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NSULIN-LIKE growth factor I (IGF-I) medi-
ates the majority of the growth-promoting ef-
fects of growth hormone (GH) after birth.

 

1

 

 In
the prenatal period, GH does not appear to have a
major influence on fetal growth, whereas IGF-I
does. Infants with congenital GH deficiency and de-
fects in the GH-receptor gene have only mild retar-
dation of growth at birth,

 

2-4

 

 whereas transgenic mice
with a homozygous defect of the 

 

IGF-I

 

 gene (IGF-I
knockout mice) have profound embryonic and post-
natal growth retardation.
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 Although there is no di-
rect evidence that IGF-I has a prominent role in hu-
man fetal growth, fetal tissues express IGF-I from an
early stage, and fetal and cord serum IGF-I concen-
trations are correlated with fetal size.
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IGF-I knockout mice also have defects in neuro-
logic development, indicating that IGF-I may have
specific roles in axonal growth and myelination.
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 In
addition, neonatal mortality is substantial, suggest-
ing that this defect may be lethal in humans.

In this report, we describe a 15-year-old boy with
severe prenatal and postnatal growth failure, senso-
rineural deafness, and mental retardation who had a
homozygous partial deletion of the 

 

IGF-I

 

 gene.

 

CASE REPORT

 

The patient had been born at 37 weeks’ gestation by cesarean
section. The operation was performed because of poor fetal
growth, first noted the preceding week. The pregnancy had until
then been uneventful. At birth, the infant had symmetric growth
retardation, with a weight of 1.4 kg (3.9 SD below the mean in
normal subjects), a length of 37.8 cm (5.4 SD below the mean),

I

 

and a head circumference of 27 cm (4.9 SD below the mean).
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The placental weight was 350 g (1.3 SD below the mean).
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 The
infant required nasogastric-tube feeding for three weeks. The
highest serum bilirubin concentration was 12.9 mg per deciliter
(221 

 

m

 

mol per liter), and the lowest plasma glucose concentra-
tion was 40 mg per deciliter (2.2 mmol per liter). At four weeks,
he was well and was sent home.

Throughout infancy and childhood, severe growth failure con-
tinued (Fig. 1). Poor responses to sound were noted, and audio-
grams showed profound bilateral sensorineural deafness (auditory
threshold, 90 dB). The patient had moderately delayed motor de-
velopment and behavioral difficulties, with hyperactivity and a
short attention span.

Studies performed at the age of eight years showed a normal
male karyotype, normal thyroid function, a basal serum GH con-
centration of 18 ng per milliliter, and a peak serum GH concen-
tration of 94 ng per milliliter after the administration of clonidine
(both values are elevated). From the age of 11 to 12.7 years, the
patient was treated with recombinant human GH in a dose of
22 U per square meter of body-surface area per week, which had
no effect on his growth rate (height velocity before and during
treatment, 2.5 and 2.2 cm per year, respectively) (Fig. 1). At the
age of 14 years, his serum IGF-I concentration was 0.05 U per
milliliter (normal range for his age, 0.48 to 2.8). He was referred
to our unit with a possible diagnosis of GH insensitivity.

At 15.8 years, the boy’s height was 119.1 cm (6.9 SD below
the mean) and his weight was 23.0 kg (6.5 SD below the mean).
The body-mass index (the weight in kilograms divided by the
square of the height in meters) was 16.2 (1.9 SD below the
mean), the ratio of the upper to the lower segment was 1.07
(normal mean value at 15 years, 0.98) and the triceps skin-fold
thickness was 6.0 cm (0.9 SD below the mean); the subscapular
skin-fold thickness was normal (7.6 cm). He had microcephaly
(head circumference, 47 cm) and mild dysmorphia, with micro-
gnathia, bilateral ptosis, and a low hairline (Fig. 1). There was bi-
lateral clinodactyly (an incurved fifth finger) and a single palmar
crease in the left hand. A neurologic examination showed severe
bilateral hearing loss and mild myopia. He had normal-size gen-
italia and was in early puberty, with stage 2 genitalia and stage 1
pubic hair; the testicular volume was 4 ml bilaterally. Cardiovas-
cular, respiratory, and abdominal examinations were normal.

The boy’s parents were first cousins once removed. His mother
was 154 cm tall (1.4 SD below the mean), and his father was 163
cm (1.8 SD below the mean). He had one sibling, a 10-year-old
sister, who was 130 cm tall (1.0 SD below the mean). There was
no family history of miscarriage or neonatal death.

 

METHODS

 

We performed clinical and molecular studies after obtaining the
approval of the hospital ethics committee and the informed con-
sent of the boy’s parents.

