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Past indications for GH therapy

La prescrizione a carico del SSN, su diagnosi e piano terapeutico di centri specializzati,

Universitari o delle ASO, individuati dalle Regioni e dalle Province autonome di Trento e

Bolzano, è limitata alle seguenti indicazioni:

Età evolutiva
- bassa statura da deficit di GH

- sindrome di Turner

- deficit staturale nell’IRC

- sindrome di Prader-Willi in soggetti prepuberi



Current indications for GH therapy

La prescrizione a carico del SSN, su diagnosi e piano terapeutico di centri specializzati,

Universitari o delle ASO, individuati dalle Regioni e dalle Province autonome di Trento e

Bolzano, è limitata alle seguenti indicazioni:

Età evolutiva
- bassa statura da deficit di GH

- sindrome di Turner

- deficit staturale nell’IRC

- sindrome di Prader-Willi in soggetti prepuberi

- bambini nati piccoli per l’età gestazionale (SGA - Small for Gestational
Age) con età uguale o superiore a 4 anni



Adapted from M.O. Savage et al. Clin Endocrinol (Oxf). 2010

Extreme 

GHD

The continuum of GH-IGF-I axis defects



Extreme 

GHD

In these children hormonal levels at birth and in early life are comparable to 

those found in patients with chronic diseases

 Normal or elevated GH levels with low IGF-I and IGFBP-3

They show a partial 

peripheral resistance to GH

These children are potential 

candidates for GH therapy

Approximately 10% of children born SGA will remain ≤ -2 

SD for height throughout childhood and adolescence and 

into adulthood

Current indications for GH therapy: Small for 

Gestational Age (SGA)



SGA: Growth Hormone treatment 

Final height increases of 7-12 cm, compared to untreated children

The dose (0.48mg/kg/sett) are double compared with those used in GHD 

patients, highlighting a partial peripheral resistance

To get a good catch-up growth, therapy should be initiated as soon as 

possible (difference between FDA and EMA)

P.E. Clayton. J  Clin Endocrinol Metab. 2007



New perspectives for use of GH

5) Idiopathic Short Stature (ISS)

1) Noonan Syndrome (NS)

2) Cystic Fibrosis (CF)

4) Short-Stature Homeobox- Containing 

(SHOX) Gene deficiency

3) Thalassemia Major (TM)



Noonan Syndrome (NS)

Extreme 

GHD

Short stature is reported in more than

80% of patients

The secretion of growth hormone is

normal

Mean adult height is 167.4 cm in males

and 152.7 cm in females. Overall, mean

adult height is approximately –2 SD

50% of NS presents PTPN11 mutations

Mutations lead to gain in function of SHP-2

New mutations have been identified in other

genes involved in RAS-MAPK cascade

(KRAS,SOS1,RAF1)
M.A. Razzaque et al. Nat Genet. 2007

R. Padidela. Horm Res. 2008 



NS: Growth Hormone treatment

The subjects included were treated with GH until final height was 

reached, demonstrating the effectiveness of this therapy

C. Noordam. Eur J Endocrinol. 2008 

Results:

 Final hight SDS increased of -1.5 and +1.2 in national standards and Noonan 

standards, respectively

 Response is comparable both in subjects with the PTPN11 mutation (tyrosine 

phosphatase-dependent) and in patients without this mutation



Cystic Fibrosis (CF)

Two groups:

• controls (NT);

• GH treated

Dose:

0,3 mg/kg/wk

D.S. Hardin et al. J Clin Endocrinol Metab. 2006

Background:

 Difficulty to gain weight and to attein a normal linear growth

 Growth deficit not corrected during puberty

 Poor weight gain associated with worsened clinical status



CF: Growth Hormone treatment

Growth velocity & weight increase:

GV:

• NT: 3,8 +/- 1,4 cm/yr

• GH: 8,1 +/- 2.4 cm/yr

Weight increase:

• non GH: 2,1 +/- 0,9 kg/yr

• GH: 4,5 +/- 1.1 kg/yr

Lean body mass increase:

• NT: 2,1 +/- 1,6 kg;

