense in the child (Y487F)
(B) compared with the child control (A), relative values were significantly lower (p<0.05). The
mother (Y487F) (D) values did not differ significantly compared with the mother control (C) for
ERK phosphorylation stimulation by IGF-1 (Figure 3, III).
*H-Thymidine incorporation into DNA

Statistically-significant differences were observed between conditions and among
cultures. At baseline (control), “mother control” incorporated significantly less than the “child
control” (p=0.004), and the “mother Y487F” significantly less than the “mother control”. No
significant increase was observed in any culture for IGF-1 at 10 ng/ml whereas increases were
significant compared with the “control condition” in all cultures with IGF-1 at 50 and 100
ng/ml; however, statistically-significant differences were observed among the cultures: the child
heterozygous mutated cell (“child Y487F”) increases were significantly lower than those of the
“child control” (p=0.02 for IGF-1 at 50 ng/ml and p=0.0007 for IGF-1 at 100 ng/ml; 1.76 vs.
2.96-fold for IGF-1 at 100 ng/ml) and similar differences were observed between the “mother
Y487F” cells and those of the “mother control” (3.37 vs. 4.79-fold for IGF-1 at 100 ng/ml).
Similar differences among the cultures were observed for the condition in which 10% FBS was
added (3.89 vs. 6.90-fold and 4.83 vs. 6.43-fold for the mutated vs. the control, child and adult
cultures, respectively) with all increases being significantly higher than with IGF-1 at 100 ng/ml

(Figure 4).
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DISCUSSION

In this study we present a novel heterozygous /GFIR mutation (p.Y487F) in three short-
statured members of the same family with a variable clinical expression. The functional studies
showed the pathogenic effect of the new mutation that resulted in partial inactivation of one

allele resulting in haploinsufficiency and concomitant reduction of IGFIR signaling pathway.

The IGFIR mutation Y487F affects the extracellular domain owing to a change from
tyrosine to phenylalanine, i.e. a polar to a non-polar aminoacid. Because of the charge change it
seems likely that the mutant receptor cannot preserve its active conformation and consequently
the substitution could result in IGF1R inactivation. This mutation is close to the first disulfide
bond (Cys514) between the two IGFIR a-subunits and it may be hypothesized that the
dimerization process may be disturbed.

The in vitro functional study was carried out in cultured dermal fibroblasts from the
patient and her mother and results were compared with those of normal controls. No
modification in IGF-I binding characteristics could be observed, thereby demonstrating that the
heterozygous expression did not affect the process of IGF-1 binding by the receptor in vitro.
However, IGFIR autophosphorylation and downstream signaling pathway protein
phosphorylation stimulation by IGF-1 was significantly decreased in both heterozygous carriers.
Although IGFI1R autophosphorylation and AKT and ERK phosphorylation significantly
increased under graded IGF-I concentrations, both baseline levels and those reached under
stimulation were significantly decreased. In parallel with the phenotype, the lowering of
response to IGF-I was more severe in the child. The functional study of an /GFIR mutation in
the same domain as that found in our patients was conducted by Inagaki et al (12) by
transfecting the wild-type and the R481Q mutated IGFIR allele into NIH3T3 fibroblasts and
similar results were observed. Cell proliferation stimulation was also shown to be affected by
the heterozygous expression of the mutated Y487F protein. This reduction in cell proliferation
in response to IGF-I administration indicates that reduced activation of IGFIR signaling

ultimately affects IGF-I-dependent cell growth as it has been shown in other mutations (11-13).
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The patients we present have several manifestations associated with IGF-I resistance
such as prenatal and postnatal growth failure, microcephaly, delayed bone maturation, low
placental weight, normal IGF-I serum levels and marginal response to thGH. The degree of
growth failure in patients with /GFIR mutations is variable; it appears that patients with an
affected mother are more severely prenatally growth retarded (11) than if the affected member is
the father (16) or if there are no familial antecedents. It could be argued that maternal IGF-I
resistance during pregnancy could affect placental size and as a consequence fetal growth (11)
as it was observed in our case where the placenta was reported to be diminished. This
hypothesis is supported by the finding that placentas from intrauterine growth retardation
pregnancies are characterized by decreased expression of IGF-I and IGFIR and signal
transduction proteins (24-25) as we have previously reported (26). The family we present
showed variability regarding prenatal and postnatal growth failure with the index case being
more severely affected than her mother. The mother and maternal grandmother showed a
moderate delay in menarche as it has been found in other patients (11,14,17). Osteoporosis has

not been reported in the cases studied and our observation is in agreement with this finding (11).