 

Endocrine Studies

 

Bone age was determined with the use of the Tanner–White-
house–2 RUS (radius, ulna, and small bones) method,
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 and the
bone mineral density at the lumbar spine was determined by
dual-energy x-ray absorptiometry. An IGF-I generation test and
other endocrine tests were performed as previously described.
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Assays

 

Serum GH and insulin-like growth factor–binding protein 3
(IGFBP-3) were measured by immunoradiometric assay. Serum
IGF-I was measured by radioimmunoassay,
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 and undetectable val-
ues were confirmed by immunoradiometric assay (Diagnostic Sys-
tems Laboratories, Webster, Tex.). Serum IGF-II was measured by
radioimmunoassay.
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 Serum IGF-binding proteins were character-
ized by Western blotting,
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 and the acid-labile subunit was deter-
mined by immunoblotting with the use of a polyclonal antibody
(kindly provided by Dr. P. Lee, Diagnostic Systems Laboratories).

Copyright © 1996 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission. 



 

1364

 

�

 

October 31, 1996

 

The New England Journal  of  Medicine

 

Serum GH-binding protein was measured by high-performance
liquid chromatography.
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 The mean (

 

�

 

SE) degree of specific
binding of GH to the binding protein of the reference serum sam-
ple was 22.9

 

�

 

2.1 percent (11 determinations). All other hor-
mones were measured by standard radioimmunoassay procedures.

 

Molecular Studies

 

DNA was obtained from peripheral-blood lymphocytes from
the patient and his family. The segregation of the polymorphic
dinucleotide-repeat marker D12S346 (located approximately
8 cM from the locus of the 

 

IGF-I

 

 gene
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) was determined in the
patient and his family with the use of the polymerase chain reac-
tion (PCR) and end labeling of one primer.

Exons 3, 4, 5, and 6 of the 

 

IGF-I

 

 gene from the patient were
individually amplified by PCR. A skin-biopsy specimen was ob-
tained from the patient, and fibroblasts were grown in culture.
RNA was isolated from the patient’s fibroblasts, his parents’ pe-
ripheral-blood lymphocytes, and normal human liver by a single-
step method (RNAzol B, Biogenesis, Bournemouth, United King-
dom).
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 Complementary DNA (cDNA) from the patient was
obtained by reverse transcription, and 

 

IGF-I

 

 exons 3, 4, 5, and
6 were amplified with the use of PCR as previously described,

 

22

 

subcloned into pGEM-T (Promega, Southampton, United King-
dom), and then sequenced (Amersham, Amersham, United King-

dom). The sequences of the oligonucleotide primers are available
elsewhere.*

 

RESULTS 

 

Endocrine Studies

 

The patient’s bone age was 13.5 years (delay in
growth, 1.8 years). There was severe osteopenia of
the lumbar region (L2–L4 bone mineral density,
4.78 SD below the mean value for age-matched nor-
mal subjects). The results of laboratory tests are
shown in Table 1. Serum GH concentrations, meas-
ured every 20 minutes from 8 p.m. to 8 a.m., ranged
from 2.2 to 171 ng per milliliter (peak value in nor-

 

Figure 1.

 

 Retarded Growth of a Patient with a Deletion of the

 

IGF-I

 

 Gene. 
Panel A shows microcephaly and micrognathia. The growth
chart (Panel B) shows poor growth throughout infancy and
childhood. There was no response to therapy with human
growth hormone, which was administered from the age of 11
to 12.7 years (bar). The horizontal dotted lines indicate the de-
gree of delay in bone age.
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*See NAPS document no. 05341 for 1 page of supplementary material.
Order from NAPS, c/o Microfiche Publications, P.O. Box 3513, Grand
Central Station, New York, NY 10163-3513. Remit in advance (in U.S.
funds only) $7.75 for photocopies or $5 for microfiche. Outside the U.S.
and Canada, add postage of $4.50 ($1.75 for microfiche). There is a $15
invoicing charge on all orders filled before payment.
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mal subjects,

 

 �

 

10 ng per milliliter) (Fig. 2). The val-
ues for the serum acid-labile subunit and IGF-bind-
ing protein were normal (data not shown). Serum
IGF-I, IGF-II, and IGFBP-3 values in the parents
are shown in Table 2.

 

Neurologic Studies

 

Magnetic resonance imaging of the brain showed
slightly enlarged occipital horns of the lateral ventri-
cles but no other abnormalities, with an adult pat-
tern of myelination. Electrophysiologic studies showed
normal conduction times for visual evoked, soma-
tosensory, and motor potentials.

