The Efficiency of Recombined Growth Hormone Therapy
in Idiopathic Short Stature
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Idiopathic short stature (ISS) deficiency reflects a major public health issue. In Romania the incidence is 1/
3000 - 6000 births, with an increased prevalence in boys. 1SS is the condition where the height of a subject
is more than -2.5 DS below the height of the population for the population in which it is included, below the
mean height for age and sex, but without any nutritional, systemic or chromosomal abnormalities. Significant
for children with ISS is that weight is normal at birth and growth hormone levels are normal. This study
shows the evolution of the height to normal values specific to the biological age, reaching the normal
stature, according to auxological parameters, after growth hormone therapy
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Idiopathic short stature (ISS) represents a major public
health issue given the fact that, in Romania, its’ incidence
is 1/3000-6000 births. Its’ prevalence is higher in boys.

ISS is a condition in which the height of the subject is
more than 2.5 SD below the heights’ mean value for a
given population group and below the heights’ mean value
for a given age and sex group, without any nutritional,
endocrine or chromosomal identifiable anomalies. One
characteristic in children with ISS is that the weight is
normal at birth and the values of the growth hormone are
normal [1].This definition of ISS includes children with a
constitutional delay in growth, late onset of puberty and
familial short stature. The auxological criterias are the ones
that divide ISS this way. Consequently, a distinction is made
between children who have a family history of short stature
and the ones who have a smaller stature compared to
their parent’s height.

The target height in the standard deviations is calculated
according to the following formulas [2]:

- the target height for girls in cm = mother’s height in
cm++(father’s height in cm - 13)/2

- the target height for boys in cm = (mother’s height in
cm+13)+father’s height in cm/2

Bone age also represents a criteria for classification in
ISS which can indicate the probability of growth and
puberty delay [3-6].

In most cases children with ISS have normal secretion
and secretory dynamic of GH and the pharmacological
GH provocation tests can be negative. However, the
treatment with GH improves linear growth, even though,
in children without GH treatment, the final height is
considered acceptable by the family. Regarding the etiology
of the slow growth rhythm in children, many subtle
disturbances in the hypothalamic-hypophyseal-IGF axis are
involved. [7-9]. GH secretory deficiency remains the most
important pathogenic factor for the short stature in

approximately 3-12% of the children with growth delay. In
about 50-75% of these children, the GH decrease is
idiopathic.

GH is secreted daily in variable quantities in the
hypophysis. It totalizes about 1-5 mg and represents 4-
10% from the gland’s dry weight. The somatotrope
hormone has a hyperglycemic and lipolytic effect, being
able to mobilize the energy from the deposits, ensuring
the basic energy needed for the anabolic internal
processes, thus favorizing and being considered an
intermediate in these processes.

The growth hormone is a polypeptide composed of 191
amino acids and contains two disulfide intramolecular
bonds (between the 58-165 and 282-189 amino acids). It
has a molecular weight of 22kd (B isomer 22kd variant)
and is secreted by the specialized cells in the anterior
hypophysis (somatotrope cells). GH shares homologue
sequences with prolactin, placenta lactogen (chorionic
somatotrope hormone) and a 22kd variant of GH (GH-V)
which is secreted only by the placenta. The genes for these
proteins are located on different chromosomes
(chromosome 6 for prolactine, chromosome 17 for GH).
[10-12].

Experimental part
The aim of the study

This study aims to show relevant data regarding the
effects on growth hormone therapy for children with
Idiopathic short stature.

Material and method

24 1SS subjects were included in our study with ages
between 4 and 16 years. These patients were treated with
GH for a period of one year. This study presents the height
development to normal values for their biological age,
reaching normal stature according to auxological
parameters after GH therapy.
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The following criteria were used for including the ISS
patients in our study:

-Normal GH values in 18 patients and values close to
the lower limit in 6 patients; after the insulin induced
hypoglycemia test the low basal value raised over 10 ng/
mL;

-Normal IGF1 values in 13 patients and low values in 11
patients;

-No other height hypotrophy causes: malnutrition,
genetic or systemic diseases, small weight at birth, small
gestational age.

rhGH treatment was initiated in all 24 patients with a
dosage of 0.2 mg/kg/week, being administered sub-
cutaneously daily on a 12 months period.