• GH: 4,7 +/- 1,7 kg

Significant reduction of

hospitalizations for lung diseases in 

subjects treated with GH



Thalassemia Major: Growth Failure

N. Skordis & A. Kyriakou. Pediatr Endocrinol Rev. 2011

Growth, in well treated patients, is normal until 

9-10 yrs

Multifactorial pathogenesis:

 Free iron and hemosiderosis-induced damage of

endocrine glands

 Chronic anemia, hypoxia

 Chronic liver disease

 Zinc, folic acid & nutritional deficiencies

 Intensive use of chelating agents

 Endocrinopathies: hypogonadism, delayed puberty,

hypothyroidism, disturbed calcium homeostasis and bone

disease, dysregulation of the GH-IGF-I axis



Thalassemia Major: Growth Hormone treatment

M. Delvecchio & L. Cavallo. J Endocrinol Invest. 2010



Short-Stature Homeobox- Containing (SHOX) Gene 

deficiency

2-3% of children with ISS shows

SHOX mutations (pseudoautosomal

region of X and Y chromosomes)

P. Cohen. J Clin Endocrinol Metab. 2008 

G.A. Rappold. Trends Endocrinol Metab. 2002

Extreme 

GHD

SHOX deficiency causes short stature

with a highly variable phenotype

which is frequently nonspecific in

preschool children



•Shortening of the fourth and 

fifth metacarpals

•High arched palate

•Increased carrying angle of 

the elbow

•Scoliosis

•Micrognathia.

SHOX Deficiency: Diagnostic algorithm



Routine analysis of SHOX should not be undertaken in all chidren with ISS

SHOX gene analysis should be  considered for any patient with clinical findings 

compatible with SHOX haploinsufficiency

G. Binder et al. Horm Res Paediatr. 2011



SHOX Deficiency: Growth Hormone treatment

Three groups:

• 25 pt controls

• 27 pt GH treated

• 26 pts Turner S.

52 prepubertal pts with SHOX gene defects 

W.F. Blum et al. J Clin Endocrinol Metab. 2007



Idiopathic Short Stature (ISS)

Children with ISS have a normal

birth weight and are GH sufficient

It is estimated that approximately

60-80% of all short chidren, at or

below -2 SDS, fit the definition of

ISS

ISS is a condition in which the

height of an individual is more than

2 SD score below the

corresponding mean height for a

given age, sex, and population

group without evidence of systemic,

endocrine, nutritional or

chromosomal abnormalities

Extreme 

GHD



ISS: Growth Hormone treatment

In the United States and seven other countries, the regulatory authorities

approved GH treatment (at doses up to 53 µg/kg/d) for children shorter

than 2.25 SDS

Successful first-year response to GH treatment includes an increase in

height SDS of more than 0.3– 0.5

The mean increase in adult height in children with ISS attributable to GH

therapy (average duration of 4–7 yr) is 3.5–7.5 cm

GH therapy for children with ISS has a similar safety profile to other GH

indications

P. Cohen. J Clin Endocrinol Metab. 2008 



Extreme 

GHD

Different dose of rhGH

 Adjust the therapy 

to GH sensitivity

New treatment options: rhIGF-I

rhGH Doses & New Options



Future of GH therapy



Mutational spectrum of GHD

P.E. Mullis et al. Best Pract Res Clin Endocrinol Metab. 2011 

Extreme 

GHD



M.O. Savage et al. Clin Endocrinol. 2010 

Mutational spectrum of GHI or IGF-I Deficiency

GH receptor defects

• Extracellular mutations

• Transmembrane mutations

• Intracellular mutations

GH signal transduction defects

• STAT 3

• STAT 5b

• SHP-2 (encoded by PTPN11),

K-RAS, H-RAS mutations

IGF-I gene mutations or deletions

• Bio-inactive IGF-I

• Acid-labile subunit defect

• IGF-I receptor mutations

Extreme 

GHD



J.M. Wit. Horm Res. 2007

Causes of short stature according to ESPE 

classification

>80% of causes of short stature are idiopathic

Extreme 

GHD



The “grey zone”: Background

 GH is not the only mediator of skeletal growth

 Tests use to diagnose GH deficiency presents arbitrary cut-

off levels and low accurancy

 Many genetic defects have been described and have

presented important insights into the molecular basis of GHD

and non-GHD growth failure

 The problem of ISS: our diagnostic tools are not able to find

an etiological diagnosis

Diagnostic 

test

False +

Partial GHD

False -

ISS



The “grey” zone: Background (2)

