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• Overview of the GH-IGF Axis: Historical context and molecular considerations

• From Congenital – Genetic– to Idiopathic GH/IGF-I deficiency

• Phenotype

• Genotype

• Genetic Defects Causing GH Insensitivity 

GHR

STAT5B

IGF1

IGFALS

IGF1R ..and beyond 

• Growth plate matrix and signaling (proteoglycans, TGF …)

Outline

IGF-I Deficiency

IGF-I Insensitivity



July 1837: 26 years; Transmutation of  Species: I  think

Above the first evolutionary tree

Charles Robert Darwin 1809 - 1882





• Humans (Homo sapiens) and chimpanzees (Pan troglodytes) last shared a 

common ancestor ∼5-7 million years ago (Mya) (Chen and Li 2001; Brunet et 

al. 2002)

• The difference between the two genomes is actually not ∼1%, but ∼4%—

comprising ∼35 million single nucleotide differences and ∼90 Mb of 

insertions and deletions

• What makes humans different from their closest evolutionary relatives, and 

how, why, and when did these changes occur? 

• These are fascinating questions, and a major challenge is to explain how 

genomic differences contributed to this process
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Discovery of Rare and Common Variants on a 
Historical Timeframe



• Incidence rate 4.2 cases per 100,000

• Prevalence rate of 45.5 per 100,000

• GH deficiency

- Genes implicated in GH secretion IGHD/CPHD

- Genes implicated in cellular differentiation 

IGHD?/CPHD/MPHD

- Genes implicated in early development (Syndromic

GHD/CPHD/MPHD)

• Sporadic (de novo)

• Familial, AR/ AD/ X-linked

• 5-30% of cases

Genetic Hypopituitarism



Neonatal period -infancy (severe GHD-MPHD)

• Hypoglycemia

• Seizures

• Prolonged conjugated jaundice

• Poor feeding

• Hypotonia

• Nystagmus

• Respiratory distress

• Neonatal sepsis

• Micropenis in male newborns (undescended testes)

• Breech deliveries or breech presentation

Hypopituitarism-Presentation
Normal birth length and weight



Infancy- childhood

• Immature facies

• Prominent forehead

• Depressed midline development

• Delayed dentition

• Thin and sparse hair

• Low muscle bulk and increased subcutaneous fat

• Slow nail growth

• High-pitched voice

• Micropenis in male newborns

Hypopituitarism-Presentation

Thin sparse hair

small hands

“Doll face” 

immature face
Prominent forehead

Mandibular hypoplasia

depressed nasal bridge



• 46 patients

• Abnormal age-adjusted growth 

velocity < 7 cm/year in the 

first 2 yrs

• Abnormal height < 3rd 

percentile

• GH < 10 ng/ml (2 tests)

• 85% MPHD

• MRI Congenital abnormalities 

(EPP, ES, SOD, 

holoprosencephaly)
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Hypopituitarism-Presentation
Linear Growth Characteristics of  Congenitally GH-Deficient Infants from Birth to One Year



TARGETS
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Congenital - Genetic GH Deficiency
Multiple Players at Work

Primary GHD 

(secondary IGF-I Deficiency)

Defects in GH production

Primary IGF-I Deficiency

Defects in GH action/GH Insensitivity

Functional IGF-I Deficiency

(IGF Resistance Insensitivity)

Defects in IGF-I action

Condrocyte abnormalities

HMGA2

Cell cycle gene
Primordial Dwarfism

TRAIP

XRCC4 



Disorder Mode Genetic defect hGH 

protein

GH 

antibody

Phenotype

IGHD 1A AR GH-1 : Homozygous 

deletions, mutations

Absent +/- Severe dwarfism

IGHD 1B AR GH-1 :splice site mutations, 

frameshifts, stop codon 

GHRHR : mutations 

(missense), deletions

Low None Less severe short 

stature

IGHD II AD GH-1 Splice site mutations

Mutations Exon splice 

enhancer 

intron splice enhancer (ISE)

IVS-deletions

Low None Less severe short 

stature

MPHD

IGHD III X-linked Unknown; X-linked 

agammaglobulinemia?