In addition, tests for SSC gene polymorphism of the GH
receptor were done in order to detect any defects of this
gene.

Results and discussions

A liniar growth in the subjects’ height can be noticed in
the tables below with a mean value of 9.5 cm after one
year of treatment and a Z score of the height with a mean
value of -2.44.

The BMI, chronological age and SD are presented in the
table 1.

The speed of the height’s improvement is shown in the
table 2.

Z score of the height also known as the relative height
was calculated according to the following formula:

Z of height=real height - mean height value for the given sex
and age/SD (standard deviations for the corresponding
age and sex)

The values for the mean height and SD were obtained
from standard anthropometric tables (Prader et.al 1998)

The mean value for the parent’s height was calculated
using the formula below:

MPH for boys=(father’s height+mother’s height+13 cm)/2
MPH for girls=(mother’s height+father’s height-13cm)/2
BMI=weight/height? (kg/m?)

The analysis of the SCC polymorphism of PCR fragments
in the genomic DNA has shown mutations in the GH
receptor gene that code for the extracellular domain in 4
children (fig. 1).

These patients’ profile is presented in the table 3. The
values are those before initiating the treatment

The growth rhythm and the Z score of the height are
shown in the table 4 with values calculated after one year
of treatment.

Parameter No Mean Std Dev. | CV.
Chronelogical age | 24 .76 319 3270 Table 1
Z score of | 4 S.24 0.83 -2633 CHARACTERISTICS OF ISS PATIENTS BEFORE TREATMENT
height(3D)
BMI pr | 1552 162 1044
MHF{cm) yr | 164881007 607

Parameter Mo Mean Std Dev, CV. Table 2

Z Fheight after | 24 X 0.96 3941

lrem(sD) oo CHARACTERISTICS OF ISS PATIENTS AFTER
Growth speed under | 24 950 1.66 2798 TREATMENT

treatment {cr)

Fig. 1. SCC polymorphism analysis of PCR fragments
in the genomic DNA from the 4 children who present
mutations in the GH receptor gene. Normal subjects (N)
were included in each figure. A-7th exon in patients 1, 2,
3 and 4; the excess band in the PCR product obtained
from patient 1 (arrow) indicates the presence of a
mutation. B- 5" exon in patients 2, 3 and 4 with excess
bands (arrows) in the PCR products from patient 2. C,
D- 4" exon in C and 6" exon in D from patients 2, 3 and
4. Excess bands can be noticed in patient 4. E- 7" exon
in patients 6=>5, 6 and 7 with an excess band (arrow)
from the probe that belongs to patient 7.

Patient Sex Chronological age Z score of height GH* IGF1
1 M 8 vears -2.76 5D 0.45 low Table 3
bl ¥ 16 vears RSN T HG tormal PROFILE OF PATIENTS WITH
N GENETIC MUTATIONS BEFORE
4 F 6 years 11 months -328 5D 015 normal TREATMENT
T F 3 years 4 momnths -3205D 215 low
*GH normal: 0.3-Tng/ml)
Pactient Z score of height after treatment | Growth speed during treatment
1 2228D 8 em/year Table 4
1 22T 5D 3 chvear PROFILE OF PATIENTS WITH
3 AITED W e ear GENETIC MUTATIONS AFTER
N : TREATMENT
4 -340ED 4demyvear
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Initially, before 1985, the hormone used for therapy was
extracted from the pituitary gland from cadavers. After this
period the recombined growth hormone formula was
introduced [13] which is the only efficient therapy in child
growth deficiency with various etiologies: idiopathic short
stature, GH deficiency, Turner syndrome, Prader-Willi
syndrome, chronic renal failure [13-16].