 Patients with ISS show a similar severity of short stature

compared to other disorders



Pharmacogenetics (impact of one gene) and pharmacogenomics

(impact of several genes, genome) is the study how a person’s

gene/genome can influence his response to GH treatment

The future: Pharmacogenomics & Personalized 

Medicine

In future the use of specifically designed and personalized prediction

models may well facilitate the decision about whether the growth

response to a given therapy (rhGH; rhIGF-1) in an individual child is

appropriate or not

With regard to GH treatment, pharmacogenomics may play a major 

role in the individual response to therapy
Endocr Dev. 2010



The future: Pharmacogenomics

SIGNAL

2 3 4 5 6 7 8 9 10

TRANSMEMBRANE
EXTRACELLULAR

CYTOPLASMIC

deletion exon 3

C. Dos Santos. Nat Genet. 2004



The future: Expressional studies, JAK/STAT 

pathway; ISS & SGA 

73% of genes (61/84) is down-regulated; 

27% (23/84) is up-regulated

75% of genes (63/84) is down-regulated; 
25% (21/84) is up-regulated

Gene name Well

JAK2 D2 1.22 0.220

STAT1 G2 1.20 0.237

STAT3 G4 -1.37 0.204

STAT5a G6 -1.50 0.083

STAT5b G7 1.06 0.815

GHR B10 1.33 0.637

CXCL9 A11 2.48 0.014

P-valueFold change

IFNγ C1 1.34 0.349

IS
S

S
G

A

Gene name Well Fold change P-value

JAK2 D2 -1.25 0,348

STAT1 G2 1.32 0,170

STAT3 G4 -1.29 0,053

STAT5a G6 -1.92 0,114

STAT5b G7 1.28 0.253

GHR B10 1.21 0,540

CXCL9 A11 1.24 0,524

IFNγ C1 1.74 0,011

GBP1 B9 1.51 0.019

L. Trovato et al. Pituitary. 2011. In press



IFNγ: mRNA expression & serum levels in the 

different study groups 

The future: Expressional studies, role of INFγ
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We showed an increase of IFNγ both as mRNA quantitative expression and 

serum levels in ISS, GHD and SGA patients without catch-up growth

L. Trovato et al. Pituitary. 2011. In press



The future: Expressional studies, JAK/STAT 

pathway; GHD 

Pituitary. 2011



The future: Pharmacoproteomics

Nagalla and Rosenfeld have evaluated protein expression patterns in

patients with GHD and GHI resulting from mutations of the GHR gene

using a variety of proteomic techniques, and have identified

discriminatory serum protein patterns

These observations require large-scale confirmation, but strongly 

support the diagnostic value of high throughput proteomic 

technologies

Patients with GHI or GHD could be distinguished from controls with

greater than 99% confidence; GHI and GHD serum patterns could be

discriminated from each other with greater than 96% confidence

Eur J Endocrinol. 2010



Proteomics: GHD vs BS   
BS 12,2 yrsGHD 1,9 yrs
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n=3

# Spot 198 266  

# NO Spot 68 0

↑↓ Expression 

(2-fold)
8 42

Proteomics: GHD vs ISS   
BS 12,2 yrsGHD 11,9 yrs

High Molecular Weight
3 10 MWpI
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GHD Female     
11,9 yrs

ISS Female 
12,2 yrs



Conclusions

There are a lot of new indications and future

perspectives for GH therapy

Many genetic defects have been described and have

presented important insights into the molecular basis of

GHD and non-GHD growth failure

Many causes of short stature still remain idiopathic and

ISS represents a “grey zone” where our diagnostic

tools are not able to find an etiological diagnosis and

consequently an adeguate treatment

Future approaches in the management of short stature

will be pharmacogenomics, expressional studies and

pharmacoproteomics