IGF-I deficiency caused by homozygous IGFI gene mutation has been associated with
microcephaly and developmental delay (6,7,27). In contrast, the impact of IGF-I resistance on
mental development is variable (9). The index case and the rest of the family members affected
showed microcephaly without intellectual delay. This is in contrast with the presence of a below
average psychomotor development and speech retardation in some patients with IGF1R
mutation (8-10,15). Opposite to patients with genetic IGF-I deficiency, audition is not affected
in patients with heterozygous /GFIR mutations reflecting that partial impairment of IGF-I

signalling is sufficient for normal development of the inner ear.

We observed normal IGF-I serum levels that increased when treated with thGH. Even in
patients with IGFIR deletion, IGF-I has been reported to be low in early infancy (28).

Nutritional disorders and poor food intake is frequent in patients with /GF IR mutations and this
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may explain the low or normal levels of IGF-I observed in some cases (11,12) which normalizes

after realimentation.

The functional studies of each of the heterozygous /GF IR mutation reported, including
the novel mutation presented in this study, indicate that higher amounts of IGF-I are needed to
achieve levels of Tyr-phosphorilated IGFIR equivalent to those of the control and that increased
concentrations of IGF-I may lead to normalizing activation of the IGFIR pathway. This
observation indicates that thGH and/or rhIGF-I treatments may confer a potential of benefit to
these patients. In the reported cases treatment with thGH have showed inconsistent results.
While some of them have not result in significant catch up growth (8,12,13,15) other have
shown modest short-term response (10,16) or satisfactory long-term response as is the case of a
patient with IGF1R haploinsufficiency due to terminal 15q26.2 deletion (29). The index case
was treated with thGH showing partial response. The final outcome of rhGH therapy may
depend not only on the dose used, as pharmacological doses are needed to overcome IGF-I
resistance, and duration of therapy but also on the specific impact that each heterozygous

IGF IR mutation may have on cell growth and on the genetic background of the patient (30).

In summary, in this study we describe a novel /GFIR mutation associated with partial
IGF-I resistance in the context of familial short stature associated with intrauterine growth
retardation. In vitro experiments argue for its functional impact by impairing IGF-I signal
transduction suggesting that the mutation results in inactivation of one copy of the /IGFIR gene.
We support the concept of analyzing /GFIR gene when facing short statured-children associated
with intrauterine growth retardation and microcepahly, especially if familial antecedents are
present in the maternal side, with normal or elevated levels of IGF-I and less than expected

response to thGH treatment.
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Figure 1

A: Pedigree of the proband case and heights of the family members. Shaded circles

represent the IGF1R mutation cases (mut+). Mut-: absence of mutation.

B: Chromatogram of IGF1IR DNA sequence of exon 7 in the index case (case A), the
mother (case B) and the grandmother (case C) obtained by direct sequencing of PCR products

revealed a heterozygous missense mutation corresponding to Y487F.
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Figure 2

Ninth-passage confluent fibroblasts from each of the 4 different cultures [(child control,
child (Y487F), mother control and mother (Y487F)] were plated in 12-well tissue culture plates
at a density of 100,000 cells/well in 1 ml MEM with 10% FBS. After 72h, the medium was

©CoO~NOUTA,WNPE

10 aspirated, fibroblasts washed and incubated for 16h at 4°C with 1 ml of serum and antibiotic-
11 free medium containing '** I-IGF-1 (120,000 cpm; 0.06 x 10°M) with/without increasing
13 concentrations of IGF-1 (0-1-10-50-100-1000 ng/ml; 0.13 to 130 x 10°M). Four different wells
were prepared for each condition. At the end of the incubation period, media were aspirated,
16 cells washed twice with 1 ml of serum- and antibiotic-free medium and cells solubilized in 1 ml
of NaOH 1N at 37°C for 1 h; 0.5 ml were transferred to a gamma counter and the rest kept at -
19 20°C for protein content determination. Results were expressed as cpm bound per mg of protein.
The curves represent the mean of quadruplicates. No differences were observed between patient

22 and control curves.
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Figure 3