Gain of  function in SOX3? 
other genes

Low None Short stature±

immune defects

Hypopituitarism
Genes implicated in GH secretion (IGHD/CPHD)

Courtecy
L Ghizzoni



• Patients from Indian subcontinent 
and Brazilian pedigree: autosomal 
recessive (Severe growth failure, 
proportionate dwarfism, minimal 
facial hypoplasia, no hypoglycemia, no 
microphallus, pubertal delay

• Low GH, IGF1

• Anterior pituitary hypoplasia (Maheshwari 

HG et al. JCEM 1998;83:4065-74)

• Absence of  frontal bossing 

• Small Anterior Pituitary (somatotroph 

depletion in little mouse)

• Normal location of  Posterior Pituitary

• Normal Pituitary Stalk 
(Netchine et al. JCEM, 1998;3:432-436)

Genetics of GH Deficiency- Dwarfs of Sindh 
GHRHRmutations (Type 1B)
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Courtecy
L Ghizzoni





Salemi S, et al. Eur J Endocrinol. 2005,153:791-802. 

CLINICAL / GENETIC EVALUATION: GH- / IGF-I axis

A u t o s o m a l  D o m i n a n t l y  I n h e r i t e d



• 89 subjects with IGHD 
belonging to 32 families

• were studied on clinical basis, 
GH-1 gene was sequenced

• 69 subjects belonging to 27 
families 

• splice site, missense mutation

Genetics of GH Deficiency - IGHD Type II
IGHD II: an evolving pituitary deficit?

• 5’ IVS-3 +1 / 2 bp

– Age median (range): 3.6 years (1.3 - 5.4)

– Height median (range): -3.2 SDS (2.6 - 4.1)

• 5’ IVS-3 +5 / 6 bp

– Age median (range): 4.2 years (2.1 - 6.4)

– Height median (range): -3.1 SDS (2.5 - 3.1)

• missense mutations

– Age median (range): 7.6 years (1.9 - 9.1)

– Height median (range): -2.8 SDS (2.2 - 3.7)

5' 3'2 3 4

II III IV Vexons

GTGAGT --> GTGAGC

GT-->CT

GT-->TT

GT-->AT

+28G-->A

GAG TCT AT--> GTC TAT
56   57         56   57

Glu  Ser            Val  Tyr

   183 

CCG --> CCA 

Arg     His

       89 

CCC --> CTC 

Pro     Leu

GTGAGT --> GTGACT

GTGAGT --> GTGAAT

GAAGAAG  --> GAAG GAG

GAAGAAG  --> GCAGAAG

       110 

 GTT -> TTT 

 Val       Phe



Genetics of GH Deficiency - IGHD Type II
IGHD II: an evolving pituitary deficit?

• 5’ IVS-3 +1 / 2 bp

– treated rhGH: n: 21; 4 ACTH, 3 TSH insufficient (20%)

– untreated : n: 24; 3 ACTH, 2 TSH insufficient (17%)

• Age median (range): 44 years (21 - 71).

– intrafamilial variability

• 5’ IVS-3 +5 / 6 bp

– No abnormalities found: totally 19 index patients and 21 untreated subjects studied

• missense mutations

– P89L: 

• treated rhGH n:12, 8 ACTH and/or TSH insufficient

• Untreated: n: 5, 4 ACTH and/or TSH deficient

– R183H: no abnormalities found; n:6



Genetics of GH Deficiency - IGHD Type II
IGHD II: an evolving pituitary deficit?

• Clinical phenotype depends on GH-1 gene alteration

• Splice site mutations within 5’IVS-3 +1 /+ 2bp are more severe 
than 5’IVS-3 +5 /+ 6bp

• Variability in onset, severity, and progression is evident between 
mutation genotypes and may also occur within families with the 
same mutation

• That other hormone deficits can develop in IGHD II patients, 
underscores the clinical importance of maintaining vigilance for 
development of other hormonal deficiencies over the years
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• Who should be screened? 

• How should they be screened?

• When should they be be screened?

Management of Congenital GH Deficiency



Congenital–Genetic–Idiopathic Hypopituitarism
Phenotype/Genotype Relevance



Extra Pituitary 

• Arnold-Chiari type I

• Tentorial anomaly

• Septum pellucidum  

agenesis

• Septo optic dysplasia

• Cortical dysplasia

• Absence of  internal 

carotid artery

• Arnold-Chiari type II

• Vermis dysplasia

• Periventricular heterotopia 

• Corpus callosum dysgenesis

• Basilar impression

• Arachnoid Cyst 

• Syringomielia

CC

AC

PO

Structural & Pituitary Abnormalities in Congenital GH Deficiency

CNS Malformations



Idiopathic - Genetic GH Deficiency
Genes implicated in cellular differentiation



Science. 1992 Aug 21;257(5073):1118-21.