 

Molecular Studies

 

The patient was homozygous for the D12S346
polymorphism, whereas his parents and sister were
heterozygous at this locus — findings consistent with
the role of the 

 

IGF-I

 

 gene in the patient’s condition.
Exons 4 and 5 of the patient’s 

 

IGF-I

 

 gene were not
amplified in repeated PCR studies (Fig. 3), which is
consistent with the deletion of these exons. Skin fi-
broblasts from the patient had a reverse-transcriptase
PCR product that was 181 bp shorter than in normal
subjects (Fig. 4). Sequencing of this product showed
that 

 

IGF-I

 

 exon 3 continued directly into exon 6,
confirming the absence of exons 4 and 5 from the

 

IGF-I

 

 cDNA (data not shown). This deletion would
result in a mature IGF-I peptide truncated from 70
to 25 amino acids, followed by an additional out-
of-frame nonsense sequence of eight residues and a
premature stop codon. Reverse-transcriptase PCR of
cDNA from both parents yielded both the abnormal
product and a product of the expected size.

 

DISCUSSION

 

Our patient had a homozygous partial deletion of
the 

 

IGF-I

 

 gene. The main manifestation of the severe
IGF-I deficiency was extreme growth failure in utero
that persisted after birth. The patient also had pro-
found sensorineural deafness and mental retardation.

Defects in the 

 

GH

 

 gene, the gene for the pituitary
transcription factor Pit-1, and the gene for the GH-
releasing–hormone receptor have all been reported
to cause severe congenital GH deficiency associated
with predominantly postnatal growth failure.

 

2,4,23

 

 In
contrast, this patient had severe intrauterine growth
retardation, providing direct evidence that IGF-I
plays a critical part in human fetal growth, inde-
pendently of GH. Transgenic mice with a homozy-
gous deletion of the 

 

IGF-I

 

 gene have prenatal growth
failure (noted from embryonic day 13.5) and a birth
weight that is 60 percent of normal.

 

5,6

 

 After birth,
the patient grew poorly, as do the transgenic mice,
confirming the central role of IGF-I in postnatal
growth, as suggested in the somatomedin hypothe-
sis, which proposes that many of the actions of GH
are derived from hepatic IGF-I.

 

1

 

 

 

*IGF denotes insulin-like growth factor, IGFBP-3 insulin-like growth
factor–binding protein 3, and GHBP growth hormone–binding protein.
To convert the values for glucose to millimoles per liter, multiply by
0.05551; to convert the values for cortisol to nanomoles per liter, multiply
by 27.59; to convert the values for dehydroepiandrosterone sulfate to mi-
cromoles per liter, multiply by 0.002714; and to convert the values for tes-
tosterone to nanomoles per liter, multiply by 346.7.

†Serum testosterone was measured after 2000 U of chorionic gonado-
tropin had been administered intramuscularly. Normal values are for male
subjects.

‡Serum luteinizing and follicle-stimulating hormones were measured af-
ter 100 

 

m

 

g of gonadotropin-releasing hormone had been administered in-
travenously.

§Serum growth hormone and cortisol were measured after 0.15 U
of insulin per kilogram of body weight had been administered intrave-
nously. 

¶Serum IGF-I and IGFBP-3 were measured after the subcutaneous ad-
ministration of 0.1 U of growth hormone per kilogram daily for four days.
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ANGE

 

Serum glucose in the fasting 
state (mg/dl)

86 70–110

Serum thyrotropin (

 

m

 

U/ml) 2.5 0.3–5.0

Serum prolactin (ng/ml) 19

 

�

 

20

Serum cortisol at 9 a.m. 
(

 

m

 

g/dl)
14.1 4–19

Serum dehydroepiandroster-
one sulfate (ng/ml)

2400 Before puberty, 

 

�

 

100–
600; after puberty,
2000–3350

Serum testosterone (ng/dl)†
Basal
On day 3
On day 5

120
300
380

Before puberty, 

 

�

 

60;
after puberty, 400–
800

Serum luteinizing hormone 
(mU/ml)‡

Basal
At 20 min
At 60 min

2.2
27.4
24.1

After puberty, 3–25
(basal)

Serum follicle-stimulating 
hormone (mU/ml)‡

Basal 
At 20 min
At 60 min

2.6
6.3
4.7

After puberty, 1–10
(basal)

Serum growth hormone
(ng/ml)§

Basal 
Peak

2.2
61 (at 60 min)

 

�

 

10 (stimulated)

Serum cortisol (

 

m

 

g/dl)§
Basal
Peak

5.4
35.7 (at 120 min)

 

�

 

20 (stimulated)

Serum IGF-I (ng/ml)¶
Basal
On day 5

Undetectable (

 

�

 

2)
Undetectable (

 

�

 

2)
After puberty, 100–494

(basal)

Serum IGFBP-3 (mg/liter)¶
Basal
On day 5

3.3
3.3

Age 13–15 yr, 2.3–5.2
(basal)

Basal serum IGF-II 
(

 

m

 

g/liter)
1430 1010 (in pooled serum)

Basal serum GHBP (%) 18.7 14–42
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