I) IGFIR phosphorylation stimulation by IGF-1 was measured in cell extracts from 12-
well plate cultures: 100,000 cells per well were plated, 6 wells per culture (A = child control, B
= child Y487F, C = mother control and D = mother Y487F), with 1 ml MEM and 10% FBS;
cells were incubated for 48h, then for a further 24h with 1 ml MEM and 0.5% FBS followed by
stimulation with increasing amounts of IGF-1 (0-10-25-50-100 ng/ml) for 10 min at 37°C. Cells
were washed with ice-cold PBS, scraped in 1 ml of ice-cold RIPA lysis buffer (Millipore®)
containing pepstatin A, aprotinin, leupeptin and PMSF, incubated in ice for 15 min, vortexed for
10 sec and centrifuged for 10 min at 12000 rpm at 4°C: extract aliquots were frozen at -80°C for
total protein, total IGFIR and phospho-IGF1R measurement. Total IGFIR (beta subunit) and
phospho(Tyr1135/1136)-IGF1R were measured by ELISA. The ratio of phospho-IGF1R to total
IGF1R (IU/ng) indicated the relative proportions in each extract.

II-1IT) AKT and ERK phosphorylation stimulation by IGF-1 was measured with cell-
based fluorogenic ELISAs. 20,000 cells/well were plated in the 96-microwell plate: four wells
for each condition and each culture [A = child control, B = child (Y487F), C = mother control
and D = mother (Y487F)]. Cells were incubated at 37°C with 0.1 ml MEM and 10% FBS for
16h followed by a further 16h with 0.1 ml MEM and 0.5% FBS followed by stimulation with
increasing amounts of IGF-1 (0-10-25-50-100 ng/ml) in 0.1 ml of serum- and antibiotic-free
MEM for 10 min for the AKT plate and 15 min for the ERK plate. The phosphorylated AKT
(Ser473) and ERK 1/2 (Thr202/Tyr204)/(Thr185/Tyr187) contents were read at 460 nm
emission whereas total AKT and ERK 1/2 were read at 590 nm. Background without antibody
was subtracted in each well for each culture. The 460/590 ratio in each well indicated the
relative amount of phosphorylated to total AKT (II) or ERK (III). Results for each culture and

IGF-1 concentration are represented as means and standard deviations of quadruplicates.

' p<0.01 compared with A and D; ? p<0.05 compared with A and D; * p<0.05 compared with C;
* p<0.05 compared with A.
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Figure 4

Eighth passage confluent fibroblasts from four cultures [“child control”, “child
(Y487F)”, mother control” and “mother (Y487F)”’] were plated in 96-microwell tissue culture
plates at a density of 20,000 cells/well in 0.3 ml of MEM serum- and antibiotic-free medium.
After 48h, the medium was aspirated and fibroblasts were incubated for 48h with IGF-1 at
increasing concentrations (10 to 100 ng/ml) or FBS (10%). Control wells were incubated with
medium containing the same amount of BSA (0.1 %) as under IGF-1 conditions. [*H]-thymidine
(5 mCi/ml) was added for the last 24h of incubation. Four different wells were prepared for each
condition. Incubations were terminated by medium aspiration, followed by extensive cell
washing with 2.5% acetic acid in distilled water. Fibroblasts were then treated with 0.5% Triton
X-100 (250 ml/well; 10 min) and collected in a multiple cell harvester on glass fiber filters. The
filters were dried and counted in 5 ml Biodegradable Counting Scintillant (Amersham
Biosciences, UK) in a Beta-Counter (BECKMAN LS650 Multi-purpose Scintillation Counter)
for Smin. The result for each condition in each culture is expressed as mean cpm and standard

deviation of quadruplicates.
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Table 1. Auxological, clinical and biochemical characteristics of case A (index patient) before

and during rhGH treatment

Chronological age yrs 1.5 3.4 4.3 5.4 7.5
Height SDS -2.81 -3.19 -2.88 -2.37 -2.39
Weight SDS -3.39 -3.0 -2.78 -2.41 -2.45
BMI SDS -2.57 -2.48 -2.58 -2.18 -2.29
Tricipital skinfold SDS 1.05 -1.8 -2.13 -1.84
Subscapular skinfold SDS -1.0 -1.8 -1.31 -1.46
Head Circumference SDS -3.36 -4.07 -3.81 -3.91

Bone Age yrs 0.75 2 3.12 3.75 6
IGF-I (ng/mL) 39 171 245

IGFBP-3 (mcgr/mL) 1.78 2.85 3.38

Psychomotor development Centile 10-25 Centile 50 Centile 50

rhGH (pg/kg/day) 31 * 36 38 31

* Onset of rhGH treatment.

Results for height, weight, BMI, head circumference and bone age are expressed in SDS and

psychomotor development in centiles according to the Spanish Longitudinal Growth Study (20).
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