During the past few years rhGH therapy has largely
extended its’ use, including, nowadays, in treating ISS [17,
18].

The GH therapy'’s final purpose is to manage to achieve
the individual’s height according to his genetic potential.

One of the rhGH treatments’ most important effect is
the growth rhythm [13] but different metabolisms are also
being influenced. Therefore, the cellular protein synthesis
is accelerated and also the transfer of the aminoacids
though the cellular membrane and their incorporation in
the newly synthesized proteins are stimulated [19-24] In
addition, it affects the formation of hydroxiproline and
osteocalcin, thus stimulating the growth of the bone
cartilage. This effect is better shown at the epiphyseal plate
[25] through the osteoclastic and osteoblastic processes
[18,19, 26].

GH’s lipolytic action is confirmed by the decrease of the
subcutaneous and visceral adiopus tissues after initiating
the treatment with this hormone in patients with GH
deficiency. Initially high values of the LDL-cholesterol and
ahighincrease in body fat (both subcutaneous and visceral)
were observed in those patients [26-32].

GH stimulates gluconeogenesis and it inhibits the
glycolysis through pyruvate kinase [32].

Regarding the phospho-calcic metabolism, GH
intensifies the intestinal absorption of calcium [10, 13],
increases tubular reabsorption of phosphorus and
stimulates the secretion of parathormon [33] The statural
jump in children with GH deficiency is accomplished
through the primary action of IGF1 on the growth cartilage
of the long bones [10]. Other effects of GH on the bones
are already noted: remodeling phenomenon, osteoblastic
hypertrophy, mineralization [26].

In our study, the treatment with genetically recombined
growth hormone was administered and its’ effects were
evaluated after one year in all the included patients. rGH
was administered through daily injections of a dosage that
was calculated for each patient taking into consideration
their individual weight. However, one disadvantage of a
daily based treatment is that it can bring some discomfort
to the patient. To aid with this problem a study was reported
showing a raise in the patients’ compliance to treatment
by using a weekly GH administration plan [21].

The speed of the height’s increase after therapy was the
main indicator of the therapeutic effect.

In the review made after one year of treatment,
improvements were noticed both regarding the speed of
the growth but also the mean value of the Z score of height
from -3.24 SD to -2.44SD.

Out of the 4 children with GHR mutations, 3 had a slight
improvement of the Z score of the height after treatment
and in one patient the stature deficit accentuated from -
3.20DS to -3.44SD. However, itis difficult cu assess whether
the weak response to treatment in 3 out of these 4 children
with genetic defect was due to the anomalies that were
discovered or other factors can be an influence: low dose
of rhGH or the biological age. The genetic test brings a
new dimension in investigating short stature but the nature
of particular mutations is not a predicting factor in GH
therapy response. In this sense, studies have shown that
mutations in the 3" exon were associated with a decreased
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response to rhGH therapy compared to a full-length isoform
[25].

In order to fully assess the impact of rhGH therapy in
patients with genetic modifications more extensive genetic
studies are necessary [9].

Conclusions

GH substitution therapy with the purpose of obtaining a
height as close to normal as possible managed to prove
that, for the children with ISS included in our study, it was
able to have a beneficial effect. The therapy response was
translated into an acceleration of the height's growth, up
to normal values according to the biological age. Initiating
treatment at smaller chronological ages is recommended
especially because, it is well established that, during
puberty, gonadal hormones accelerate bone maturation.

Abbreviations

ISS- idiopathic short stature

GH- growth hormone

BMI=weight/height? (kg/m?)

PCR-SSO Polymerase Chain Reaction Sequence Specific
Oligonucleotide

SD- standard deviation

IGF-I- insulin-like growth factor-|

DNA-deoxyribonucleic acid

MPH-the mean value for the parent’s height
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