Mutation of the POU-specific domain of Pit-1 and hypopituitarism without pituitary hypoplasia.

Pfäffle RW, DiMattia GE, Parks JS, Brown MR, Wit JM, Jansen M, Van der Nat H, Van den Brande 
JL, Rosenfeld MG, Ingraham HA.

Department of Pediatrics, Emory University School of Medicine, Atlanta, GA 30322.

Abstract

• A point mutation in the POU-specific portion of the human gene that encodes the tissue-specific 
POU-domain transcription factor, Pit-1, results in hypopituitarism, with deficiencies of growth 
hormone, prolactin, and thyroid-stimulating hormone. In two unrelated Dutch families, a mutation in 
Pit-1 that altered an alanine in the first putative alpha helix of the POU-specific domain to proline was 
observed. This mutation generated a protein capable of binding to DNA response elements but 
unable to effectively activate its known target genes, growth hormone and prolactin. The phenotype of 
the affected individuals suggests that the mutant Pit-1 protein is competent to initiate other programs 
of gene activation required for normal proliferation of somatotrope, lactotrope, and thyrotrope cell 
types. Thus, a mutation in the POU-specific domain of Pit-1 has a selective effect on a subset of Pit-1 
target genes.

Congenital/Genetic GH Deficiency
Genes implicated in cellular differentiation
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J Clin Endocrinol Metab 1995;80:679-684

• Birth weight 4 kg

• Birth length 49.5 cm

• Nonconsanguineous parents

• Neonatal hyperbilirubinemia

• Failure to thrive

• Mild hypotonia

• Pale skin

• Prominent frontal bone

• Depressed nasal bridge

• Central hypothyroidism

• Undetectable GH

• Undetectable PRL (inability to 

breast feed in affected 

mothers)

• MRI at the age of   2 months

• Pituitary height 2.5 mm 

(controls 2.6-5 mm)

• small pituitary MR imaging

R271 Mutation

Congenital- Idiopathic-Genetic GH Deficiency
Genes implicated in cellular differentiation 
“In situ Posterior Pituitary”
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Genetic GH Deficiency
Genes implicated in cellular differentiation 
“In situ Posterior Pituitary”
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Developmental/Differentiation Defects



Molecular studies: Case 2, S.S.
Sequencing of the HESX1 gene (4 exons and 
flanking intronic regions) and RT-PCR on 
RNA from EBV-transformed lymphocytes

Detection of  a “splice” 

mutation

exon 2 intron 2

c.357+2T>C

Nl

II-3

I-1 I-2 II-1 II-3C

II

I

(1) 808 bp
(3) 608 bp

1 2 3 4

STOP

186ATG

808 bp

(1)
HD

Nl

STOP

54

608 bp

1

ATG

3 4

(3)

II-3

J Clin Endocrinol Metab. 2006 ; 91:4528-36. 

HESX1

AP Aplasia

No EP

No ONH
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• HH variably associated with anosmia and midline defects     

(cleft palate, dental agenesis,..)

• First report: Dode et al,  Nature Genet 2003

• Incidence: about 10% of  KS

FGFR1 Mutations
Gene Overlap

T1 T2

APH

EPP

Hypoplastic PS

Pons 

Hypoplasia

Absence of OC

Thin CC

Absence of 

Intertalamic mass

Hypoplastic CA



Two novel mutations associated with recessive HPE and SOD. A and B, A total of 421 patients with hypopit phenotypes 
ranging from HPE to SOD were screened for mutations in FGF8 by direct equencing. 

McCabe M J et al. JCEM 2011;96:E1709-E1718

©2011 by Endocrine Society

Structure of FGF8 isoforms. 

HPE Cleft 

Palate
OB agenesis

Tooth 

agenesis
BoneSOD



A CHD7 mutation associated with CHARGE syndrome and hypopituitarism. 
MRI in patient 1 revealed APH, an absent pituitary stalk (APS) with an undescended/EPP at the tuber cinereum and a 

thin corpus callosum. 

Gregory L C et al. JCEM 2013;98:E737-E743

©2013 by Endocrine Society

C - Coloboma of  the eye (80%), CNS anomalies 

H - Heart defects (85%)

A - Atresia of  the choanae (57%) 

R - Retardation of  growth (80%) and/or development (70%)

G - Genital and/or urinary defects

E - Ear anomalies (90-100%) and/or deafness (62%)

CHD7 - DNA-binding protein-7 (8q12.1, 7q21.11)

Diagnostic Criteria Pagon (1981) 4 among 6 anomalies

http://www.ncbi.nlm.nih.gov/Omim/getmap.cgi?l214800


Who should be screened?

• Familial forms

• Consanguinity

• Neonatal-Early-onset severe hypopituitarism

• Clinical phenotype (Cranio-facial, eyes, ears, deafness, midline

defects…)

• Anosmia, heart, kidney,….

• Isolated GHD with severe clinical and endocrine phenotype

• CPHD/MPHD patients

• MRI phenotype with the  classic «Triad» of EPP, pituitary stalk

agenesis and pituitary hypoplasia/aplasia with CNS abnormalities

Management of Congenital GH Deficiency



• Caryotyping

• CGH-Array 

• Sanger sequencing

• Next generation sequencing

• Whole genome sequensing

How should they be screened?



Developmental/Migration Defect

Micro-array CGH: [del(14)(q22.1q23.1)]

T1 T2

APH

EPP

Hypoplastic PS

Pons 

Hypoplasi

a

Absence of OC

Thin CC

Absence of 

Intertalamic 

mass

Hypoplastic CA



Exome sequencing technical approach

for Mendelian gene discovery 
Bamshad, M. J. et al. Exome sequencing as a tool for Mendelian disease gene

discovery. Nature reviews. Genetics 12, 745–55 (2011)

1. Sequencing parent-child trios

for identifying new mutations

2.Sequencing and filtering

accross multiple unrelated, 

affected individuals to identify

novel variants in the same gene 

–shared- by the individuals

3.Sequencing and filtering among

multiple affected individuals

from within a pedigree with a 

novel variant in a shared region

of the genome

4. Rare variants in one extreme



Exome sequencing technical approach

for Mendelian gene discovery 

• da luglio 2016 l’analisi molecolare su piattaforma MiSeq (Illumina mediante next generation sequencing e 
verranno analizzati in totale 31 geni candidati; il pannello comprende i geni 

• 1 IGF1 2 GHR 3 IGFALS(ALS) 4 SOCS1, 5 IGF1, 6 SHOX, 7 COMP, 8 SOX9, FGFR3, 10

HMGA2, 11 GHRHR, 12 GH1, 13 SHH, 14 GLI2, 15 GLI3, 16 FGF8, 17 CDH7, 18 HESX1, 19 OTX2, 20

POU1F1, 21 SOX2, 22 LHX3, 23 LHX4, 24 FGFR1, 25 PROKR2, 26 ARNT2, 27 GPR161, 28 XRCC4, 29

PAPPA2, 30 PCNT, 31 STAT5B

• Con tale screening, si garantisce una copertura tra l‘80 e il 90% della regione target dei geni HMGA2, IGFALS,

SHH, SHOX, SOX9, SAT5B, FGF8 e una copertura superiore al 95% dei restanti geni, con una profondità di

analisi di almeno 20X.



• Who should be screened? 

– All patients with congenital hypopituitarism should have a 

genetic evaluation

– Those with a family history and/or severe short stature (IGHD 

and early–onset presentation)

– Those with CPHD /MPHD

• How should be screened? 

– Sanger for specific phenotypes (POU1F1, PROP1 …)

– NGS /Gene panel

• When should they be be screened?

– Genetic screening should occur after the clinical diagnosis of 

hypopituitarism for better counselling and prognosis

Management of Congenital GH Deficiency



• Mutations/variations in genes implicated in pituitary 

development are rare

• Pleiotropic phenotypes

• Evolving phenotypes

• Variable inheritance

• Variably penetrant

-Cranio-facial

- Eyes abnormalities

- Deafness

- Skeletal

- Pituitary

- Extra pituitary (midline, midbrain, olfactory bulbs …)

- Role of  other genes

- Role of  environmental factors

• Careful interpretation required at any changes

• Care with genetic counselling

• Re-evaluation with time

Take Home Message
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